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Abstract
Objectives Readability of patient-facing information of oral antibiotics detailed in the WHO all oral short (6 months, 
9 months) has not been described to date. The aim of this study was therefore to examine (i) how readable patient-facing TB 
antibiotic information is compared to readability reference standards and (ii) if there are differences in readability between 
high-incidence countries versus low-incidence countries.
Methods Ten antibiotics, including bedaquiline, clofazimine, ethambutol, ethionamide, isoniazid, levofloxacin, linezolid, 
moxifloxacin, pretomanid, pyrazinamide, were investigated. TB antibiotic information sources were examined, consisting 
of 85 Patient Information Leaflets (PILs) and 40 antibiotic web resouces. Of these 85 PILs, 72 were taken from the National 
Medicines Regulator from six countries (3 TB high-incidence [Rwanda, Malaysia, South Africa] + 3 TB low-incidence [UK, 
Ireland, Malta] countries). Readability data was grouped into three categories, including (i) high TB-incidence countries 
(n = 33 information sources), (ii) low TB-incidence countries (n = 39 information sources) and (iii) web information (n = 53). 
Readability was calculated using Readable software, to obtain four readability scores [(i) Flesch Reading Ease (FRE), (ii) 
Flesch-Kincaid Grade Level (FKGL), (iii) Gunning Fog Index and (iv) SMOG Index], as well as two text metrics [words/
sentence, syllables/word].
Results Mean readability scores of patient-facing TB antibiotic information for FRE and FKGL, were 47.4 ± 12.6 (sd) (tar-
get ≥ 60) and 9.2 ± 2.0 (target ≤ 8.0), respectively. There was no significant difference in readability between low incidence 
countries and web resources, but there was significantly poorer readability associated with PILs from high incidence countries 
versus low incidence countries (FRE; p = 0.0056: FKGL; p = 0.0095).
Conclusions Readability of TB antibiotic PILs is poor. Improving readability of PILs should be an important objective when 
preparing patient-facing written materials, thereby improving patient health/treatment literacy.

Keywords Antibiotics · Antibiotic resistance · Readability · Treatment literacy · Tuberculosis

Introduction

Tuberculosis (TB) continues to be the most significant 
global health crisis, with approximately more than 1 bil-
lion people having died with the disease over the past 
two centuries [1, 2]. Worldwide, TB is the second lead-
ing infectious killer after COVID-19 (above HIV and 
AIDS), where it is estimated that 1.3 million people died 
from TB in 2022 (including 167 000 people with HIV) 
[2]. In 2022, an estimated 10.6 million people fell ill with 
tuberculosis (TB) worldwide, including 5.8 million men, 
3.5 million women and 1.3 million children [2]. More 
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recently, antibiotic-resistant forms of the disease have 
emerged and in 2022, where 410,000 (3.9% of new TB 
cases) were some form of antibiotic-resistant TB [2] [See 
Supplementary File 1]. The various forms of antibiotic-
resistant TB often consume > 50% of national TB budg-
ets despite comprising < 5–10% of the total TB case-load 
[3]. Antibiotic-resistant TB can be defined on the basis 
of resistance to various antibiotics or combinations of 
antibiotics, as detailed in Table 1 [4]. Two short, all-oral 
antibiotic regimens for multidrug-resistant TB have been 
proposed by the WHO, which have now been adopted [4]. 
The BPaLM regimen (6 Bdq-Pa-Lzd-Mfx1) is employed 
in patients with MDR/RR-TB where fluoroquinolone sus-
ceptibility is presumed or documented [4]. This 6-month 
all-oral treatment regimen comprises bedaquiline, preto-
manid, linezolid and moxifloxacin, where it is possible 
to omit moxifloxacin and continue with the BPaL regi-
men for MDR/RR-TB patients with confirmed fluoroqui-
nolone resistance [4]. The slightly longer 9-month all-
oral regimen (4–6 Bdq(6m)-Lfx/Mfx-Cfz-Z-E-Hh-Eto or 
Lzd(2m)/5 Lfx/Mfx-Cfz-Z-E) is employed in patients with 
MDR/RR-TB and in whom resistance to fluoroquinolo-
nes has been excluded [4]. This 9-month all-oral regimen 
comprises bedaquiline (used for 6 months), in combination 
with levofloxacin/moxifloxacin, ethionamide, ethambutol, 
isoniazid (high dose), pyrazinamide and clofazimine (for 
4 months, with the possibility of extending to 6 months 
if the patient remains sputum smear positive at the end 
of 4 months), followed by treatment with levofloxacin/
moxifloxacin, clofazimine, ethambutol and pyrazinamide 

(for 5 months), where ethionamide can be replaced by 
2 months of linezolid [4].

Employment of an all oral antibiotic regime, no longer 
requires the employment of iv antibiotics that require 
administration with the support of a healthcare profes-
sional (nurse), within a healthcare facility or at home as 
an out-patient. Such administration promotes treatment 
adherence to taking the antibiotics in accordance with 
the dosing schedule, as stated in the summary of product 
characteristics (SPC) of each antibiotic. Many DR-TB pro-
grammes implement directly observed treatment (DOT) for 
people on drug-resistant TB treatment, including those on 
all-oral medications. Even though treatment of DR-TB has 
evolved to injection-free regimens, treatment delivery has 
continued to be DOT. DOT puts the responsibility of adher-
ence on the healthcare provider. However, patients feel that 
facility-based DOT perpetuates stigma, hinders collection 
and administration of treatment, and inhibits return to daily 
activities [5]. More recently, community-supported self-
administered treatment (SAT) of TB medication has been 
introduced, where this is a model in which patients are not 
supervised daily but receive regular support visits in their 
community [5]. Employment of an all oral regime under 
SAT largely transfers the responsibility for antibiotic treat-
ment adherence to the patient, as a healthcare professional 
is longer required to administer iv antibiotics nor are present 
to perform DOT.

Non-adherence with oral antibiotic regimes has been 
shown to reduce clinical efficacy and adversely affect 
treatment [6–8]. Such behaviour can then led to increased 
antibiotic resistance in the targeted bacterial pathogen, due 

Table 1  World Health Organization definitions of seven forms of antibiotic-resistant TB

Definitions taken from WHO operational handbook on tuberculosis Drug-resistant tuberculosis treatment Module 4: Treatment 2022 update 
(Available at https:// www. who. int/ publi catio ns/i/ item/ 97892 40065 116)

Abbreviation Description

Drug-resistant TB (DR-TB): TB disease caused by a strain of Mycobacterium tuberculosis complex that is resistant 
to any TB medicine

Extensively drug-resistant TB (XDR-TB): TB disease caused by a strain of M. tuberculosis complex that is resistant to rifampicin 
(and may also be resistant to isoniazid), and that is also resistant to at least one fluo-
roquinolone (levofloxacin or moxifloxacin) and to at least one other “Group A” drug 
(bedaquiline or linezolid)

MDR/RR-TB: Refers to either multidrug-resistant TB (MDR-TB) or rifampicin-resistant TB (RR-TB)
Multidrug-resistant TB (MDR-TB): TB disease caused by a strain of M. tuberculosis complex that is resistant to rifampicin 

and isoniazid
Pre-extensively drug-resistant TB (pre-XDR-TB): TB disease caused by a strain of M. tuberculosis complex that is resistant to rifampicin 

(and may also be resistant to isoniazid), and that is also resistant to at least one fluo-
roquinolone (either levofloxacin or moxifloxacin)

Rifampicin-resistant TB (RR-TB): TB disease caused by a strain of M. tuberculosis complex that is resistant to rifampicin. 
These strains may be susceptible or resistant to isoniazid (i.e. MDR-TB), or resistant 
to other first-line or second-line TB medicines

Rifampicin-susceptible, isoniazid-resistant TB (Hr-TB):  TB disease caused by a strain of M. tuberculosis complex that is resistant to isoniazid 
but susceptible to rifampicin

https://www.who.int/publications/i/item/9789240065116
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to suboptimal pharmacokinetics and pharmacodynamics 
(PK/PD) values, thereby allowing the pathogen to develop 
eloborate evasive mechanisms to circumvent the action of 
the antibiotic [9].

To date, there has not been any reports examining the 
readability of Patient Information Leaflets (PILs), relating 
to the oral antibiotics employed in the short 6-months and 
9-months all oral antibiotic treatment regimes. Another 
potential factor which may potentially affect patient anti-
biotic adherence, is the impact of the readability of these 
antibiotic PILs. PILs are enclosed with prescription drugs 
by the dispensing pharmacist and these are crucial in pro-
viding key information to the patient about antibiotic regi-
men, dose, administration, side effects and safety precau-
tions. A previous study has indicated the importance of 
evaluating the readability of PILs attached to medication, 
as low-quality information provided could potentially lead 
to increased patient misusing and cause lower adherence 
to taking antibiotics correctly [10]. The consequence of 
poor adherence to antibiotics could potentially lead to the 
development of AMR, due to the presence of suboptimal 
minimum inhibitory concentrations (MICs) of antibiotics 
and thus lead to poor health outcomes.

Readability can be assessed through a range of quan-
titative readability parameters and formulae based on 
various text metrics such as word count, sentence count 
and syllables [11]. Some readability formulae commonly 
used in healthcare include the Flesch-Kincaid Grade Level 
(FKGL) and the Flesch Reading Ease (FRE) scores [11] 
(see Supplementary Table 1). To date, there has not been 
any research conducted that has examined the readability 
of patient-facing materials including PILs for those antibi-
otics used in the WHO short all oral (6-month & 9-month) 
Drug-Resistant TB treatment regimes. If antibiotic patient 
information which accompanies those antibiotics is poor, 
then the patients may be less likely to understand how and 
why they should take their antibiotics, which may result in 
them not properly or consistently taking their antibiotics 
as required. A good understanding of medication instruc-
tion is therefore vital for an individual to adequately com-
prehend and follow the recommended intake and dose of 
medication, in a way to maximise health outcomes and an 
additional way to minimise potential contributing factors 
to AMR.

The aim of this study was therefore to examine the read-
ability (Flesch Reading Ease, Flesch-Kincaid Grade Level, 
Gunning Fog, SMOG scores; text metrics) of PILs of anti-
biotics (n = 10) used in the WHO short all oral (6-month & 
9-month) Drug-Resistant TB treatment regimes, from TB 
high-incidence countries (n = 3), low-incidence countries 
(n = 3), as well as respected web resources (n = 4), in order 
to establish:-

 (i) how readable patient-facing antibiotic information is 
compared to readability reference standards,

 (ii) if there are differences in readability between high-
incidence countries versus non-high incidence coun-
tries versus web resources.

Materials and Methods

An overview of the methods employed is shown in Fig. 1.

Retrieval of Patient Information Leaflets (PILs) 
of Antibiotics from WHO Short, All Oral (6‑Month & 
9‑Month) Treatment Regimes

Oral antibiotics (n = 10), which are employed in the WHO 
short, all oral (6-month & 9-month) Drug-Resistant TB 
treatment regimes and used to treat Drug-Resistant (DR) 
TB, were selected for investigation [4]. These included 
bedaquiline, clofazimine, ethambutol, ethionamide, iso-
niazid, levofloxacin, linezolid, moxifloxacin, pretomanid, 
pyrazinamide.

Patient Information (n = 125 sources) aimed at patients 
and the general public were obtained from publicly and 
freely available web resources, as detailed in Fig. i1.

Determination of Readability Scores and Text 
Metrics

Each PIL in form of a PDF document and each patient infor-
mation resource, in the form of a URL, was examined using 
the online subscription-based software, Readable (www. 
reada ble. com), which was used in accordance with the web-
site’s instructions. All readability analyses were performed 
on text written in the English language. The software was 
used to calculate four readability scores, including (i) Flesch 
Reading Ease, (ii) Flesch-Kincaid Grade Level, (iii) Gun-
ning Fog Index and (iv) SMOG Index, as detailed in Sup-
plementary Table 1. An additional two text metrics were also 
calculated, including words per sentence and syllables per 
word. These readability measures were chosen for exami-
nation as most readability studies frequently employ these 
[12, 13]. Readable.com was selected as the preferred online 
calculator, as it has been previously used in several health-
care readability studies, [12, 13] as well as in a recent study 
which compared a variety of online readability calculators 
and concluded that Readable was the optimum calculator 
to use due to its accuracy, user experience and capacity to 
examine multiple readability parameters from clinical mate-
rials [14].

http://www.readable.com
http://www.readable.com
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Statistical Analyses

The readability data obtained underwent statistical analyses 
using GraphPad PRISM version 10.2.3 (403) (Boston, USA). 
To determine if the data followed a normal distribution, a 
normality test was performed on each set of data using the 
Shapiro-Wilk Test. Dependent on the normality of data dis-
tribution, for data that were normally distributed, one-way 
ANOVA (parametric) was performed to compare the means 
of normally distributed parameters. Data sets that were not 

normally distributed, the Kruskal–Wallis (non-parametric) 
test with Dunn’s Adjusted p values was performed. A p value 
of < 0.05 (5%) was considered as statistically significant.

Fig. 1  Flow diagram of methodological investigations undertaken in this study and sources of patient-facing information
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Results

Comparison of Readability Scores and Text Metrics 
of 10 Antibiotics from WHO Short, All Oral (6‑Month 
& 9‑Month) Treatment Regimes

A total of 125 antibiotic information sources were examined, 
consisting of 85 Patient Information Leaflets (PILs) and 40 
antibiotic web resouces. Of these 85 PILs, 72 were taken 
from the National Medicines Regulator from six countries 
(3 TB high-incidence + 3 TB low-incidence countries), as 
listed in Fig. 1. Readability data was grouped into three 
categories, including (i) high-incidence countries (n = 33 
information sources), (ii) low-incidence countries (n = 39 
information sources) and (iii) web information (n = 53 infor-
mation sources).

Readability scores for the Flesch Reading Ease, the 
Flesch-Kincaid Grade Level, the Gunning Fog score and the 
SMOG score, as well as for the two text metrics, words per 
sentence and syllables per word, are shown in Fig. 2A–C. 
Comparison of readability scores and text metrics amongst 
the three categories is shown (Fig. 3A–F). All data sets were 
found to be not normally distributed, therefore for compari-
son, the Kruskal–Wallis test and Dunn’s multiple compari-
sons test was employed to compare readability parameters 
between each patient-facing information source.

Discussion

All oral treatment regimes of drug-resistant TB have now 
become established TB pharmacotherapy, in line with WHO 
call for accelerated uptake of these all oral regimes [15]. 
Employing WHO data (https:// www. who. int/ teams/ global- 
tuber culos is- progr amme/ data), Fig. 4 shows the number of 
MDR-TB patients commenced on antibiotic treatment during 
the period 2010–2022. In a recent update, Gupta and col-
leagues showed that there has been consistent global growth 

Fig. 2  Box and whiskers plot comparing readability scores calcu-
lated on antibiotics (n = 10; bedaquiline, clofazimine, ethambutol, 
ethionamide, isoniazid, levofloxacin, linezolid, moxifloxacin, preto-
manid, pyrazinamide) from patient-facing information from 125 
sources [high TB-incidence countries (n = 33); lowTB-incidence 
countries (n = 39); web information (n = 53)]. A Flesch Reading Ease; 
B Flesch-Kincaid Grade Level; Gunning Fog Score; SMOG score; 
C Words per sentence; Syllables per word. Box represents 25th and 
75th percentile and bar represents the median. Whiskers represent the 
10th and 90th percentile and · represent    outliers outside these per-
centile ranges. Statistical significance is shown, calculated using the 
Kruskal–Wallis (non-parametric) test with Dunn’s Adjusted p values. 
A p value of < 0.05 (5%) was considered as statistically significant. 
The dashed red line represents the target readability score. For the 
Flesch Reading Ease, this is ≥ 60. For the other readability scores, 
this is ≤ 8.

▸

https://www.who.int/teams/global-tuberculosis-programme/data
https://www.who.int/teams/global-tuberculosis-programme/data
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Fig. 3  Box and whiskers plot comparing readability scores calculated 
on antibiotics (n = 10; bedaquiline, clofazimine, ethambutol, ethiona-
mide, isoniazid, levofloxacin, linezolid, moxifloxacin, pretomanid, 
pyrazinamide) from patient-facing information from 125 sources 
comparing high TB-incidence countries (n = 33); lowTB-incidence 
countries (n = 39) and web information (n = 53)]. A Flesch Read-
ing Ease; B Flesch-Kincaid Grade Level; C Gunning Fog Score; 
D SMOG score; E Words per sentence; F Syllables per word. Box 

represents 25th and 75th percentile and bar represents the median. 
Whiskers represent the 10th and 90th percentile and · represent outli-
ers outside these percentile ranges. Statistical significance is shown, 
calculated using the Kruskal–Wallis (non-parametric) test with 
Dunn’s Adjusted p values. A p value of < 0.05 (5%) was considered as 
statistically significant. The dashed red line represents the target read-
ability score. For the Flesch Reading Ease, this is ≥ 60. For the other 
readability scores, this is ≤ 8.
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in the use of shorter regimens in DR-TB treatment, with 
BPaLM reaching 126,792 patients, BPaL reaching 43,716 
patients and the 9–11-month all-oral bedaquiline-based regi-
men reaching 13,119 patients by 2026 [16]. By 2026, it has 
been estimated that the longer all-oral regimen is projected 
to be used by 19,262 patients, and individualised treatment 
regimens by 15,344 patients [16].

This shift in antibiotic formulations from iv to orals has 
been largely driven by the discovery of newer effective oral 
antibiotics that have been shown to be safer the iv antibiotics 
[17, 18]. The lengthy duration of treating drug-resistant TB 
with ivs increases the toxicological burden associated with 
this administrative route, as examplified by iv kanamycin 
and capreomycin [19, 20]. Additionally, clinical trial data 
using all oral treatment combinations have yielded positive 
outcomes [21–23]. An open-label, phase 2–3, multicenter, 
randomized, controlled, noninferiority trial was conducted 
in Belarus, South Africa, and Uzbekistan to evaluate the 
efficacy and safety of three 24-week, all-oral regimens 
(bedaquiline, pretomanid, linezolid, and moxifloxacin), for 
the treatment of rifampin-resistant tuberculosis. Results 
showed that this all-oral regimen was non-inferior to the 
accepted standard-care treatment and it had a better safety 
profile [23, 24].

Parenteral administration of antibiotics in the treatment of 
DR-TB has also included the intramuscular (im) route, espe-
cially for kanamycin and capreomycin. This route employs 
deep im injection, with alternating injection sites [25]. This 
route of antibiotic administration has been problematic due 
to the injections being painful, especially for those with lim-
ited muscle mass, becoming intolerant to im injection due to 

pain at the injection site [26]. For this reason,  im antibiotic 
administration has been cited as one of the worst aspects of 
DR-TB treatment [27].

The switch from using iv and im antibiotics to exclu-
sively oral antibiotics creates new challenges, particularly 
with treatment adherence and compliance. Employment of 
iv antibiotics involve allied healthcare professionals assisting 
with their administration to the patient, whereas with oral 
antibiotics, administering of these orals is largely goverened 
by the patient themselves. Therefore, antibiotic treatment 
adherence may be a bigger problem with solely oral regimes 
than with those regimes involving an iv antibiotic and an 
issue that requires careful reflection. A recent systematic 
review by Pradipta and colleagues of 14 studies, includ-
ing 10 active TB and four latent TB studies showed that 
directly observed treatment (DOT) by trained community 
workers, short messaging service combined with education, 
counselling, monthly TB vouchers, drug box reminders and 
combinations of those were effective [6]. Previously, in a 
high DR-TB burden setting in Khayelitsha, Cape Town, 
South Africa, Mohr and colleagues describe their develop-
ment of a patient-centric approach to DR-TB treatment that 
was integrated into existing TB and HIV primary care pro-
grammes [28]. Their model involved structured and stand-
ardised adherence support sessions that were developed into 
a DR-TB counselling toolkit, focussing on DR-TB treatment 
literacy, adherence strategies to encourage retention in care 
and provision of support throughout the patient’s long treat-
ment journey [28].

The WHO describes the monitoring schedule for patients 
receiving the 9-month all oral MDR/RR-TB regimen, which 

Fig. 4  Correlation between 
notified MDR/RR-TB cases and 
patients started on MDR-TB 
treatment for the period 2010 
and 2022.  Source of data: 
https:// www. who. int/ data/ gho/ 
indic ator- metad ata- regis try

https://www.who.int/data/gho/indicator-metadata-registry
https://www.who.int/data/gho/indicator-metadata-registry
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includes the component “Treatment literacy and adherence 
counselling”, with inputs from this component at baseline, 
and at 0–2 months, at every healthcare worker interaction 
and then, as necessary for the following seven months [4]. 
However, there is no further discussion on what interven-
tions or monitoring should entail with “Treatment literacy 
and adherence counselling”. Literacy plays an important 
role in the understanding of tuberculosis [29]. Developing 
resources for TB patients to support treatment literacy of the 
new WHO short 6-and 9 month all oral treatment regimes 
would be prudent, in order to help patients better understand 
their antibiotic medications, as well as dosing and treatment 
durations, in an attempt to maximise treatment adherence.

The patient information leaflet (PIL) is an important 
source of information for the patient, which accompanies 
presciption medicine and which is intended to help the 
patient understand key aspects of the medication for their 
treatment. PILs, which accompany medication, includ-
ing antibiotics, have been shown to have a positive impact 
on medication adherence [31]. In this study by Al Jeraisy 
and colleagues in Saudi Arabia involving 1138 adult indi-
viduals, the practice of patients reading the PILs positively 
impacted their medication adherence (64.9%), whilst 8.8% 
of respondents indicated that reading the PIL negatively 
impacted on their adherence, due to concerns surrounding 
the medicines’ side effects and complications. Further data 
from India showed that PILs significantly improved patients 
knowledge about their medication and improved compliance 
at home [32]. Unfortunately there are no reports of audits 
checking whether or not every medicine is accompanied by 
a PIL within the packaging. In Western countries, the sup-
ply of the PIL is mandatory, accompanying each precription 
medication. Where repeat medication is supplied on a daily 
basis by a healthcare provider, the DR-TB patient should 
have initial access to the PIL for each medicine taken and be 
asked regularly if they would like an update on any informa-
tion that the PIL describes.

To our knowledge, the current study is the first to con-
duct an assessment of the readability of PILs of antibiotics 
employed in the treatment of drug-resistant TB, accord-
ing to the WHO guidelines [4]. In this study, we employed 
quantitaive measurement of words, sentences and syllables, 
as defined by readability formulae, including Flesch Read-
ing Ease, Flesch Kincaid Grade Level, Gunning Fog and 
SMOG scores (Supplementary Table 1). Readability has 
now become a commonly employed tool to help healthcare 
professionals prepare patient-facing materials and resources, 
supported by a growing evidence-base of published litera-
ture, where currently there are approximately 500 publica-
tions cited in PubMed per year, devoted to its study and 
application within clinical medicine, particularly its value 
with patient-facing information and material resources. 
To date, an advanced PubMed search of the title terms 

“readability” and “antibiotic” returns one sole publication 
from our group, [33] describing its value amongst patients 
with cystic fibrosis, thereby demonstrating the novelty 
and opportunity of the application of such an approach to 
promote antibiotic usage awareness and treatment literacy 
amongst TB patients, receiving short all oral antibiotic 
regimes [33].

The design of our study involved the analyses of read-
ability of PILs of the 10-listed oral antibiotics, defined in the 
WHO BPaL, BPaLM and BPaLC antibiotic regimens [4]. 
PILs information was sourced from three groups, namely 
(i) high TB incidence countries, including Rwanda (TB rate 
per 100,000 population (2022) (Data source: WHO avail-
able at https:// world healt horg. shiny apps. io/ tb_ profi les/?_ 
inputs_ & entity_ type=% 22cou ntry% 22& iso2=% 22RW% 
22& lan=% 22EN% 22 [56/100,000), Malaysia (113/100,000) 
and South Africa (468/100,000), (ii) low incidence coun-
tries, including UK (7.6/100,000), Ireland (4.5/100,000) and 
Malta (13/100,000), as well as (iii) TB drug information web 
resources. All PILs from (i) and (ii) were sourced from web-
sites of the medicines regulator of each respective country. 
Our first observation was that PILs information was difficult 
to source online from the majority of medicine regulators 
globally. More regulators listed the Summary of Product 
Characteristics (SPC) of these antibiotics, however these 
are not designed to be patient-facing, but rather healthcare 
professional-facing.

From examination and comparison of the readability 
and text metrics results of this study, the overall readability 
and text metric scores from all sources combined did not 
meet the readability reference targets of ≥ 60, for the Flesch 
Reading Ease score and ≤ 8, for the Flesch Kincaid Grade 
Level (Fig. 2A–C). Recommendations for suitable readabil-
ity levels can vary between institutions, with the American 
Medical Association recommending that all patient-facing 
material be written at a sixth grade level (11 years old) [14]. 
Conversely, the Centers for Disease Control and Prevention 
(CDC) recommends that patient-facing information does not 
surpass an eighth grade reading level (13 years old) [14].

Only 11/125 (8.8%) of TB antibiotc information sources 
met this target and 12/125 (9.6%) reaching the target level 
for the Flesch Kincaid Grade Level. This indicates TB 
antibiotic information is not considered to be written ade-
quately for the public and are thus too difficult for the gen-
eral public to read. When the information sources within 
these three categories were compared to each other, the 
most readable of all the information sourced, was that from 
reliable internet web resources, including the US govern-
ment’s National Library of Medicine, MedlinePlus, as 
well as the electronic medicines compendium (EMC) and 
Drugs.com. PILs from high TB incidence countries con-
sistently had the lowest readability scores, when compared 
to low incidence countries and web resources (Flesch 

https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&iso2=%22RW%22&lan=%22EN%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&iso2=%22RW%22&lan=%22EN%22
https://worldhealthorg.shinyapps.io/tb_profiles/?_inputs_&entity_type=%22country%22&iso2=%22RW%22&lan=%22EN%22
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Reading Ease; p = 0.0056 and p < 0.0001, respectively) 
(Fig. 3A). There was no statistical differences (p > 0.05) 
in readability or text metrics scores between low incidence 
countries and web resources. Poor readability scores were 
associated with higher words per sentence and higher syl-
lables per word text metrics.

It is concerning to note that the poorest readability 
scores were PILs from high incidence countries. PILs are 
essentially designed to inform the patient with important 
information regarding their medication, to allow patients 
the choice and enable them to make knowledgeable and 
responsible decisions with regard to their medications 
[34]. Therefore, it is important that PILs are easily acces-
sible by inclusion in community-dispensed medicines and 
which are easily read and their value promoted to patients 
and service users, by the respiratory team and pharmacist 
treating the TB patient. The issues of poor readability of 
TB antibiotic PILs in the context of treating drug-resistant 
tuberculosis, as identified in the current study, is in itself a 
microcosm of a multitude of interwoven societal problems. 
We have reflected on these issues and have subsequently 
aligned those relevant UN Sustainable Development Goals 
to the issues of poor readability of TB antibiotic PILs, as 
shown in Fig. 5.

Limitations and Future Work

The study presented here has several limitations. Firstly, the 
PILs collected and analysed were limited to the English lan-
guage only, thereby making it of most value to the study of 
TB treatment and adherence in English-speaking countries. 
All non-English patient information sources were excluded 
from this study. This was due to the online readability tool 
(Readable), employed in this study, being best suited for scor-
ing texts using the English alphabet, as it is not able to assess 
readability of texts written with alternative characters, such 
as Arabic, Chinese and Japanese. Another limitation was the 
lack of availability of PILs from the majority of countries, par-
ticularly high incidence countries, which would have reflected 
more robust representation of readability of PILs from high 
incidence countries. Where English is not the first language 
and where countries have a high rate of illiteracy, govern-
ments, NGOs and public health agencies should consider an 
alternative to the written PIL and adopt alternative media, such 
as video, animation or podcast, to allow high quality antibiotic 
information to be disemminated, as an alternative to the tradi-
tional PIL, thereby ensuring the same quality of public health 
messaging to maximise antibiotic treatment adherence. Addi-
tionally, countries should ensure that patients have independent 

Fig. 5  Alignment of identified 
and relevant UN Sustainable 
Development Goals (SDGs) 
associated with poor readabil-
ity of TB antibiotic treatment 
information
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and easy access to a source of high quality information on TB 
antibiotics, in an understandible and comprehensible format, 
matching the literacy and health literacy baseline values of 
that country, so that lack of knowledge about antibiotics is not 
allowed to translate into poor antibiotic adherence and onwards 
to poor clinical outcomes.

In conclusion, readability of PILs of the 10 antibiotics 
listed in WHO short, all-oral treatment regimens is poor, not 
reaching readability reference standards. Such poor readabil-
ity could be reflected in poor understandibility, leading to 
non-compliances in patient-centred TB treatment regimens, 
cumulating in poor disease outcomes. To date, readability 
of antibiotic PILs has not been scrutinised, nor has it been 
considered as an integral intervention of TB treatment and 
patient health literacy. Authors of antibiotic PILs and other TB 
antibiotic information should consider the adoption of read-
ability calculators when preparing medication information for 
TB patients, to check the readability of their work, so that 
the final material is within recommended readability refer-
ence parameters, to support the health literacy and treatment 
adherence of their readers, as well as maximising the value of 
the Patient Information Leaflet in independent, reliable and 
trusted TB information dessimination to TB patients globally.
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