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Effect of interval between
 food intake and drug
administration at fasting condition on the plasma
concentrations of first-line anti-tuberculosis drugs
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Abstract
We aimed to investigate the effect of interval between food intake and drug administration at fasting condition on the plasma
concentrations of first-line anti- tuberculosis (TB) drugs in Chinese population. Newly diagnosed TB patients administered the anti-TB
drugs under fasting conditions orally, and then had prepared breakfast at 30minutes and 120min after dosing, respectively. Blood
sampling was also performed 120 minutes after dosing for the detection of Cmax purpose. Overall, twenty-five participants were
included in our analysis. TheCmaxs of 30 minutes interval and 120 minutes interval were 21.8±2.0 and 19.2±2.0mg/mL for rifampin,
1.6±0.2 and 2.1±0.2mg/mL for isoniazid (INH), 1.5±0.1and 1.5±0.2mg/mL for ethambutol (EMB), and 49.2±3.7 and 41.5±3.9m
g/mL for pyrazinamide, respectively. Statistical analysis revealed that there was no statistical difference between 2 groups.
Additionally, 88.0% and 72.0% of the 25 participants at 2-hour interval group had peak concentrations less than the lower limit of the
reference range for INH and EMB, respectively. The Cmaxs of INH were 0.9±0.4mg/ml for rapid acetylator, which was significantly
lower than those of intermediate (1.4±1.0mg/mL), and slow acetylator (2.5±1.0mg/mL), respectively (P< .01). In conclusion, our
data demonstrate that early food intake at 30minutes after drug administration had no significant influence on the plasma
concentrations. In addition, a high proportion of patients receiving first-line anti-TB regimen fail to achieve the expected plasma drug
ranges of INH and EMB (P> .05).

Abbreviations: DNA = deoxyribonucleic acid, EMB = ethambutol, INH = isoniazid, PCR = Polymerase Chain Reaction, PZA =
pyrazinamide, RIF = rifampin, TB = tuberculosis .
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1. Introduction developed TB and 1.6 million died because of TB globally.[1] The
Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB)
complex, presents a great challenge to public health, especially for
developing countries.[1] In 2017, an estimated 10.0 million people
Editor: Mehmet Bakir.

JW and JW contributed equally to this Study.

This work was supported by the Ministry of Science and Technology of the
People’s Republic of China (2015ZX10003001002, 2017ZX09304009).

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.
a Tuberculosis Department, b National Clinical Laboratory on Tuberculosis, Beijing
Key Laboratory on Drug-Resistant Tuberculosis, Beijing Chest Hospital, Capital
Medical University, Beijing Tuberculosis and Thoracic Tumor Research Institute,
Beijing, China.
∗
Correspondence: Naihui Chu, Department of Tuberculosis, Beijing Chest

Hospital, Capital Medical University, Beijing Tuberculosis & Thoracic Tumor
Research Institute, No. 9, Beiguan Street, Tongzhou District, Beijing 101149, P.
R. China (e-mail: chunaihui1994@sina.com).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Wang J, Wang J, Du Y, Guo R, Han X, Wang Q, Pang Y,
Chu N. Effect of interval between food intake and drug administration at fasting
condition on the plasma concentrations of first-line anti-tuberculosis drugs in
Chinese population. Medicine 2020;99:44(e22258).

Received: 19 May 2020 / Received in final form: 23 July 2020 / Accepted: 16
August 2020

http://dx.doi.org/10.1097/MD.0000000000022258

1

control of TB depends on early diagnosis and effective treatment of
the infectiouspatients.[2] ThemajorityofTBpatients are affectedby
drug-susceptible tubercle bacilli, and strong evidence has demon-
strated that standardized treatment regimens with first-line drugs,
consisting of isoniazid (INH), rifampin (RIF), ethambutol (EMB)
and pyrazinamide (PZA), are highly successful in drug-susceptible
TB.[3] Reported treatment success rates range from 60% to 90%
depending on comorbidities and patient adherence.[4] Efforts
to improve treatment outcomes requires a better understanding of
the factors contributing to the TB patients’ adherence.[5]

Adherence to the long course of anti-TB treatment is influenced
by a wide range of factors.[5] Patient non-adherence is majorly due
to adverse drug events associated with treatment mediation.[6]

Many of anti-TB drugs can lead to gastrointestinal upset, such as
nausea, vomiting and abdominal pain.[7] Previous studies revealed
that the interactions between food and drugs could reduce the
bioavailability of anti-TBdrugs, especially forRIFand INH.[4]Asa
consequence, TB patients are endorsed to take anti-TB drugs at
fasting condition to avoid therapeutic failure due to reduced blood
concentrations.[8] Considering that food intake is responsible for
reducing mucosal injury in the stomach, the drug administration
after overnight fasting would accelerate the occurrence of
gastrointestinal upset among individuals with gastrointestinal
intolerance.[9] Thus, the question raised by this dilemma is to
determine the optimal timing of taking anti-TB drugs to balance
gastrointestinal upset and effective blood concentrations. Unfor-
tunately, previous studies were often focused on the influence of
concomitant intake food on anti-TB drug concentrations.[4,7]
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Therefore, the goal of this study was to investigate the effect of
interval between food intake and drug administration at fasting
condition on the plasma concentrations of first-line anti-TB drugs
in Chinese population.

2. Patients and methods

2.1. Study design and population

From January 2018 through February 2019, newly diagnosed TB
patients in Beijing, China, who were>18 years old were asked to
participate in the study. This study was approved by the Ethics
Committees of the Beijing Chest Hospital, Capital Medical
University. All the patients enrolled in the study provided written
informed consent.
Study subjects had positive smear microcopy and/or GeneX-

pert results, and were administered the conventional daily 2-
month intensive phase of the 4-drug anti-TB regimen, consisting
of 300mg INH (Hongqi Pharmaceutical Co., Shenyang, China),
600mg RIF (Tongde Pharmaceutical Co., Chengdu, China), 750
mg EMB (Jinhua Pharmaceutical Co., Chengdu, China), and
1500mg PZA (Jinhua Pharmaceutical Co., Chengdu, China).
Patients with any of the following conditions were excluded

from the present study:
(1)
 human immunodeficiency virus infection;

(2)
 pregnancy;

(3)
 known drug resistance;

(4)
 diabetes mellitus;

(5)
 renal or hepatic disease;

(6)
 intolerance to any first-line drug;

(7)
 chronic alcohol consumption;

(8)
 gastrointestinal disease.
Table 1

Demographic and clinical characteristics of patients enrolled in
this study.

Characteristic
∗

Age, yr, mean±SD 33.4±7.1
Female, n (%) 13 (52.0%)
Male, n (%) 12 (48.0%)
Weight, kg, mean±SD 57.1±6.8
ALT, U/L, mean±SD 23.38±5.9
AST, U/L, mean±SD 18.0±6.12
Creatinine, mM/L, mean±SD 77±14.25
Blood glucose, nM/L, mean±SD 4.92±2.14
NAT genotype
Rapid acetylator, n (%) 7 (28.0%)
Intermediate acetylator, n (%) 7 (28.0%)
Slow acetylator, n (%) 11 (44.0%)

∗
ALT=alanine aminotransferase, AST= aspartate aminotransferase, NAT2 = N-acetyltransferase 2,

SD = standard deviation.
The demographic data of eligible patients were obtained from
electronic medical records. Characteristics studied included age,
sex, weight, baseline liver function, and blood glucose.

2.2. Pharmacokinetics

The anti-TB drugs were administrated under fasting conditions. It
is routinely advised that patients must be fasted within 120
minutes after anti-TB administration, setting as control group,
while the interval of 30minutes was used as experimental group
in this study. Prior to our analysis, all patients experienced a 6-
day course of anti-TB drug administration. On days 7 and 8, they
administered the anti-TB drugs orally, and then had prepared
breakfast at 30min and 120min after dosing, respectively. Blood
sampling was also performed 120min after dosing for the
detection of Cmax purpose. Reference ranges for INH, RIF, EMB,
and PZA were 3 to 6, 8 to 24, 2 to 6, and 20 to 60mg/mL,
respectively. The blood samples were centrifugated at 2000rpm
for 10minutes, and plasma supernatant was removed and stored
at -70°C refrigerator untill bioanalysis. The plasma samples were
analysed by liquid chromatography-tandem mass spectrometry
method. Briefly, the separation of anti-TB drugs was conducted
using Zorbax SB-Aq column (Agilent, 50mm�4.6mm, 5mm)
(Agilent Technologies, Waldbronn, Germany). The mobile phase
was composed of 5mM ammonium acetate (phase A) and 90%
(v/v) acetonitrile in water containing 0.1% (v/v) formic acid
(phase B) delivered in a gradient elution mode at 0.3mL/min:
phase B increased linearly from 1.0 to 100.0% from 0 to 12min.
The concentrations of anti-TBdrugswere detectedbyAgilent 6400
triple quadrupole mass spectrometer (Agilent Technologies,
2

Waldbronn, Germany). The method has been validated following
US FDA guidance for industry on bioanalyticalmethod validation.

2.3. Genotyping

Genomic DeoxyriboNucleic Acid (DNA) from the peripheral
blood samples was extracted using the Lab-Aid Kit (Zeesan
Biotech Co., Xiamen, China) according to the manufacturer’s
instruction.[10] The isolated genomic DNA samples were geno-
typed by the multicolor melting curve analysis genotyping method
(ZeesanBiotechCo.,Xiamen,China). Briefly, the reactionmixture
was prepared in a total volume of 25mL, consisting of 19.6mL of
polymerase chain reaction (PCR) master mix, 0.4mL Taq
polymerase and 5mL of template DNA. The PCR was conducted
under the following conditions: initial denaturation at 95°C for 10
minutes, 10 cycles of denaturation at 95°C for 15 seconds, 70°C for
15 seconds with 1°C decrease per cycle until the temperature
reached 60°C, extension at 76°C for 20 s, and then 50 cycles of
denaturation at 95°C for 15 seconds, annealing at 60°C for 15
seconds and extension at 76°C for 20 seconds. After PCR
amplification, the multicolor melting curve analysis genotyping
was carried out under the following conditions: denaturation at
95°C for 1minutes, renaturation at 35°C for 3 minutes, and a
continuous record of fluorescence from 45 to 85°C. The patients
were classified as rapid, intermediate, and slow acetylator
phenotype according to the established criteria for the 4-single
nucleotide polymorphism genotype panel.[11]

2.4. Statistical analysis

For each patient, the Cmax was defined as the concentration
measured at 120minutes.[12] The Student t test or Wilcoxon
rank-sum test was used for the comparison of plasma drug
concentrations. Two-sided P values less than .05 were considered
significant. All statistical analysis was performed with SPSS
Statistics 20.0 (SPSS Inc, Chicago, IL).

3. Results

Between January 2018 and February 2019, a total of 60 patients
were included at enrollment. Among these patients, 20 cases were
excluded due to adverse events associated with anti-TB drug
administration; 13 were infected with RIF-resistant TB; and 2
withdrawed during study period at their own request. Finally,
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25 participants were included in the study. The characteristics of
patientswere summarized inTable 1. Themean age of participants
was 33.4±7.1 years; 48% were male and 52% were female. The
baseline levels of serum transaminases, creatinine, and blood
glucose of all participants were within the normal ranges,
respectively. By using the 4- single nucleotide polymorphism
genotype panel for N-acetyltransferase 2 gene, 7 (28.0%) patients
were rapid acetylators, 7 (28.0%) were intermediate acetylators,
and 11 (44.0%) were slow acetylators for INH, respectively.
Figure 1. Cmaxs of the first-line anti-TB drugs of different intervals b

3

In Figure 1, theCmaxs of the first-line anti-TB drugs of different
intervals between food intake and drug administration at fasting
condition are presented. The Cmaxs of 30minutes interval and
120minutes interval were 21.8±2.0 and 19.2±2.0mg/mL for
RIF, 1.6±0.2 and 2.1±0.2mg/mL for INH, 1.5±0.1and 1.5±
0.2mg/mL for EMB, and 49.2±3.7 and 41.5±3.9mg/mL for
PZA, respectively. Statistical analysis revealed that there was no
statistical difference between 2 groups (P> .05). Notably, we
observed that 22 (88.0%) and 18 (72.0%) of the 25 participants
at 120minutes interval group had peak concentrations less than
etween food intake and drug administration at fasting condition.

http://www.md-journal.com


Figure 2. Comparison ofCmaxs of the first-line anti-TB drugs stratified to sex. A, Comparison ofCmaxs of the first-line anti-TB drugs between 30minute interval and
120minute interval in male patients. B, Comparison of Cmaxs of the first-line anti-TB drugs between 30minute interval and 120minute interval in female patients.
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the lower limit of the reference range for INH and EMB,
respectively. In addition, sex had no significant difference on the
Cmaxs between 30minutes interval and 120minutes interval
group (Fig. 2).
In addition, we analysed the Cmax of patients stratified to

acetylator phenotype for INH in the 120 minute interval group.
As shown in Figure 1E, the Cmaxs of INH were 0.9±0.4mg/ml
for rapid acetylator, which was significantly lower than those of
intermediate (1.4±1.0mg/mL), and slow acetylator (2.5±1.0mg/
mL), respectively (P< .01).
4. Discussion

In view of the fact that fed state decreases the absolute
bioavailability of INH and RIF,[7] the current guidelines on TB
treatment recommend the administration of first-line anti-TB
drugs at fasting condition. For patients undergoing gastrointes-
tinal intolerance, the timing of the drug administration should
be changed, preferably to be closer to mealtime. However, no
evidence is provided. In Taiwan, random medication was even
4

proposed to improve patient compliance. Thus, to achieve
adequate serum drug concentrations, clinicians should be aware
of the timing of anti-TB drug administration in these patients.
In this study, we have described the plasma concentrations of
first-line anti-TB drugs among the patients with different
intervals between food intake and drug administration at
fasting condition in Chinese population. Our data showed that
early food intake after drug administration had no significant
influence on the plasma concentrations of first-line anti-TB
drugs (30min versus 120min). Previous experimental studies
indicated that the components of the diet can majorly influence
the development of injury in different regions of the gastroin-
testinal mucosa.[9] The earlier food intake after administration
will contribute to the decreased incidence of gastrointestinal
adverse events. Another concern raised is whether the food
intake would affect the drug dissolution, drug stability and
intestinal permeability.[9] Our results suggest that half an hour is
potentially adequate for the completion of drug absorption for
first-line anti-TB drugs. Notably, in many programs conducted
in the TB high-burden settings, food is offered as an incentive
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with directly observed treatment, which is co-administrated
with anti-TB drugs.[8] In view of the reduced peak concen-
trations of drugs by food, the incentive food should be given at
least 30min after drug intake.
Another noteworthy finding of this study is that a high

proportion of patients receiving first-line anti-TB regimen failed
to achieve the expected plasma drug ranges of INH and EMB,
respectively. In line with our results, Tappero et al. found that
low concentrations were more frequently observed in INH and
EMB.[12] Furthermore, a previous study by Choudri and
colleagues revealed that 89% of patients tested had peak INH
levels less than 3mg/ml, similar to 88% observed in our Chinese
population,[13] whereas the conflicting results were reported by
McIlleron that indicated only 2% of participants had peak
concentrations less than expected range.[14] We speculate the
frequencies of N-acetyltransferase 2 polymorphisms that vary
widely between different population may be the major reason for
the corresponding differences in INH pharmacokinetics across
various studies.[15] There is strong evidence demonstrating that
the low 120min INH concentration is associated with the poor
treatment outcomes among TB patients.[16] Hence, the INH
plasma concentration of TB patient should be monitored at
during the initial therapy period to formulate the optimal dosage
of INH in the regimen. In addition, the low EMB level was noted
in 72% of TB patients in this study. Although EMB is not as
potent as INH and RIF, the lowered maximum concentration
may increase the risk of acquired drug resistance. The high
incidence of low EMB concentrations in Chinese population
highlights that the EMB dosage should be properly increased to
achieve the recommended concentrations.
We acknowledge that this study had several obvious

limitations. First, the prepared breakfast was taken by partic-
ipants, and we could not assess whether food component has a
significant effect on the bioavailability of anti-TB drugs in the
present study. Second, only 1 120minute blood sample was
collected from each participant. It is unable to calculate the other
pharmacokinetics parameters. Third, a high rate of patients
experiencing early treatment termination due to adverse events
were excluded from our analysis. The high plasma concentration
may be an important reason for emergence of adverse events.
Hence, the exclusion of these patients may lead to underestima-
tion of plasma concentrations in TB patients. Finally, the naïve
patients rather than those with comorbidities were enrolled in this
study. Previous studies have indicated that the comorbidities may
affect the drug absorption and bio-distribution.[17] Further
studies are needed to evaluate the effect of intervals between
food intake and drug administration on plasma drug concen-
trations in these special populations.
To conclude, our data demonstrate that early food intake at 30

minute after drug administration had no significant influence on
the plasma concentrations of first-line anti-TB drugs. In addition,
a high proportion of patients receiving first-line anti-TB regimen
fail to achieve the expected plasma drug ranges of INH and EMB.
The high incidence of low drug concentrations in Chinese
population highlights that the INH and EMB dosage should be
properly increased to achieve the recommended concentrations.
Further studies are needed to confirm these results in clinical trials
5

for patients taking first-line drugs with meals at different
intervals.
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