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ABSTRACT
Objectives  To assess the cost-effectiveness of cytisine 
over and above brief behavioural support (BS) for smoking 
cessation among patients who are newly diagnosed with 
pulmonary tuberculosis (TB) in low-income and middle-
income countries.
Design  An incremental cost-utility analysis was 
undertaken alongside a 12-month, double-blind, two-arm, 
individually randomised controlled trial from a public/
voluntary healthcare sector perspective with the primary 
endpoint at 6 months post randomisation.
Setting  Seventeen subdistrict hospitals in Bangladesh 
and 15 secondary care hospitals in Pakistan.
Participants  Adults (aged ≥18 years in Bangladesh and 
≥15 years in Pakistan) with pulmonary TB diagnosed 
within the last 4 weeks who smoked tobacco daily 
(n=2472).
Interventions  Two brief BS sessions with a trained TB 
health worker were offered to all participants. Participants 
in the intervention arm (n=1239) were given cytisine 
(25-day course) while those in the control arm (n=1233) 
were given placebo. No significant difference was found 
between arms in 6-month abstinence.
Primary and secondary outcome measures  Costs 
of cytisine and BS sessions were estimated based on 
research team records. TB treatment costs were estimated 
based on TB registry records. Additional smoking cessation 
and healthcare costs and EQ-5D-5L data were collected 
at baseline, 6-month and 12-month follow-ups. Costs 
were presented in purchasing power parity (PPP) adjusted 
US dollars (US$). Quality-adjusted life years (QALYs) were 
derived from the EQ-5D-5L. Incremental total costs and 
incremental QALYs were estimated using regressions 
adjusting for respective baseline values and other baseline 
covariates. Uncertainty was assessed using bootstrapping.
Results  Mean total costs were PPP US$57.74 (95% CI 
49.40 to 83.36) higher in the cytisine arm than in the 
placebo arm while the mean QALYs were −0.001 (95% CI 

−0.004 to 0.002) lower over 6 months. The cytisine arm 
was dominated by the placebo arm.
Conclusions  Cytisine plus BS for smoking cessation 
among patients with TB was not cost-effective compared 
with placebo plus BS.
Trial registration number  ISRCTN43811467.

INTRODUCTION
In 2020, due to the impact of COVID-19 
pandemic, the number of newly diagnosed 
tuberculosis (TB) case notifications saw a 
big drop from 2019 while the number of 
people who died from TB increased due to 
reduced access to services at global, regional 
and country levels.1 Bangladesh (218 per 100 
000 population) and Pakistan (259 per 100 
000 population) are among the 16 countries 
that contributed most to the global shortfall 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Large sample size and high follow-up rate ensures 
robustness of the conclusion.

	⇒ Comprehensive patient-level data collection pro-
vides possibilities of further exploration or updating 
of the analyses.

	⇒ Trial across two countries posed challenges to 
value both costs and quality-adjusted life years 
comparably.

	⇒ Lack of up-to-date data sources of unit costs of 
healthcare services may affect the accuracy of the 
costs estimation.

	⇒ Eagerness of local staff participating in the trial 
may affect the generalisability of the intervention 
delivery.
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of TB notifications yet they are still on the WHO high-
burden countries lists for TB and multidrug-resistant 
TB or rifampicin-resistant TB.1 2 Meanwhile, the 2020 
estimates of current tobacco smoking rates were 18.5% 
in Bangladesh and 24.6% in Pakistan, with considerable 
imbalance between men and women.3 Previous evidence 
suggests that continued tobacco smoking among patients 
with TB is associated with unfavourable TB treatment 
outcomes.4 However, with the combined burden of TB 
and tobacco, support for smoking cessation for patients 
with TB is absent in both countries.5

TB treatment, lasting 6 months or longer, offers an 
opportunity for regular support for quitting smoking, 
if integrated properly. Newly diagnosed patients with 
TB who smoke might be more receptive to advice to 
quit due to their immediate health concerns.6 Due to 
limited resources, evidence-based approaches such as 
behavioural support (BS) and expensive pharmacother-
apies for smoking cessation cannot be implemented in 
many low-income and middle-income countries (LMICs). 
We have previously developed, in collaboration with local 
teams in Bangladesh and Pakistan, a brief BS integrated 
with routine TB appointment for smoking cessation.7 In 
the present study, over-and-above the BS, we examined 
the effectiveness and cost-effectiveness of the relatively 
low cost pharmacotherapy cytisine for smoking cessation 
in patients with TB.8

We conducted a 12-month, two-arm, parallel, double-
blind, placebo-controlled, multicentre, individually 
randomised trial in Bangladesh and Pakistan to compare 
cytisine plus BS for smoking cessation (cytisine arm: 
n=1239) with placebo plus BS (placebo arm: n=1233) 
among patients with pulmonary TB who smoke daily.9 
Biochemically-verified continuous abstinence at 6 
months (primary endpoint) was 32.4% (401/1239) in the 
cytisine arm and 29.7% (366/1233) in the placebo arm 
(Relative Risk [RR]=1.09, 95% CI 0.97 to 1.23) and, at 12 
months it was 24.9% (309/1239) and 22.3% (275/1233), 
respectively (RR=1.22, 95% CI 0.95 to 5.98), indicating 
no significant difference between arms in the primary 
outcome.10 This article reports a set of analyses to, respec-
tively: (1) evaluate the cost-utility, from a public or volun-
tary healthcare sector perspective, of adding cytisine to 
BS for smoking cessation in patients with TB who smoke; 
and (2) assess the financial burden in relation to tobacco 
use and healthcare from participants and their families’ 
perspective, and estimate productivity loss using lost 
income.

METHODS
Design
An incremental cost-utility analysis was conducted along-
side the randomised controlled trial (RCT) described 
above and elsewhere.9 10 The scheduled follow-ups were 
at 6 and 12 months post randomisation, with 6 months 
as the primary endpoint. Neither participants nor TB 
health workers were aware of participants’ arm allocation. 

Allocation was not revealed to health economists until 
database lock. Detailed information on procedures was 
provided in the study protocol.9

Participants
Adults (aged ≥18 in Bangladesh and ≥15 in Pakistan) 
with pulmonary TB diagnosed within the last 4 weeks who 
smoked tobacco on a daily basis and were interested in 
quitting were eligible.9 We excluded those who were diag-
nosed with TB complications (retreatment or any drug 
resistance), extrapulmonary TB, receiving streptomycin 
and/or para-aminosalicylic acid, using any pharmaco-
therapy for tobacco dependence, pregnant or planning 
to become pregnant, lactating or suffering from schizo-
phrenia or known to be diagnosed with epilepsy. Those 
who had myocardial infarction, stroke or an attack of 
severe angina within the previous 2 weeks, uncontrolled 
high blood pressure despite being on medication or 
severe renal impairment (requiring dialysis) were also 
excluded.

Between June 2017 and April 2018, 1527 participants 
from 17 subdistrict hospitals in Bangladesh and 945 
participants from 15 secondary care hospitals in Paki-
stan were randomised to the cytisine arm (n=1239) and 
the placebo arm (n=1233). The mean age was 42.5 (SD 
14.3) years in the cytisine arm and 42.4 (SD 14.2) years in 
the placebo arm. Men made up 99% of each arm (1227 
in the cytisine arm and 1221 in the placebo arm). By 6 
months follow-up, 70 participants died (36 in the cytisine 
arm and 34 in the placebo arm). A further 21 participants 
died after 6 months (13 in the cytisine arm and 8 in the 
placebo arm).

Intervention and comparator
Participants in the cytisine (intervention) arm were 
provided with cytisine (Desmoxan, Aflofarm, Pabianice, 
Poland) according to its standard regimen: 38 capsules 
on day 0 and another 62 capsules on day 5 (preset quit 
date), totalling 100 capsules over a 25-day course. The 
trial medication was in the form of 1.5 mg hard capsules 
for oral administration.9 10 Participants in the placebo 
(comparator) arm were given placebo capsules with 
identical appearance on the same dispensing schedule. 
In addition, participants in both arms were offered brief 
BS for smoking cessation delivered by trained TB health 
workers, accompanied with a leaflet containing informa-
tion on tobacco use and its interactions with TB for each 
participant. The BS was designed to be two face-to-face 
sessions on days 0 (10 minutes) and 5 (5 minutes). There-
fore, the intervention consisted of cytisine plus BS while 
the comparator was placebo plus BS.

Measures
All monetary outcomes were collected or valued in local 
currencies and inflated to their respective 2018 values,11 
where necessary, and converted to purchasing power 
parity adjusted US dollars (PPP US$) using the World 
Bank exchange rate in the same year (1 PPP US$=30.9 
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Bangladeshi Taka=29.3 Pakistani Rupees).12 PPP US$ 
accounts for the price and income difference between 
the two countries so that the monetary outcomes could 
be pooled together. Results of costs were presented in 
PPP US$ 2018 price.

Costs
Intervention costs
Intervention costs included costs of training and delivery 
(see online supplemental file 1). TB health workers 
were trained in brief BS for smoking cessation in a 2-day 
programme. The costs of training were estimated by the 
research team to be PPP US$14 183 in Bangladesh and 
PPP US$12 837 in Pakistan. Since all participants were 
scheduled to receive BS, the training cost was allocated to 
each participant evenly.

The uptake of BS was recorded on the case report form 
(CRF) on day 0. Staff costs for BS were estimated by multi-
plying the duration by the hourly wage rate. The cost of 
BS for the first and second session was PPP US$0.52 and 
PPP US$0.26 in Bangladesh and PPP US$0.75 and PPP 
US$0.38 in Pakistan. For those whose CRF showed not 
taking up BS, the cost of BS delivery was considered null. 
For those who accepted BS, the cost of the first session 
was applied and the cost of the second session was added 
provided they attended the follow-up on day 5. The 
smoking cessation information leaflet offered to each 
participant costed PPP US$0.16 in Bangladesh and PPP 
US$1.71 in Pakistan.

The manufacturer provided the distributor price as 
72.63 Polish złoty for 100 capsule pack (PPP US$42.27 in 
Bangladesh and PPP US$65.09 in Pakistan). By dispensing 
schedule, the medication dispensed on day 0 costed PPP 
US$16.05 in Bangladesh and PPP US$24.74 in Pakistan, 
and on day 5 it costed PPP US$26.21 in Bangladesh and 
PPP US$40.34 in Pakistan. The placebo capsules were 
assumed to incur no cost. All participants had at least the 
first dispense and those who missed follow-up on day 5 
were assumed not to receive the second dispense.

Costs of TB treatment, additional smoking cessation help and 
general healthcare services
Table 1 presents the unit costs of TB treatment by phase, 
additional smoking cessation services and general health-
care services estimated based on secondary sources and 
some assumptions and converted to PPP US$ 201812–22 
(for detailed methods of estimation see online supple-
mental file 1). TB treatment progression was estimated 
according to the TB registry card. The quantities of 
services use were collected by self-report at baseline, 
6-month and 12-month follow-ups (see online supple-
mental file 2 for CRF).

Out-of-pocket payments and productivity loss
Participants reported any spending in monetary form 
related to TB treatment, smoking cessation products and 
general healthcare services use, including travel, on CRFs 
at baseline, 6-month and 12-month follow-ups.

CRFs also collected participants’ time spent in TB 
clinics and doctor visits, including travel and waiting time, 
and if and how many times they were accompanied by a 
friend or relative. The productivity loss of a companion 
was estimated by multiplying the overall time spent by 
the companion by the societal average hourly wage in 
the country.20 21 We assumed that all companions were 
employed. Participants’ productivity loss was estimated 
based on their self-reported duration of sick leave from 
work. Participants’ hourly wages were extracted from 
secondary sources based on their occupation category and 
gender,20 21 with those reported in open question reclas-
sified according to the International Standard Classifica-
tion of Occupations (online supplemental file 3, table 
S1).23 Those who were unemployed, retired, students or 
home makers were assumed to incur no productivity loss 
in the case of sick leave.

Quality-adjusted life years
The EQ-5D-5L developed by the EuroQol Group was used 
to measure health-related quality of life,24 at baseline, 

Table 1  Unit costs of TB treatment, smoking cessation services and healthcare services

Cost items

Unit cost (PPP US$, 2017/2018)

SourcesBangladesh Pakistan

TB treatment

 � First-line treatment, intensive phase, including drugs 54.21 per month 108.40 per month 12–15

 � First-line treatment, continuation phase, including drugs 31.62 per month 63.24 per month

Smoking cessation services

 � Help or advice from public/government clinic/hospital 0.68 per use 0.89 per use 12 19–21

 � Group or single counselling session at public/voluntary clinic 0.94 per session 1.26 per session 12 18 20 21

General healthcare services

 � Doctor visit 4.60 per visit 6.83 per visit 11 12 22

 � Hospital inpatient 19.06 per bed-day 33.14 per bed-day 11 12 22

PPP, purchasing power parity; TB, tuberculosis; US$, US dollars.
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6-month and 12-month follow-ups, as part of the CRFs. 
The EQ-5D-5L consists of a descriptive system of five 
domains (mobility, self-care, usual activities, pain/discom-
fort and anxiety/depression), and a Visual Analogue 
Scale (VAS) valuing the overall health on the day. The 
VAS score ranges from 0 (death) to 100 (perfect health). 
Each domain of the descriptive system has five levels 
of capacity, ranging from having no problem to having 
severe problems. A complete descriptive system could be 
converted to a utility value using an appropriate tariff.

In the absence of country-specific valuation sets for 
Bangladesh and Pakistan, we used the valuation set of 
Zimbabwe based on crosswalk function to calculate 
utility,25 as its gross domestic product per capita in PPP 
US$ (2381.22) was the closest to that of the two countries 
of interest (Bangladesh: 4598.39 and Pakistan: 5714.03) 
at the time of the analysis.26 Quality-adjusted life years 
(QALYs) were derived using the area under the curve 
approach.27

Analyses
All analyses were performed using Stata/SE V.16.0.

Missing data
For the baseline covariates, missing values were imputed 
by the mean of the variable in the pooled sample in the 
same country. This was the information that was unre-
lated to the intervention and the randomisation func-
tioned to balance the two arms.28 The missing values 
in the follow-up variables were handled using multiple 
imputation method, following Rubin’s rule and assuming 
missing at random (MAR),29 unless it was due to death. 
Missing values due to death were replaced with zero or 
not applicable (n/a) depending on the nature of vari-
able. An imputation model was developed to include all 
the variables necessary for the analysis and the number 
of imputations was set as approximately the highest 
percentage figure of missing data.30 The imputation was 
performed by trial arms and on condition of being alive.

Primary analysis
The primary analysis was an incremental cost-utility anal-
ysis over 6 months post randomisation from a public or 
voluntary healthcare sector perspective. This included 
service providers that were classified as government, non-
profit organisations and charitable organisations. It was 
undertaken on an intention-to-treat basis, including all 
randomised participants in the arms to which they were 
allocated.

Total costs at 6 months consisted of intervention costs, 
TB treatment costs, additional public/voluntary smoking 
cessation costs and public/voluntary healthcare services 
costs in the 6 months post randomisation. Mean total costs 
and mean QALYs were estimated for each arm and no 
discounting was applied for the 6 months period. Incre-
mental mean total costs and incremental mean QALYs 
were estimated by a mixed effect generalised linear 
regression model, adjusting for their respective baseline 

values (total costs in the 6 months before randomisation 
for total costs; baseline EQ-5D-5L utility for QALYs), age, 
gender and country, with study site as random-effects. 
An incremental cost-effectiveness ratio (ICER) was calcu-
lated by dividing the incremental mean total costs by the 
incremental mean QALYs.

Since there are no official willingness-to-pay (WTP) 
thresholds in either Bangladesh or Pakistan, the estimated 
WTPs for Bangladesh and Pakistan based on income 
elasticity of value of health, inflated to 2018 (maximum 
WTP: Bangladesh: PPP US$1473 per QALY gained and 
Pakistan: PPP US$2431 per QALY gained), were used to 
compare with the ICERs, if applicable.31

Because neither costs nor QALYs were normally distrib-
uted, we used a non-parametric bootstrap technique to 
assess the uncertainty, generating 5000 replicate samples. 
The results were used to construct 95% CIs of the incre-
mental costs and QALYs. They were then plotted on a 
cost-effectiveness plane (CEP) to demonstrate the uncer-
tainty surrounding the ICER. Cost-effectiveness accept-
ability curves (CEACs) were constructed from these 
bootstrapped replicates by converting ICER to net mone-
tary benefit.32

A separate cost-effectiveness analysis using smoking 
abstinence rate at 6 months follow-up as effect measure 
was planned but not undertaken because no statistically 
significant difference was found between arms for this 
outcome measure per prespecified effect size.10 Given 
that it is not clinically effective, it could not be cost-
effective using this measure.

Sensitivity analyses
We undertook a complete case analysis (CCA) on the 
participants who had complete outcome and covariates 
data to provide a comparison with the primary anal-
ysis based on imputed data. We examined the MAR 
assumption that supports the multiple imputation by 
undertaking sensitivity analyses based on missing not at 
random assumptions using a practical approximation 
to the pattern mixture model:28 (1) imputed total costs 
were increased by 10%, 20% and 30% and (2) imputed 
QALYs were reduced by between 10%, 20% and 30%. To 
assess the impact of choice of EQ-5D-5L tariff, we took the 
validated population valuation sets from countries in the 
southeast Asia area (ie, Indonesia, Malaysia, Thailand) 
and the crosswalk functions of the UK and Thailand to 
calculate utility for comparison.25 33–35

Secondary analyses
The first secondary analysis followed the methods of the 
primary analysis, extending time horizon to a 12-month 
period. No discounting was applied as this was not longer 
than 1 year. We summarised participants’ out-of-pocket 
payments (OOPs) in relation to TB treatment, smoking 
cessation and healthcare services by arm, at both 6 and 
12 months. Productivity losses of participants’ sick leave 
and their companion to treatment and money spent on 
any forms of tobacco were also summarised. We have also 
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repeated the analysis by countries following the same 
methods of the primary analysis above.

Patient and public involvement
Patient groups were consulted on the intervention mate-
rials for their lucidness during the intervention devel-
opment stage. No other patient and public involvement 
occurred in the study process.

RESULTS
Missing data
The results of observed cases are presented in online 
supplemental file 1. The proportion of missing data at 
baseline was low (online supplemental file 3, table S2). 
The greatest percentage of missing data level was 12% 
of participants’ OOPs for smoking cessation at 6 months 
follow-up, followed by the same variable at 12 months 
(10%).

Although the level of missingness did not differen-
tiate between arms, most of the missingness of follow-up 
variables was significantly associated with country. The 
missingness of OOP for smoking cessation in months 
1–6 was weakly associated with participants’ age (online 
supplemental file 3, table S3). Using a logistic regression 
for missingness of follow-up variables on their respective 
previously observed values (eg, missingness of costs at 6 
months on costs at baseline), most results were not statis-
tically significant (p>0.05), with few exceptions. These 
results supported the MAR assumption. The imputation 
number was set to 15.

Primary analysis
The mean costs of smoking cessation and healthcare 
services in the 6 months before baseline were PPP 
US$10.36 (SE PPP US$1.74) in the cytisine arm and 
PPP US$8.52 (SE PPP US$1.41) in the placebo arm. The 
mean total costs over the 6 months post randomisation 
were PPP US$401.52 (SE PPP US$8.91) in the cytisine 
arm and PPP US$334.73 (SE PPP US$5.85) in the placebo 
arm (table 2). Costs of additional smoking cessation were 
negligible in both arms. The mean costs of hospital stay 
in the cytisine arm were almost twice those in the placebo 
arm. The incremental total costs were PPP US$57.74 (95% 
CI PPP US$49.40 to PPP US$83.36). The mean QALYs 
were 0.395 (SE 0.002) in the cytisine arm and 0.398 (SE 
0.002) in the placebo arm. The incremental QALYs were 
−0.001 (95% CI −0.004 to 0.002). The majority (78.1%, 
3905/5000) of the bootstrapped replicates fell in the 
north-west quadrant of CEP, indicating a more costly, but 
less effective intervention (figure 1, left). The CEAC was 
not presented as it was a straight line at 0% probability 
of cost-effectiveness at the WTP range from PPP US$0 to 
PPP US$1473 per QALY gained for Bangladesh or PPP 
US$2431 per QALY gained for Pakistan.

Sensitivity analyses
The CCA was performed on 1122 participants in the 
cytisine arm and 1116 participants in the placebo arm. 
The results were similar to that of the primary analysis 
(table 2, right). The overall majority (91%, 4550/5000) 
of the bootstrapped replicates fell in the north-west 

Table 2  Results of primary and complete cases analyses at 6 months post randomisation

Primary analysis Complete case analysis

Cytisine
(n=1239)

Placebo
(n=1233)

Cytisine
(n=1122)

Placebo
(n=1116)

Costs (PPP US$) Mean (SE) Mean (SD)

Intervention 60.65 (0.41) 12.37 (0.08) 61.25 (13.83) 12.15 (2.69)

TB treatment 305.15 (3.36) 301.83 (3.36) 306.53 (109.96) 301.36 (108.09)

Doctor visit 3.36 (0.37) 3.10 (0.31) 3.47 (13.17) 3.14 (10.58)

Hospital stay 31.91 (7.73) 16.98 (4.41) 33.08 (275.18) 17.26 (151.58)

Smoking cessation 0.46 (0.03) 0.45 (0.03) 0.49 (1.19) 0.49 (1.13)

Overall total for 6 months 401.52 (8.91) 334.73 (5.85) 404.82 (311.99) 334.39 (196.52)

PPP US$, mean (95% CI)

Adjusted incremental costs 57.74 (49.40 to 83.36) 59.49 (51.95 to 89.30)

 �  Mean (SE) Mean (SD)

QALYs over 6 months 0.395 (0.002) 0.398 (0.002) 0.401 (0.041) 0.403 (0.039)

QALYs, mean (95% CI)

Adjusted incremental QALYs −0.001 (−0.004 to 0.002) −0.001 (−0.003 to 0.000)

ICER Cytisine dominated by placebo 
(uncertainty, see figure 1 left)

Cytisine dominated by placebo 
(uncertainty, see figure 1 right)

ICER, incremental cost-effectiveness ratio; PPP, purchasing power parity; QALYs, quality-adjusted life years; TB, tuberculosis; US$, US 
dollars.
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quadrant of CEP (figure  1, right), indicating a more 
costly, but less effective intervention. This was consistent 
with the primary analysis.

Under scenario (1), when the imputed costs were 
increased by 10%, 20% and 30%, the incremental costs 
became PPP US$58.32, PPP US$58.91 and PPP US$59.51, 
respectively. Under scenario (2), when the imputed 
QALYs were reduced by 10%, 20% and 30%, the incre-
mental QALYs were −0.001 to –0.001 and −0.000, respec-
tively. None differed far from the primary analysis results.

Using tariffs derived in different countries or with 
different approaches, the incremental QALYs between 
arms varied (figure  2), but the level of difference was 
not prominent and the general pattern between arms 
remained the same.

Secondary analyses
The addition of the costs in months 7–12 increased the 
mean total costs over 12 months to PPP US$408.31 (SE 
PPP US$10.03) in the cytisine arm and PPP US$341.83 
(SE PPP US$6.50) in the placebo arm. The incremental 
costs were PPP US$56.72 (95% CI PPP US$46.58 to PPP 

US$86.00), similar to those over the 6 months post rando-
misation. By contrast, as the time horizon doubled, the 
QALYs became almost twice as high as over the 6-month 
period, which led to a larger difference in mean QALYs 
between arms. The mean QALYs were 0.808 (SE 0.004) in 
the cytisine arm and 0.814 (SE 0.004) in the placebo arm. 
The incremental QALYs were −0.004 (95% CI −0.013 
to 0.005). The cytisine arm remained dominated by the 
placebo arm, with 77% (4007/5000) of the bootstrapped 
estimates indicating a less effective, but more costly 
intervention.

Over the 12 months follow-up period, the mean OOPs 
were PPP US$108.91 (SE PPP US$19.79) in the cytisine 
arm and PPP US$81.74 (SE PPP US$11.73) in the 
placebo arm. The main cost driver was OOP for doctor 
visits in both arms, while in the cytisine arm participants 
also spent more on hospital stays (table 3). This pattern 
was consistent with costs from the public or voluntary 
healthcare sector’s perspective. Productivity losses mostly 
occurred before and during TB treatment period and 
decreased considerably in the last 6 months of the trial. 
The OOP for tobacco products dropped after randomisa-
tion in both arms but remained stable throughout the 12 
months period post randomisation, which was consistent 
with the quit rates observed in both arms.

The cost-utility analyses by country did not lead to 
different conclusions from the primary analysis. In 
Bangladesh, the adjusted incremental costs were PPP 
US$37.06 (95% CI PPP US$28.12 to PPP US$43.85) and 
the adjusted incremental QALYs were −0.003 (95% CI 
−0.006 to 0.000) with the cytisine arm remaining domi-
nated by the placebo arm. In Pakistan, the adjusted 
incremental costs were PPP US$108.46 (95% CI PPP 
US$69.69 to PPP US$157.88) and the adjusted incre-
mental QALYs were 0.001 (95% CI −0.004 to 0.008). 
The ICER was calculated at PPP US$108 464 per QALY, 
which was much higher than the adopted maximum WTP 
threshold PPP US$2431 per QALY. The cost-effectiveness 
plane also shows that cytisine plus BS had 0% of being 
cost-effective within the adopted WTP threshold range 
in both countries (online supplemental file 1). However, 
the breakdown of total costs by country indicated that 
the higher mean costs of hospital stay in the cytisine arm 
were mostly contributed by the cytisine arm in Pakistan 
(PPP US$78.12 vs PPP US$32.70 in placebo arm). While 
in Bangladesh, the mean costs of hospital stay were PPP 
US$3.07 (SE PPP US$1.62) in the cytisine arm and PPP 
US$7.34 (SE PPP US$3.82) in the placebo arm. A further 
examination also showed possible outliers in the cytisine 
arm in Pakistan. The improvement in utility from base-
line to 6 months was more manifest in Bangladesh than 
in Pakistan, regardless of the arms. Detailed results are 
presented in online supplemental file 1.

DISCUSSION
The intervention cost was PPP US$60.65 (SE PPP US$0.41) 
per participant in the cytisine arm and PPP US$12.37 (SE 
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PPP US$0.08) per participant in the placebo arm. The 
difference was mainly attributed to cytisine medication. 
The incremental total costs at 6 months post randomi-
sation were estimated at PPP US$57.74 (95% CI PPP 
US$49.40 to PPP US$83.36) while the incremental QALYs 
were estimated at −0.001 (95% CI −0.004 to 0.002). These 
results indicated that adding cytisine to brief BS for quit-
ting smoking was unlikely to be cost-effective. The sensi-
tivity analyses confirmed the robustness of this conclusion. 
Extending the time horizon to 12 months did not change 
the conclusion.

While the observed quit rates were not statistically 
significantly different between arms,10 participants’ OOP 
for tobacco products on average dropped by nearly two-
thirds after randomisation indicating a reduction of 
tobacco consumption. The higher than expected produc-
tivity loss, OOPs for doctor visits and TB treatment before 
baseline might be because participants had experienced 
some symptoms and sought medical attention before TB 
was diagnosed. It was unclear, however, why participants 
in the cytisine arm reported more and longer hospital 

stays than the placebo arm in Pakistan. Our process 
evaluation study found some difference in interven-
tion delivery between countries,36 37 but we did not find 
evidence of differential TB treatment outcomes between 
trial arms in Pakistan,10 and the same situation was not 
observed in Bangladesh. This might indicate a potential 
country-related contextual reason rather than the effect 
of the intervention or occurrence by chance. Subgroup 
analyses by patient characteristics and deterministic sensi-
tivity analysis of key parameters were not planned because 
of the lack of clear underlying hypotheses. Moreover, 
limited by the research capacity, the sample size of the 
subgroups was likely to be insufficient to produce valid 
results.

The strength of the study stems from the large sample 
size and high follow-up rates. Despite limitations of 
published data availability, patient level measures were 
collected using a comprehensive questionnaire to enable 
a full cost-utility analysis to be undertaken. However, 
several limitations could potentially affect the results. 
First, our estimated costs could be an underestimation. 

Table 3  Mean out-of-pocket payments for health-related services, productivity loss and payments for tobacco products at 
three time points, by arm

PPP US$
Mean (SE) Cytisine (n=1239) Placebo (n=1233)

Six months before baseline

 � OOPs for health-related services 84.90 (7.91) 86.70 (6.80)

 � TB treatment 15.60 (1.69) 19.71 (3.42)

 � Doctor visit 62.29 (6.90) 63.96 (5.67)

 � Hospital stay 6.97 (2.87) 3.02 (0.80)

 � Smoking cessation 0.04 (0.02) 0.01 (0.01)

 � Productivity loss 34.01 (2.14) 30.41 (1.81)

 � OOPs for tobacco products 1.79 (0.14) 1.64 (0.07)

Months 1–6

 � OOPs for health-related services 69.70 (10.62) 51.08 (9.32)

 � TB treatment 22.16 (2.51) 16.24 (1.30)

 � Doctor visit 29.49 (7.52) 22.65 (6.08)

 � Hospital stay 17.65 (5.90) 11.89 (6.53)

 � Smoking cessation 0.40 (0.09) 0.30 (0.06)

 � Productivity loss 48.83 (3.00) 43.52 (3.14)

 � OOPs for tobacco products 0.51 (0.03) 0.50 (0.03)

Months 7–12

 � OOPs for health-related services 39.21 (16.11) 30.66 (6.72)

 � TB treatment 5.03 (1.43) 4.55 (0.92)

 � Doctor visit 13.05 (2.41) 20.42 (5.22)

 � Hospital stay 21.08 (15.80) 5.64 (2.89)

 � Smoking cessation 0.04 (0.02) 0.05 (0.02)

 � Productivity loss 6.06 (0.58) 8.32 (0.97)

 � OOPs for tobacco products 0.61 (0.03) 0.58 (0.02)

OOPs, out-of-pocket payments; PPP, purchasing power parity; TB, tuberculosis; US$, US dollars.
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We observed that some health workers discussed smoking 
cessation during several routine TB consultations and 
some research assistants delivered the study drug to 
participants if they had missed day 5 follow-up. TB treat-
ment costs were estimated based on simplified scenarios. 
Intensive treatments in the case of deterioration, death 
or retreatment were not considered. Costs of general 
medication were not included because our unit costs 
data source for healthcare services did not include them. 
However, this should not bias the results towards either 
arm. Second, the data source of unit costs of healthcare 
services was last updated in 2010. Certain changes may not 
be accounted for by simple inflation. While an up-to-date 
data source was not available at the time of analysis, the 
results could be updated when it becomes available as the 
service use was collected in quantities. Third, productivity 
loss in the case of death was considered zero but if a life-
time observation or modelling were undertaken produc-
tivity loss due to premature death should be included. 
Given the large sample size and few deaths that occurred, 
this was unlikely to affect the conclusions. Last but not 
least, our sample consisted mostly of men. This reflected 
the low daily tobacco smoking rate among women in both 
countries at the time of the trial (0.8% in Bangladesh and 
2.0% in Pakistan).5 There may therefore be challenges in 
making inferences to women in these countries.

To our knowledge, this is the first cost-utility study of 
cytisine as a smoking cessation aid alongside an RCT and 
one of few for smoking cessation intervention in LMICs. 
A systematic review published in 2019 identified eight 
placebo-controlled trials and one non-inferiority trial 
(using nicotine replacement therapies) that used cytisine 
for smoking cessation, all of which were among smokers 
in general population and only one was conducted in 
LMICs.8 Although cytisine has been identified as afford-
able globally,38 its cost-effectiveness in smoking cessation 
was based on modelled economic evaluation not empir-
ical evidence.39 Our study illustrated that though less 
costly than other cessation aids, cytisine did not show 
sufficient effects to be considered cost-effective.

Our findings do not support the cost-effectiveness of 
adding cytisine to BS for smokers who are newly diag-
nosed with pulmonary TB. In the absence of more effec-
tive smoking cessation aid, future studies should explore 
the cost-effectiveness of non-pharmacological cessation 
interventions in LMICs, given the relatively lower costs of 
labour and possible impact of smoking-related comorbid-
ities on quality of life in the TB population.
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Detailed methods and results of secondary analyses 

Methods 

Cytisine dosage schedule 

The standard regimen for cytisine (Desmoxan, Aflofarm) was a 25-day course with 1.5mg hard 

capsules for oral administration, with six per day on days 1-3, five per day on days 4-12, four per day 

on days 13-16, three per day on days 17-20, two per day on days 21-24 and one on the last day. 

Intervention costs 

Training for the delivery of brief behavioural support was given to TB health workers before the trial 

began. In Bangladesh, it was a one-day training programme with a one-day refresher training and 

the total cost was estimated to be €4499 in 2017. In Pakistan, this consisted of a two-day training 

programme for DOTS facilitators and the total cost was estimated at €2324 in 2016. 

In Bangladesh, the average monthly salary of a TB health worker (local salary grades G-11 to G-13) 

was PPP US$649.84, and average working hours per week was 48 hours.1 In Pakistan, the average 

monthly salary of a TB health worker was PPP US$921.50 and average working hours per week was 

47.4 hours.2 We assumed a 30-day month as 4.3 weeks. The estimated hourly wage was therefore 

PPP US$3.17 in Bangladesh and PPP US$4.54 in Pakistan. The cost of BS was PPP US$0.52 for the first 

session and PPP US$0.26 for the second session in Bangladesh and PPP US$0.75 and PPP US$0.38 in 

Pakistan. 

TB treatment costs 

The standard treatment for pulmonary TB consisted of a two-month intensive phase and a four-

month continuation phase. We extracted the overall costs of a six-month TB treatment for the two 

countries from the World Health Organization (WHO) TB database3 and applied a ratio of costs of 

the two phases, based on a TB treatment modelling study,4 to produce an estimate of monthly cost 

of intensive phase and continuation phase respectively. They were then converted to PPP US$.5 6 The 

TB treatment costs were then estimated based on the participants’ treatment progression on their 
TB registry cards. 

Smoking cessation costs outside of the trial 

Due to the limited smoking cessation services in the two countries,7 8 we made assumptions on 

duration, based on usual practice in the UK:9 10 10-minute brief intervention with professionals 

(physician or professional nurse) for help/advice from a public/government clinic/hospital; one hour 

group session of 15 people or 30-minute individual session led by medical technicians/auxiliary 

nurses for counselling sessions in public/voluntary hospital. The ratio of group and individual 

sessions was assumed to be 1:1. The average hourly wage was PPP US$4.14 for “professionals” and 
PPP US$3.33 for “technicians and associate professionals” in Bangladesh, and PPP US$5.29 for 

“professionals” and PPP US$4.51 for “technicians and associate professionals” in Pakistan.1 2 5 

General healthcare services costs 

Participants’ visits to a public/voluntary doctor and length of stay in a public hospital in the previous 
six months were collected by self-report at baseline, 6- and 12-month follow-ups. The unit costs of 

these services were extracted from the WHO country specific in- and out-patient costs, inflated to 

2018 and converted to PPP US$.5 11 12 The unit cost of hospital inpatient stay was the average of all 

hospital levels and the unit cost of a visit to doctor was the average of all settings for outpatient. 

These costs did not include drugs. 
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Out-of-pocket payments (OOPs) 

Participants’ spending related to following items were collected: TB treatment, public/voluntary 

doctor and hospital visits, and private doctor and hospital visits, including travel, smoking cessation 

services in public/voluntary facilities and private settings, purchasing Nicotine Replacement Therapy 

(NRT) or e-cigarette refills, purchasing other traditional medicine for quitting, and purchasing 

tobacco products. 

Results 

Costs 

Mean training costs were PPP US$10.94 (SD PPP US$2.09) per participant in the cytisine arm and PPP 

US$10.92 (SD PPP US$2.09) per participant in the placebo arm. Mean cost of the information leaflet 

was PPP US$0.76 (SD PPP US$0.75) in the cytisine arm and PPP US$0.75 (SD PPP US$0.75) in the 

placebo arm. Mean cost of BS was PPP US$0.68 (SD PPP US$0.36) among 1233 participants in the 

cytisine arm and PPP US$0.70 (SD US$0.36) among 1226 participants in the placebo arm. Mean cost 

of cytisine was PPP US$48.27 (SD PPP US$12.54) while the cost of placebo was assumed at zero. 

Mean costs of TB treatment were estimated to be PPP US$307.39 (SD PPP US$110.25) in the cytisine 

arm and PPP US$302.45 (SD PPP US$108.53) in the placebo arm, excluding 102 (8.2%) participants in 

the cytisine arm and 103 (8.4%) in the placebo arm who did not have information from TB cards at 

six-month follow-up (Table 1). The use of smoking cessation support was reported by a small group 

of participants in both arms. Mean costs of public/voluntary smoking cessation services were low in 

both arms throughout the 12 months period. Most participants reported neither visiting a doctor 

other than for their TB treatment nor being admitted to hospital for any reason. While mean costs of 

doctor visits were similar between respondents in both arms throughout the trial period, mean costs 

of hospital stay in the cytisine arm were nearly twice as high as in the placebo arm in months 1-6. 

Out-of-pocket payments 

The respondents reported an increase of spending on smoking cessation in months 1-6 compared to 

close to none before and after, corresponding with the intervention delivery and TB treatment 

period. Mean spending on tobacco was lower during the trial period than before among 

respondents. However, in comparison with the spending on smoking cessation, the spending on 

tobacco was consistently higher. The OOPs for healthcare services, including travel, loosely followed 

the same pattern of the costs of the services (Table 1). 

Table 1 Mean (SD) costs and OOPs of TB treatment, additional smoking cessation services and general healthcare services, 

and OOPs on tobacco products, by arm 

 Cytisine (n=1239) Placebo (n=1233) 

n Mean (SD) 

PPP US$ 

n Mean (SD) 

PPP US$ 

TB treatment costs 

TB registry 1137 307.39 (110.25) 1130 302.45 (108.53) 

Additional smoking cessation costs 

Six months before baseline 1239 0.00 (0.10) 1233 0.00 (0.09) 

Months 1-6 1174 0.47 (1.17) 1164 0.47 (1.11) 

Months 7-12 1134 0.22 (0.75) 1144 0.21 (0.77) 

Doctor visit costs 

Six months before baseline 1239 3.26 (14.27) 1232 3.48 (23.44) 

Months 1-6 1176 3.39 (12.96) 1166 3.04 (10.39) 
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Months 7-12 1148 1.27 (4.73) 1157 1.12 (4.58) 

Hospital stay costs 

Six months before baseline 1237 6.77 (57.79) 1231 4.84 (43.25) 

Months 1-6 1175 31.58 (268.99) 1166 16.52 (148.33) 

Months 7-12 1148 5.01 (80.30) 1157 5.87 (94.86) 

Additional smoking cessation OOPs 

Six months before baseline 1236 0.04 (0.75) 1230 0.00 (0.09) 

Months 1-6 1091 0.34 (2.72) 1080 0.28 (1.95) 

Months 7-12 1110 0.05 (0.61) 1115 0.05 (0.56) 

Tobacco OOPs 

Six months before baseline 1229 1.79 (5.05) 1224 1.64 (2.35) 

Months 1-6 1177 0.50 (1.03) 1166 0.48 (0.91) 

Months 7-12 1148 0.58 (0.92) 1157 0.57 (0.75) 

TB treatment OOPs 

Six months before baseline 1238 15.45 (59.42) 1233 19.71 (119.96) 

Months 1-6 1174 22.00 (85.28) 1164 15.77 (42.34) 

Months 7-12 1148 5.03 (48.72) 1156 4.36 (30.50) 

Doctor visit OOPs 

Six months before baseline 1233 61.53 (243.17) 1227 63.21 (199.10) 

Months 1-6 1173 27.49 (238.38) 1158 22.07 (216.35) 

Months 7-12 1148 13.28 (84.58) 1157 19.07 (162.71) 

Hospital stay OOPs 

Six months before baseline 1237 6.91 (101.21) 1231 3.01 (28.19) 

Months 1-6 1173 16.65 (200.58) 1164 11.72 (220.92) 

Months 7-12 1148 17.20 (460.84) 1157 5.65 (99.21) 

 

Productivity loss 

Among the respondents, while the mean productivity loss peaked in months 1-6 as expected, it was 

higher than expected in the six months before baseline, most prominently reflected by productivity 

loss due to participants’ sick leave (Table 2). This might correspond with productivity loss due to 

companion to TB clinic in the six months before baseline, which was consistent with participants’ 
OOPs for TB clinic during the same period. 

Table 2 Mean (SD) productivity loss of companion to TB clinic, doctor, and participants' sick leave, by arm 

 Cytisine (n=1239) Placebo (n=1233) 

n Mean (SD) 

PPP US$ 

n Mean (SD) 

PPP US$ 

Companion to TB clinic 

Six months before baseline 1232 4.62 (9.01) 1228 4.48 (7.73) 

Month 1 – 6 1134 13.45 (21.55) 1127 12.43 (19.86) 

Month 7 – 12 1145 2.01 (7.40) 1152 2.33 (7.19) 

Companion to doctor 

Six months before baseline 1203 2.10 (9.15) 1196 1.87 (6.05) 

Month 1 – 6 1126 3.35 (13.22) 1116 2.65 (8.44) 

Month 7 – 12 1143 0.37 (2.82) 1151 0.56 (4.82) 

Sick leave 

Six months before baseline 1230 27.14 (73.17) 1227 23.82 (61.12) 

Month 1 – 6 1194 31.98 (100.27) 1171 28.52 (107.49) 
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 Cytisine (n=1239) Placebo (n=1233) 

n Mean (SD) 

PPP US$ 

n Mean (SD) 

PPP US$ 

Month 7 – 12 1163 3.62 (18.24) 1160 5.14 (28.21) 

 

Quality-adjusted life years 

In the EQ-5D-5L descriptive system, the domains with least proportion of respondents scoring no 

problem were Pain/Discomfort and Anxiety/Depression at all three time points although the 

proportion increased after baseline (Table 3). 

Table 3 Number and percentage of respondents scoring five levels of each domain of EQ-5D-5L, by arm and time point 

Domains Mobility Self-care Usual activities Pain/ 

Discomfort 

Anxiety/ 

Depression 

 Cytisin

e 

Place

bo 

Cytisin

e 

Place

bo 

Cytisin

e 

Place

bo 

Cytisin

e 

Place

bo 

Cytisin

e 

Place

bo 

Baseline 

1 731 746 985 993 655 654 413 426 407 411 

59% 61% 79% 81% 53% 53% 33% 35% 33% 33% 

2 315 291 190 163 380 373 447 462 453 463 

25% 24% 15% 13% 31% 30% 36% 38% 37% 38% 

3 140 143 49 58 133 146 250 227 232 231 

11% 12% 4% 5% 11% 12% 20% 18% 19% 19% 

4 50 51 12 16 55 52 114 104 112 98 

4% 4% 1% 1% 4% 4% 9% 8% 9% 8% 

5 3 2 3 1 14 8 14 13 33 29 

0% 0% 0% 0% 1% 1% 1% 1% 3% 2% 

Total 1239 1233 1239 1231 1237 1233 1238 1232 1237 1232 

Six months 

1 985 992 1077 1078 945 960 753 778 818 829 

86% 88% 94% 95% 83% 85% 66% 69% 72% 73% 

2 119 116 56 44 171 147 364 325 287 260 

10% 10% 5% 4% 15% 13% 32% 29% 25% 23% 

3 25 13 7 8 19 18 19 20 28 29 

2% 1% 1% 1% 2% 2% 2% 2% 2% 3% 

4 12 10 2 2 5 5 6 7 8 12 

1% 1% 0% 0% 0% 0% 1% 1% 1% 1% 

5 2 1 1 0 3 1 1 1 2 1 

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Total 1143 1132 1143 1132 1143 1131 1143 1131 1143 1131 

12 months 

1 994 1020 1059 1082 968 996 755 780 826 833 

90% 91% 96% 97% 88% 89% 69% 70% 75% 75% 

2 86 75 33 24 115 101 299 284 226 238 

8% 7% 3% 2% 10% 9% 27% 26% 21% 21% 

3 11 12 6 2 12 10 35 34 33 28 
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1% 1% 1% 0% 1% 1% 3% 3% 3% 3% 

4 8 6 3 4 4 5 9 13 8 13 

1% 1% 0% 0% 0% 0% 1% 1% 1% 1% 

5 3 2 1 1 3 1 3 2 4 1 

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Total 1102 1115 1102 1113 1102 1113 1101 1113 1097 1113 

Levels for each domain: 1=no problem, 2=slight problem, 3=moderate problem, 4=severe problem, 

5=extreme problem/inability 

 

Table 4 shows mean EQ-5D-5L utility and VAS among observed cases at baseline, 6 and 12 months 

follow-ups and QALYs over 6 and 12 months period. Mean utility in the cytisine arm appeared to be 

consistently lower than in the placebo arm at all timepoints though the difference was small. The 

mean QALYs were therefore lower in the cytisine arm than in the placebo arm. However, it should 

be noted, only those who had data on all relevant timepoints were included in calculating QALYs. 

The EQ-5D VAS showed a similar pattern where both arms began at similar level but in the cytisine 

arm, the observed cases scored slightly lower than those in the placebo arm in the follow-ups. 

Table 4 Mean (SD) EQ-5D-5L utility, EQ-5D VAS and QALYs, by arm 

 Cytisine (n=1239) Placebo (n=1233) 

n Mean (SD) n Mean (SD) 

Utility 

Baseline 1234 0.754 (0.133) 1229 0.759 (0.130) 

6 months 1179 0.825 (0.165) 1164 0.831 (0.161) 

12 months 1144 0.822 (0.189) 1149 0.829 (0.176) 

QALYs 

Over 6 months 1174 0.394 (0.056) 1160 0.397 (0.054) 

Over 12 months 1129 0.805 (0.134) 1122 0.810 (0.128) 

VAS 

Baseline 1239 53.5 (15.4) 1233 53.5 (16.0) 

6 months 1179 80.5 (20.3) 1165 81.3 (19.8) 

12 months 1150 84.0 (21.8) 1156 84.7 (20.7) 

 

Cost-utility analysis by country 

The mean costs of smoking cessation and healthcare services in the six months before baseline were 

PPP US$18.33 (SE PPP US$3.65) in Pakistan and PPP US$5.40 (SE PPP US$1.65) in Bangladesh in the 

cytisine arm. In the placebo arm, the mean costs of these two types of services were PPP US$16.35 

(SE PPP US$3.55) in Pakistan and PPP US$3.72 (SE PPP US$0.55) in Bangladesh. 

The mean costs of intervention were PPP US$74.37 (SE PPP US$0.68) in the cytisine arm and PPP 

US$15.84 (SE PPP US$0.03) in the placebo arm in Pakistan. The mean costs of intervention were PPP 

US$52.10 (SE PPP US$0.13) in the cytisine arm and PPP US$10.23 (SE PPP US$0.00) in the placebo 

arm in Bangladesh. 

The mean costs of TB treatment in the two arms were on a similar level within each country, over 

PPP US$400 in Pakistan and over PPP US$200 in Bangladesh. The mean costs of doctor visits were 

very similar between arms in Bangladesh, but they were slightly higher in the cytisine arm in 

Pakistan (PPP US$3.17 vs PPP US$2.66). The most prominent difference was in the mean costs of 
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hospital stay. In Pakistan, the mean costs of hospital stay were considerably higher in the cytisine 

arm (PPP US$78.12 [SE PPP US$19.80]) than in the placebo arm (PPP US$32.70 [SE PPP US$9.76]). 

On the contrary, in Bangladesh, the mean costs of hospital stay in the placebo arm (PPP US$7.35 [SE 

PPP US$3.82]) were over twice as high as in the cytisine arm (PPP US$3.07 [SE PPP US$1.62]). The 

mean costs of smoking cessation services were not different between arms within each country. 

However, there were nearly null costs incurred in Pakistan. 

Upon further investigation, more participants had hospital stays in Pakistan than in Bangladesh, 

regardless of which arm they were in. Among participants who incurred hospital stay costs over the 

six months post-randomisation, not only did the cytisine arm in Pakistan have more participants 

admitted to hospital but also showed a few potential outliers (Figure 1). This was in contrast with 

the placebo arm in Pakistan and both arms in Bangladesh. 

 

Figure 1 Distribution of costs of hospital stay among those who incurred this cost, by country and arm 

 

Whilst the mean utility was higher in Pakistan than in Bangladesh, the mean utility in both arms 

showed a relatively gradual and small increase from baseline to six months (Figure 2). In contrast, 

the mean utility at baseline was much lower in Bangladesh than in Pakistan but it increased more 

sharply to a similar level in the cytisine arm and a higher level in the placebo arm. 
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countries, the CEACs were therefore not presented. By these results, the cytisine intervention was 

unlikely to be cost-effective, comparing with placebo, in either Pakistan or Bangladesh. 

Table 5 Cost-utility analysis results by country (1 PPPUS$ = 30.9 Bangladeshi Taka = 29.3 Pakistani Rupees) 

Costs (PPP US$) 

Mean (SE) 

Pakistan Bangladesh 

Cytisine (n=476) Placebo (n=469) Cytisine (n=763) Placebo (n=764) 

Intervention 74.37 (0.68) 15.84 (0.03) 52.10 (0.13) 10.23 (0.00) 

TB treatment 421.30 (5.43) 412.97 (5.84) 232.69 (0.78) 233.59 (0.61) 

Doctor visit 3.17 (0.82) 2.66 (0.65) 3.50 (0.29) 3.37 (0.29) 

Hospital stay 78.12 (19.80) 32.70 (9.76) 3.07 (1.62) 7.35 (3.82) 

Smoking 

cessation 

0.00 (0.00) 0.00 (0.00) 0.74 (0.06) 0.71 (0.03) 

Overall total for 

six months 

576.96 (20.65) 464.16 (11.81) 292.07 (1.84) 255.28 (3.88) 

Adjusted 

incremental costs 

108.46 (95%CI 69.69 to 157.88) 37.06 (95% CI 28.12 to 43.85) 

QALYs 0.408 (0.002) 0.408 (0.003) 0.387 (0.002) 0.392 (0.002) 

Adjusted 

incremental 

QALYs 

0.001 (95% CI -0.004 to 0.008) -0.003 (95% CI -0.006 to 0.000) 

ICER 108,464 per QALY (uncertainty see 

Figure 3) 

Cytisine dominated by placebo 

(uncertainty see Figure 3) 

 

 

Figure 3 Cost-effectiveness plane of cost-utility analysis results by country 
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TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

DAY0SEC5

CASE REPORT FORM - Visit (DAY 0)

Section V

TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

ECONOMIC EVALUATION  (This section is about the patient’s wider health care use in the

past six months, unless stated as TB-specific, this is for any illness.)

Please exclude care provided by the trial intervention in your answers to these questions.

All costs should be specified in local currency, please round all costs up to the nearest

whole number.

Enter a number for each item, if none, enter “0” (zero).

1. Have you visited a TB clinic in the past six months?
(please exclude current visit and include visits to diagnostic centres if separate from clinics)

Yes No  (go to Q2)

If 'Yes'

a. How many times have you visited a public/voluntary TB clinic?

b. How many times have you visited a private TB clinic?

c. How much did you usually pay for your own travel per visit?
(in local currency)

e. How much time in total did it usually take per visit

(travel, waiting, procedure)?

hours minutes

11

Trial Number: Date of Completion:

     Day               Month                       Year

/ /

Site ID:

 Please use this information to guide you if the patient gives estimates-

For daily visit:  One week= 7 days, one month= 30 days, three months= 90 days,

six months= 180 days.

For weekly visit per month= 4 times.

(i.e “I visited a centre daily for 6 months” would be 180 times)

In total how much did you pay in the past six months (for
consultation, diagnostics, procedures, drugs)? (in local currency)

d. On how many of these visits were you accompanied by a friend/relative?

00338800556666550033
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TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

Trial Number:

2. Have you visited a doctor in the past six months (for any illness and exclude TB clinic visits
recorded in Q1)?

Yes No  (go to Q3)
If 'Yes'

a. How many times have you visited a public/voluntary doctor?

b. How many times have you visited a private doctor?

c. How much time did you usually spend with the doctor per visit?

f. How much time in total did it usually take per visit
(travel, waiting, procedure)?

hours minutes

3. Have you been admitted to hospital in the past six months (for any illness)?

Yes No  (go to Q4)

In the past six months, in total how much did you pay for public/

voluntary visits (for consultation, diagnostics, procedure, drugs)?
(in local currency)

In the past six months, in total how much did you pay for private visits
(for consultation, diagnostics, procedure, drugs)?  (in local currency)

hours minutes

d. How much did you usually pay for your own travel per visit?
(in local currency)

e. On how many of these visits were you accompanied by a friend/relative etc.?

If 'Yes'

a. How many nights were you in a public/voluntary hospital?

b. How many nights were you in a private hospital?

In total how much did you pay in the past six months at public/voluntary

hospitals (for consultation, diagnostics, procedures, drugs, overnight
stay)? (in local currency)

In total how much did you pay in the past six months at private
hospitals (for consultation, diagnostics, procedures, drugs, overnight
stay)?  (in local currency)

How much did you usually pay for your own travel per visit?
(in local currency)

c.

12 55444433556666550088

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-049644:e049644. 12 2022;BMJ Open, et al. Li J



TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

Trial Number:

Been given a prescription for an alternative form of
NRT? (such as gum, lozenge, inhaler, etc)

Been given a prescription for Zyban (Bupropion)?

Been given a prescription for Champix (Varenicline)?

Received any traditional medicine?  (Hakeem,
Homeopathic, Unani etc.)

Other:
please describe:

Had help or advice about smoking from a
public/government clinic/hospital?

Number of times Amount spent out of pocket
(in local currency)

Had help or advice about smoking from a private
clinic/hospital?

Attended a group or single counselling session on
smoking at a public/voluntary clinic?

Attended a group or single counselling session on
smoking at a private clinic/hospital?

Been given a prescription for nicotine patches?

Bought a refill for an electronic cigarette?

4. Have you received any help to stop smoking in the past six months? (please exclude the behavioural
support session immediately before joining the trial, the session provided by the trial and any
medication provided by the trial)

Yes (go to Q5) No  (go to Q6)

5. How many times in the past six months have you (this question is only about smoking cessation):
Enter a number for each item, if none enter '0' (zero).

13 99888844556666550011
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TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

Trial Number:

8. Do you have a paid job? (include self-employed and employed) (Please tick one only)

I have a full time job (go to Q9)

I have a part time job (go to Q9)

I do not have a job (go to Q10)

9. Have you been off work sick in the past six months (for any illness)?

Yes

No (go to Q10)

If 'Yes' how many days were you off work sick in the last six months?

10. Usually how much did you spend per day on tobacco over the past six months?
(In local currency)

6. Have you received any medications for TB in the past six months?

Yes (go to Q7) No  (go to Q8)

7. Please detail below the medications for TB related illness in the past six months?
(Use the colour of the packets to indicate each medication)

Anti-TB medication Number of tablets

per day

Duration receiving

tablets (days)

Fixed-dose combination (4 drugs)
(R-150mg/H-75mg/E-275mg/P-400mg)

Fixed-dose combination (2 drugs)
(R-150mg/H-75mg)

(If patient answers not in days: one week= 7 days, one month= 30 days, three months= 90 days,
six months= 180 days etc.)

14 99226666556666550055
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TB & Tobacco Day 0 CRF Section 5  (version 2.1  19/07/2017)

Trial Number:

MOBILITY

I have no problems in walking about

I have slight problems in walking about

I have moderate problems in walking about

SELF-CARE

I have no problems washing or dressing myself

I have slight problems washing or dressing myself

I am unable to wash or dress myself

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities)

I have no problems doing my usual activities

I have slight problems doing my usual activities

I am unable to do my usual activities

PAIN/DISCOMFORT

I have no pain or discomfort

I have moderate pain or discomfort

I have extreme pain or discomfort

ANXIETY/DEPRESSION

I am not anxious or depressed

I am slightly anxious or depressed

I am extremely anxious or depressed

This section asks about your health in general.
Under each heading, please tick the ONE box that best describes your health TODAY.

I am unable to walk about

I have severe problems in walking about

I have moderate problems washing or dressing myself

I have severe problems washing or dressing myself

I have moderate problems doing my usual activities

I have severe problems doing my usual activities

I have slight pain or discomfort

I have severe pain or discomfort

I am moderately anxious or depressed

I am severely anxious or depressed

UK (English)   © 2009 EuroQol Group. EQ-5D™ is a trade mark of the EuroQol Group

EURO QOL

15 33007700556666550022
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Trial Number:

Send data

UK (English)   © 2009 EuroQol Group. EQ-5D™ is a trade mark of the EuroQol Group
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The best health       

 you can imagine 

The worst health       

 you can imagine 

YOUR HEALTH TODAY =

We would like to know how good or bad your health is TODAY.

The scale is numbered from 0 to 100.

100 means the best health you can imagine.

0 means the worst health you can imagine.

Mark an X on the scale to indicate how your health is TODAY.

Now, please write the number you marked on the scale in the
box below.

16

Please dispense medication for 1 week. Instruct the participant to come back for follow up coinciding
with their quit date and also to bring the blister packets and the ‘dosing schedule card’.

Thank you for your time!

22662244556666550066
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Supplementary tables 
 

Table S1 Average hourly wage by occupation in Pakistan and Bangladesh 

 Average hourly wage (PPP US$) 1-3 

Bangladesh 
 

Pakistan 

Occupation Male Female Total Male Female Total 

Managers 5.68 5.13 5.62 9.67 0.84 9.57 

Professionals 4.25 3.93 4.13 6.06 3.84 5.30 

Technicians and Associate 

Professionals 

3.35 3.21 3.32 4.69 3.27 4.50 

Clerical support workers 2.56 2.33 2.53 4.69 3.16 4.66 

Service and Sales workers 1.88 1.76 1.86 2.85 2.37 2.83 

Skilled Agricultural, forestry 

and fisheries 

1.50 1.24 1.46 3.03 0.98 2.96 

Craft and Related Trades 

workers 

1.69 1.55 1.65 3.00 0.89 2.67 

Plant and Machine 

Operators, and Assembler 

1.91 1.77 1.89 2.96 1.95 2.95 

Elementary Occupations 1.38 1.15 1.32 2.39 1.11 2.15 

Overall 2.14 1.93 2.09 3.35 2.00 3.15 
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Table S2 Number and proportion of missing values of variables by arm 

 Cytisine (n=1239) Placebo (n=1233) 

Variables Number of 

missing 

values 

Proportion 

of missing 

values 

Number of 

missing 

values 

Proportion 

of missing 

values 

Cost of behavioural support 6 0% 7 1% 

Cost of TB treatment 102 8% 103 8% 

Cost of doctor visit at d0 0 0% 1 0% 

Cost of doctor visit at m6 61 5% 67 5% 

Cost of doctor visit at m12 89 7% 76 6% 

Cost of hospital stay at d0 2 0% 2 0% 

Cost of hospital stay at m6 62 5% 67 5% 

Cost of hospital stay at m12 89 7% 76 6% 

Cost of smoking cessation at d0 0 0% 0 0% 

Cost of smoking cessation at m6 63 5% 69 6% 

Cost of smoking cessation at m12 103 8% 89 7% 

OOP on TB treatment at d0 1 0% 0 0% 

OOP on TB treatment at m6 63 5% 69 6% 

OOP on TB treatment at m12 89 7% 77 6% 

OOP on smoking cessation at d0 3 0% 3 0% 

OOP on smoking cessation at m6 146 12% 153 12% 

OOP on smoking cessation at m12 127 10% 118 10% 

OOP on doctor visit at d0 6 0% 6 0% 

OOP on doctor visit at m6 64 5% 75 6% 

OOP on doctor visit at m12 89 7% 76 6% 

OOP on hospital stay at d0 2 0% 2 0% 

OOP on hospital stay at m6 64 5% 69 6% 

OOP on hospital stay at m12 89 7% 76 6% 

OOP on tobacco products d0 10 1% 9 1% 

OOP on tobacco products m6 60 5% 67 5% 

OOP on tobacco products m12 89 7% 76 6% 

Productivity loss of company for TB 

treatment at d0 

7 1% 5 0% 

Productivity loss of company for TB 

treatment at m6 

103 8% 106 9% 

Productivity loss of company for TB 

treatment at m12 

92 7% 81 7% 

Productivity loss of company for doctor 

at d0 

36 3% 37 3% 

Productivity loss of company for doctor 

at m6 

111 9% 117 9% 

Productivity loss of company for doctor 

at m12 

94 8% 82 7% 

Productivity loss of sick leave at d0 9 1% 6 0% 

Productivity loss of sick leave at m6 44 4% 62 5% 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-049644:e049644. 12 2022;BMJ Open, et al. Li J



 Cytisine (n=1239) Placebo (n=1233) 

Variables Number of 

missing 

values 

Proportion 

of missing 

values 

Number of 

missing 

values 

Proportion 

of missing 

values 

Productivity loss of sick leave at m12 75 6% 73 6% 

EQ-5D-5L at d0 
 

1 Mobility 0 0% 0 0% 

2 Self-care 0 0% 2 0% 

3 Usual activities 2 0% 0 0% 

4 Pain and discomfort 1 0% 1 0% 

5 Anxiety or depression 2 0% 1 0% 

EQ-5D-5L at m6 
 

1 Mobility 60 5% 67 5% 

2 Self-care 60 5% 67 5% 

3 Usual activities 60 5% 68 6% 

4 Pain and discomfort 60 5% 68 6% 

5 Anxiety or depression 60 5% 68 6% 

EQ-5D-5L at m12 
 

1 Mobility 89 7% 76 6% 

2 Self-care 89 7% 78 6% 

3 Usual activities 89 7% 78 6% 

4 Pain and discomfort 90 7% 78 6% 

5 Anxiety or depression 94 8% 78 6% 

VAS at d0 0 0% 0 0% 

VAS at m6 60 5% 68 6% 

VAS at m12 89 7% 77 6% 

TB score at d0 0 0% 0 0% 

TB score at m6 60 5% 66 5% 
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Table S3 Logistic regression for missingness of costs, OOPs, productivity loss and outcomes on arm and baseline covariates 

Missing on: Allocation Age Country 

Cost of TB treatment 1.02 (0.76-1.35) 1.02 (1.01-1.03) 0.26 (0.19-0.36)* 

Cost of doctor visit at m6 1.07 (0.75-1.53) 1.00 (0.99-1.01) 0.15 (0.10-0.24)* 

Cost of doctor visit at m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

Cost of hospital stay at m6 1.05 (0.74-1.50) 1.00 (0.99-1.01) 0.16 (0.11-0.24)* 

Cost of hospital stay at m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

Cost of smoking cessation at m6 1.07 (0.76-1.52) 1.00 (0.99-1.01) 0.17 (0.11-0.26)* 

Cost of smoking cessation at m12 0.84 (0.63-1.13) 1.00 (0.99-1.01) 0.28 (0.21-0.39)* 

OOP on TB treatment at m6 1.07 (0.76-1.52) 1.00 (0.99-1.01) 0.16 (0.10-0.24)* 

OOP on TB treatment at m12 0.84 (0.62-1.15) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

OOP on smoking cessation at m6 1.04 (0.82-1.33) 0.99 (0.98-1.00)* 1.14 (0.89-1.47) 

OOP on smoking cessation at m12 0.91 (0.70-1.18) 0.99 (0.98-1.00) 0.52 (0.40-0.68)* 

OOP on doctor visit at m6 1.15 (0.82-1.62) 1.00 (0.99-1.01) 0.16 (0.10-0.24)* 

OOP on doctor visit at m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

OOP on hospital stay at m6 1.05 (0.74-1.49) 1.00(0.99-1.01) 0.16 (0.11-0.24)* 

OOP on hospital stay at m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

OOP on tobacco products m6 1.09 (0.76-1.55) 1.00 (0.99-1.01) 0.16 (0.10-0.24)* 

OOP on tobacco products m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

Productivity loss of company for TB 

treatment at m6 

1.01 (0.77-1.35) 0.99 (0.98-1.00) 0.55 (0.41-0.73)* 

Productivity loss of company for TB 

treatment at m12 

0.86 (0.63-1.16) 1.00 (0.99-1.01) 0.18 (0.13-0.26)* 

Productivity loss of company for 

doctor at m6 

1.04 (0.80-1.37) 0.99 (0.98-1.00) 0.52 (0.40-0.69)* 

Productivity loss of company for 

doctor at m12 

0.85 (0.63-1.15) 1.00 (0.99-1.01) 0.18 (0.12-0.25)* 

Productivity loss of sick leave at m6 1.40 (0.95-2.08) 0.99 (0.97-1.00) 0.22 (0.14-0.33)* 

Productivity loss of sick leave at m12 0.95 (0.68-1.32) 0.99 (0.98-1.00) 0.27 (0.19-0.38)* 

EQ-5D-5L at m6 1.09 (0.76-1.55) 1.00 (0.99-1.01) 0.16 (0.10-0.24)* 

EQ-5D-5L at m12 0.83 (0.61-1.14) 1.00 (0.99-1.01) 0.17 (0.12-0.25)* 

TB score at m6 1.02 (0.72-1.44) 1.00 (0.99-1.01) 0.18 (0.12-0.26)* 

*P<0.05 
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