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Abstract: Background: Illness-related costs experienced by patients produce a severe economic
impact on households, especially those of poor families. Few studies have investigated
the full costs, including direct and opportunity costs, at the patient and household
levels in the south-east of China. Methods: A case follow-up study was conducted in
the Bao'an district of Shenzhen City, China. Eligible new and re-treated individuals with
pulmonary TB during January 1  st  2013 to June 30  th  2013 were enrolled. Medical
and non-medical costs as well as income loss were calculated in pre-diagnosis and
post-diagnosis periods, respectively. Factors associated pre-diagnosis costs and post-
diagnosis costs were explored respectively with a linear regression model. Results: Of
the total 514 TB patients enrolled, most were from the migrant population, and 65%
were males (336), with a mean age of 32.25 (±10.11) years. The median pre-diagnosis
direct costs, direct post-diagnosis costs, and post-diagnosis medical and non-medical
costs were 79USD, 748USD, 542USD, and 150USD (6.2897CNY = 1USD, 2013) per
patient, respectively. The median total cost of TB treatment per patient was 1218USD,
corresponding to 26% of patients’ annual income pre-illness. Variables associated with
pre-diagnosis costs included number of times visiting health facilities, whether in
hospital due to TB, education, History of TB. Variables associated with post-diagnosis
costs were household registration, sputum smear status, reported-household economic
burden, marital status. Conclusions: Although a free TB control policy is in force,
patients with TB are still facing a heavy economic burden. More available interventions
to reduce the financial burden on tuberculosis patients are urgently needed.
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Additional Editor Comments (if provided):

Dear Authors,
In addition to the valuable points raised by the two reviewers, i have some comments
from my end (some of these may be made by the reviewers as well)
1. Abstract - most were from the migrant population - why use ' most' here while
elsewhere the number % have been given?
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Thanks for the editor’s suggestion. We have replaced ‘most’ with the exact number
‘95%’ in the abstract, which was mentioned in the line 255.
2. out of pockets expenditure? Please be careful with use of phrases (point made by
the reviewer as well). Are you looking at total costs due to TB care or out of pocket
expenditure. Overall in your paper, no reference was made to the WHO TB patient cost
survey handbook 2016. I see that the study was among patients registered in 2013 and
the WHO ptient cost survey booklet was not out then. Hence, it will be nice ot have a
table in methods with clear operational definitions used.
We are grateful for your suggestion. In our study, we did not include the cost covered
by the medical insurance, hence it is inappropriate to use the term ‘out of pockets
expenditure’. So we replaced it with ‘cost’ to make it more accurate. There are many
kinds of medical insurance in China, and the patients may not be aware of whether
they have certain kind of medical insurance or not, so they did not use the medical
insurance to reduce their expenditure. However, in our study, the cost is measurable
and comparable, so we revised it throughout this article accordingly.
According to your advice, we have added the operational definitions in table 1.
3. 2.2 Study design title should be renamed as 2.2 Study design and population
Revised, thank you.
4. Anonymized data HAS to be shared and this is ESSENTIAL
Thanks for this suggestion. We have provided the anonymous data as attachment in
an .xls document.
5. In the ethics statement, please mention the ethics number and the date
We are grateful for the Reviewer’s suggestion. The ethical approval number is 2012-
SPH021, date 9/28/ 2012.
6. Line 175-176 (regarding primary outcome) - this line is not clear
Thanks for this suggestion. We revised the definition to make it clear in line 192-193 as
follows: The primary outcome variables were the mean (median) expense incurred
during illness.

7. Line 191 - shouldn't it be the household's pre-TB annual income?
We appreciate your suggestion. Our study does have the limitation that we collected
the range of the household's pre-TB annual income of every patient instead the exact
number. However, we collected the exact number of the total annual income of every
patient and as a result, we used the indicator to measure the patients’ economic
burden.

8. Line 204-06. Similar issues were faced by us in another study. Another analysis may
be to classify the costs as catastrophic or not and then do a log binomial regression.
We can present both the results. See the following paper for example, as to how the
analysis was done: https://www.ncbi.nlm.nih.gov/pubmed/30865730
We appreciate this suggestion. As mentioned above, we did not consider the
catastrophic cost as an indicator in the design phase of our study, so we are not able to
conduct the analysis regarding catastrophic cost. In our revision, based on the paper
given above, we improved our method of statistics by adopting 2 methods in our
revised manuscript.

9. Line 206 - Bivariate means two outcomes. All the analyses presented in this paper
are univariate which can be further classified into single variable (curde or unadjusted)
and multivariable (adjsuted) analysis.
Thanks for this suggestion. We have adopted a new method in the data analysis which
is described carefully in line 221-244.

10. What about catastrophic costs, what about inequity in distribution of catastrophic
costs. See this paper for example. https://www.ncbi.nlm.nih.gov/pubmed/30173603
We appreciate your suggestion. However, we did not adopt this professional term at
the start of the study, and the annual patient income is expressed as a range instead of
an exact number. As a result, it would be impossible to calculate the catastrophic costs
to patients.

11. All the table and figure title have to be standalone with details about time place and
person. Check for footnotes for abbreviations. All tables should be formatted again to
make them presentable. For ex n and % in separate columns. n column shuold be right
indented, (%) column should be left indented and vertical line between n and % should
then be removed. CHeck other tables as well.
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We appreciate your suggestion. We have reformatted the tables throughout the article
according to your suggestions.
12. Why don't the authors look separately at factors associated with pre-dx costs and
post-diagnosis costs.
Thank you for this suggestion. We have analyzed the factors associated with different
period of the treatment according to your suggestion and revised the statement in the
data analysis, results and discussion section on the basis of the new analysis results.
13. If the authors have outcome data, why not compare unfav out and catastrophic
costs, after adjusting for potential confounders.
We appreciate your suggestion. However, we did not adopt this professional term at
the start of the study, and the annual patient income is expressed as a range instead of
an exact number. As a result, it would be impossible to calculate the catastrophic costs
to patients.

Reviewer #1: This work is on an important area namely the economic burden due to
Tuberculosis related to the EndTB strategy goal of Zero Catastrophic cost for
households due to Tuberculosis. The author have drafted the manuscript well and
included several important points needed for a cost analysis study.

The study utilised a follow-up methodology to capture costs during the treatment
phase. The authors have also studied some factors related to costs.

While the study justification rightly draws support from the EndTB Goal of Zero
Catastrophic Cost, the authors have not included Catastrophic Cost estimation in the
paper, despite having all the necessary data for the calculation of the same. It is highly
recommended that the authors may include catastrophic cost and accordingly the
manuscript may be redrafted. If there are data available on the coping costs or
mechanism, they may also be included to understand the complete picture of the
economic burden faced by the patients with Tuberculosis.
We appreciate your suggestion. However, we did not adopt this professional term at
the start of the study, and the annual patient income is expressed as a range instead of
an exact number. As a result, it would be impossible to calculate the catastrophic costs
to patients.
In our study, most of the study population were factory workers. Only 186 workers
knew that they had medical insurance and 305 workers knew that they did not have
any medical insurance. Other 23 workers were unaware of whether they had medical
insurance or not, and at the end of the study, they did not bring about any medical care
reimbursement cost. Only 34 patients provided information about medical care
reimbursement cost. As a result, the proportion of cost paid by medical insurance was
not included in the analysis.

Abstract
Though the study includes both direct and indirect costs, the abstract starts with the
terminology ‘expenditures’ which may apparently mislead a casual reader
Follow-up method utilised may be included in the methods under the abstract
Thank you for this suggestion. We have replaced the word ‘expenditures’ with ‘costs’ to
avoid misunderstanding and added the follow-up method in the abstract.

Methodology
In the study settings,
the following may be included, which have implications while interpreting of the results:
1.Proportion of Treatment and Retreatment Cases in the District;
Thanks for this suggestion. In the discussion section, we mentioned the proportion of
treatment and retreatment cases in line 508-509 as follows: The re-treatment rate in
our study was 5.84%, which is similar to that reported in other studies, with a re-
treatment rate of 6.7% in Shenzhen and 6.4% in other provinces in China.
2.Actual figures of Incidence and Prevalence of Tuberculosis in Shenzhen
Region/Bao’an District (lines 119-120), which needs to be specified seperately further
between natives and migrants;
We appreciate your suggestion. We have added the data in line 139-141 as follows: In
2010, the prevalence rate of smear positive of native population was 19.44 per 100
000 population, and that of the migrant population was 59.96 per 100 000 population.
3.No, of TB Cases in the District during the study year among natives and migrants;
Thanks for this suggestion. We have listed the number in line 400-402 as follows: The
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total number of registered active tuberculosis cases were 1317, included 76(5.8) native
case and 1241(94.2%) migrant cases in 2013.
4.No. of (mandatory)visits as per the existing TB program during treatment;
Thank you for this suggestion. We have added the data in line 157.
5.Proportion of patients with TB having co-morbidities namely diabetes, HIV, lung
cancer etc
We appreciate your suggestion. Because in our study, the patients with co-morbidities
were excluded from the study, it is impossible to calculate the proportion of patients
with TB having co-morbidities.
6.Whether Active Case finding strategy is implemented or not;
We appreciate your suggestion. In the study setting section, we have added the
statements in line 132-139 to clarify the way of TB patients being found in China as
follows: The hospitals were the main place finding tuberculosis case and the Center for
Prevention and Cure of chronic diseases (CPC) were the local designated TB facilities
in the national TB programme networks, providing treatment and managing the
tuberculosis cases. The healthcare providers in general hospitals were obligate to refer
the suspected cases to CPC and the basic information of suspected cases were sent
to CPC. If the cases did not consulted to CPC in time, the workers of CPC would
contact the suspected case. Actively cooperating with medical institutions and TB
prevention and control institutions, the discovery rate and report quality was increasing
by years.
7.Mean/Median household (and/or Individual) income in the region/district;
Thank you for this suggestion. We have added the median household income in
Bao’an district in line 155-157 as follows: The mean household income in the region
was 6,656.79 USD of 2012 according to the Statistical yearbook 2013.
8.Proportion of people in different economic categories;
We appreciate your suggestion. However, we did not have access to the detailed
information about the income of different population.
9.a brief description of occupational health care provisions/model in the district relevant
to TB care;
Thanks for this suggestion. In China, there is no occupational health care
provisions/model focus on TB prevention only, the workers in our study were provided
with the general occupational health service. For example, the workers may participant
in the regular medical examination paid by the factory owner.
10.brief description of the existing intervention in the district to address economic
burden faced by patients/households due to TB
We appreciate your suggestion. In line 148-151, we described the existing free policies
to relief the economic burden on TB patients:  The Center for Prevention and Cure of
chronic diseases (CPC) is the institution authorized to provide TB diagnosis, treatment,
and monitoring. The CPC provides patients with a radiologic imaging studies (X-ray)
while diagnosed, and sputum smear tests during treatment, and anti-TB drugs for 6-8
months for free.
11.whether hospitalisation costs due to TB for persons with TB are covered under the
existing program?
Thank you for this suggestion. The hospitalization costs due to TB was not covered
under the existing program and born by the patients themselves. We have added the
statements in line 148-151 to state the range of free TB policy. Since the cost
regarding hospitalization is not included in the policy, it have to be borne by patients
themselves.

Study Design:
Why were those aged above 59 years not included for the study? Reasons may be
stated and also included/addressed in the discussion.
We appreciate your suggestion. People ages above 59 are more likely to have
comorbidities which may influence the analysis of economic burden, so we excluded
them. We have added the reason in line 166-167 as follows: The patients aged above
59 were excluded considering the elderly may have more commodities and those with
MDR-TB were excluded too.
In the discussion, need to consider, how non-inclusion of those with morbidity namely
Diabetes, HIV affected the representativeness of the study. HIV and Diabetes have
programmatic implications for Tuberculosis control as well as have been shown by
studies in the literature to drive the costs due to tuberculosis higher.
Thanks for this suggestion. We have discussed the influence of non-inclusion on the
representativeness of our study in the limitation section in line 392-398 as follows: We
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included 533 eligible patients in the survey, 19 of which were lost to follow-up. The
average age of them was 29.6±10.2years. The male was 14 and female was 5. One
patient was with a severe symptoms appeared hemoptysis. The others were with mild
or moderate symptoms like cough, chest distress and fever etc. the lost to follow-up
was about 4 percent, and the general Socio-demographic and clinical characteristics of
those 19 participants lost to follow-up were identical with the 514 patients. So，we
considered there no much influence on our conclusion.
However, the exclusion can inevitably injure the representativeness, so we added this
point as a limitation of our study in line 519-523 as follows: Our study only investigated
the economic burden of patients brought by TB and those with severe co-morbidities
such as AIDS, diabetes, and lung cancer were excluded. Therefore our study may
reflect the economic burden faced by TB patients instead of all population.
Where those with MDR-TB excluded? Or is it that there were no drug resistant cases
during the study period, which is quite unlikely. The authors have not stated whether
the study is about costs due to drug sensitive tuberculosis. These needs to be clarified
in title, abstract, justification (objectives), methods, and discussion.
Thank you for this suggestion. We have added the statement in the Study Design and
population part in line165-167. To illustrate the study population of our survey more
accurate, we have added the particular explanation in every section accordingly.
In our study, there were only 4 patients with MDR-TB among total 514 patients. One
patient failed to achieve TB suppression in the third month of treatment, and the other
three patients developed drug resistance during the treatment. Doctors adjusted the
medicine according to their condition and part of second-line medicine is not free.
Because there were few patients with MDR-TB, we did not eliminated them from the
analysis. However, they may not have much impact on the stability of the analysis.
Sample Size has not been estimated by the authors. Studies in the literature on Cost of
illness have adopted different methods to calculate sample size. They may be referred
to.
We appreciate your suggestion. Ahead of our study, we did not calculate the sample
size we needed. We included every patient who met the inclusion criteria and agreed
to take part in our survey during the study period. Analysis results showed that the
sample size of our study is enough to achieve the power required.
The cost data was based on self-reporting. The authors have mentioned both in the
methodology and strengths in discussion, that that a logic-check was done. Brief
description of this may be provided to help readers understand how this enabled better
data quality.
We appreciate your suggestion. In the Data collection section, we have explained the
process of a logic-check in line 187-189 as follows: Those contradictions or missing
information would be asked of patients again in a subsequent interview. We also
evaluated the quality of collected data by verifying the routine health information
system.
Timing of the first interview in the intensive phase could have affected the recall
leading to differential recall among different participants. The data on delay between
start of treatment and interview may be provided as mean and range. Similarly, it would
be important to state whether the timing of multiple interviews were standardised for all
patients.
Thank you for this suggestion. First interview is in the first month of intensive phase
treatment. We have added the median delay time of diagnosis in line 270-271. In the
limitation section, we have mentioned that recall bias could not be avoided in our study
as it relied on the information self-reported by patients. Patients went to see the doctor
in chronic disease station nearby on time and were followed-up during their visit.
Methodology can include explicitly the perspective from which cost was calculated,
though it is understandable from the objective.
Thanks for this suggestion. We have added the illustration in the line 192 as follows:
We analysis the economic burden from tuberculosis patients’ perspective.
The reason for non-inclusion of guardian (companion) cost is not acceptable as the
need for guardian are often higher during pre-diagnosis phase as the patients have
more illness and may often make multiple visits to one or more provider before the
diagnosis and start of treatment. Authors have also reported hospitalisations during
pre-diagnosis period. Guardian (companion) costs needs to be included in the
analysis.
We appreciate your suggestion. We regret mentioning that the companion costs was
not surveyed in the study. In China, TB is a common disease and most patients do not
need companions during the treatment. Another reason is that patients in our study
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were surveyed in the community or chronic disease station near their home within 15
minutes’ walk. So the companion costs during pre-diagnosis period may not have
much impact on the outcome. We admit that it is a limitation of our study and have
added the explanation in line 523-525 as follows: Second, in our study, we did not
survey the information regarding companion costs although it may not have much
impact on the results since most TB patients in China did not need to be companion
during the treatment.
The source of questionnaire may be stated and provided.
Thanks for your suggestion. In this survey, we combined the aim of our study with
standardized questionnaire used to investigate the demographic characteristic and
designed the questionnaire. We have provided the questionnaire we used as
attachment.
Though the study reported insurance coverage for participants, authors have not
stated how reimbursements were adjusted against the costs in the analysis.
Thanks for your suggestion. In our study, most of the study population were factory
workers. Only 186 workers knew that they had medical insurance and 305 workers
knew that they did not have any medical insurance. Other 23 workers were unaware of
whether they had medical insurance or not, and at the end of the study, they did not
bring about any medical care reimbursement cost. Only 34 patients provided
information about medical care reimbursement cost. As a result, the proportion of cost
paid by medical insurance was not included in the analysis.
Results

Clinical characteristics including co-morbidities, pulmonary/extrapulmonary, etc to be
included.

Care-seeking characteristics should include number of consultations/visits prior to
diagnosis, number of providers visited and type of providers / facility visited (especially
private providers /facility as it can vary from single doctor provider facility to corporate
hospital)
We appreciate your suggestion. In the Socio-demographic Characteristics and Care-
seeking Behaviors section, we have added the number of consultations prior diagnosis
and type of facility visited in line 267-270. However, we did not collect information
about the number of providers visited.
Data on whether the participant was a beneficiary of any of the existing interventions in
the district to reduce the economic burden to patients due to TB, needs to be reported,
including the quantum of benefit
Thanks for your suggestion. We have mentioned the coverage of the existing free TB
policy in the Study setting section in line 149-151. In the second paragraph, we have
also added the description of the extent of free treatment and the cost covered by the
policy in line 404-406 as follows: Under the DOTS program, the CPC provide
tuberculosis patients with a radiologic imaging studies (X-ray) , sputum smear tests
and anti-TB drug during treatment for free amounting to 102.07 USD.
The cost during different phases of treatment could also be made available especially
since authors have conducted multiple interviews through follow-up to obtain costs
through the treatment period. They are important while planning interventions

Where there no hospitalisation episodes among participants during the treatment
phase?
We appreciate your suggestion. Our study only investigated the cost reported by the
patients occurred in the chronic disease station. There was no inpatient ward in the
chronic disease station, so we did not surveyed the information about hospitalization.
In Table 2, what are these Non-Tb drugs?
Thank you for this suggestion. We have added the subsidiary drugs in line 152-153.
In table 3, what timeline does sputum smear test pertain to? What is the definition of
household economic burden? What is the definition for degree of symptoms at
diagnosis? Is it self-reported or based on clinical assessment? The Operational
definition of these variables need to be included in the methodology.
Thanks for this suggestion. We have illustrated these definitions clearly in table 1.
Why insurance coverage was not included as a factor for economic burden?
Thanks for your suggestion. In our study, most of the study population were factory
workers. Only 186 workers knew that they had medical insurance and 305 workers
knew that they did not have any medical insurance. Other 23 workers were unaware of
whether they had medical insurance or not, and at the end of the study, they did not
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bring about any medical care reimbursement cost. Only 34 patients provided
information about medical care reimbursement cost. As a result, the proportion of cost
paid by medical insurance was not included in the analysis.
Among the factors considered for economic burden, some of them pertain to pre-
diagnosis costs and other may pertain to treatment phase costs and few many be for
total costs. It is recommended that these be split accordingly instead of considering
everything together, as there are implications for suggesting possible interventions to
reduce cost.
We appreciate this suggestion. Considering everything together is truly not legible and
easy to guide practice. So we decided to analyze the factors associated with pre-
diagnosis and post-diagnosis separately according to your suggestion.
Discussion

While the population of the district has 65% migrants, in the study, 95% of the study
participants are migrants. This can have implications for representativeness of the
study. This needs to be discussed in detail; this again importance further since it is one
of the factors found to be significantly associated with economic burden as in table 3.
Thanks for this suggestion. We have discussed it carefully in line 402-405 as follows:
As one of the most population of Shenzhen City and owing numbers of factories , the
migrant population in Bao’an district always exceeds the average level of Shenzhen
City. The total number of registered active tuberculosis cases were 1317, included
76(5.8%) native case and 1241(94.2%) migrant cases in 2013. In our study, 95 percent
were migrant cases, so our study can reflect the TB condition of Bao’an district truly.
Socio-demographic and clinical characteristics of those 19 participants lost to follow-up
need to be reported and the implications of the study results need to be discussed
We appreciate this suggestion. In line 395-401, we have added the statement of the
influence of lost follow-ups on our outcome.
Of the 533 participants, 176 patients were reported to have been shifted to CPC with
no costs for patients during pre-diagnosis period. Can description of these transfers
provided and included in study setting. How this lead to no delays and no costs are
important for understanding the drivers of costs/economic burden.
Thank you for this suggestion. We have added the detailed illustration in the study
setting section in line 132-139.
Line 413, what are the author establishing by stating ‘recall and reporting bias could
not be avoided, even in this longitudinal design’ The statement is self-contradictory.
May need to be revised
Revised, thank you.
Figure may not be needed as this information is represented in the table 2 and is
clearly evident too.
We appreciate this suggestion. We deleted figure 1 in the article.
Some Typographical Errors
Alignment of 70% in Age category 40-50 in Table 1
Subtitle Insurance to be made bold in Table 1
Weblink in line 112 may be shifted to reference and reference number provided
Title of Table 3, CNY needs to be removed
Revised, thank you.
Reviewer #2: 1. The author needs to add some more details on opportunity cost i.e,
income loss by patients due to illness. Some patients were hospitalized but they have
earnings from job without wage loss then how to quantify the opportunity cost? Also,
variation in salary is very heterogenetic. The author needs to describe about
opportunity cost.
We appreciate this suggestion. We have describe the opportunity cost in table 1
carefully. If TB patients still worked during the hospitalization, then there was no wage
loss and the wage loss was 0.
2. Under background characteristics, author mentioned about insurance company, but
for Out of Pocket Expenditure (OOPE), we should not mention reimbursements given
by insurance company. If the patients are getting reimbursements from any type of
insurance, it should be deducted from the total out of pocket expenditure.
Net out of pocket expenditure = Total expenditure - Reimbursement.
Reimbursement amount should be highlighted if possible.
Thank you for this suggestion. We realized that it was inappropriate to use the term
’out of pocket expenditure’ to describe the economic burden for in our study, the cost
covered by medical insurance is not included in the analysis. In our study, most of the
study population were factory workers. Only 186 workers knew that they had medical
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insurance and 305 workers knew that they did not have any medical insurance. Other
23 workers were unaware of whether they had medical insurance or not, and at the
end of the study, they did not bring about any medical care reimbursement cost. Only
34 patients provided information about medical care reimbursement cost. As a result,
the proportion of cost paid by medical insurance was not included in the analysis.
3. In methodology section, the author has mentioned the Chi-square test and Mann-
Whitney analysis to examine the effect of each predictor variable on economic burden.
But Chi-square test is used to know the association between predictor variables and
regression analysis is used to understand the effects of predictor variables.
We appreciate your suggestion. We have revised the analysis method and Chi-square
test is not used this time. So we deleted it.
4. Table 3 analysis indicated that factors related to direct and opportunity costs (CNY)
and in relation with the background variables. The heading should be association or
differentials by background characteristics of patients and table 4 is showing the factor
with regression analysis.
We have revised the table titles according to your advice and thanks for your advice.
5. In table 4 multivariate analysis, only few predictor variables have been added.
However, the author described in methodology section A forward stepwise approach
was used to find the appropriate model. If P-value less than 0.05 is significant. It is
good and recognised methods for adding the variables in regression analysis. Try also
Variance inflation factor (VIF) to know the multicollinearity in predictor variables. If VIF
less than 10, than the author can add the predictor variables and explore more variable
as predictor variables.
Thank you for this suggestion. We have adjusted the data analysis method according
to your suggestion.
Based on the above observations and looking into overall merit of the paper, few
modifications in line of above points may be considered before sending it for
publication.
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 42 

Abstract: Background: Illness-related costs experienced by patients produce a severe 43 
economic impact on households, especially those of poor families. Few studies have 44 
investigated the full costs, including direct and opportunity costs, at the patient and 45 
household levels in the south-east of China. Methods: A case follow-up study was conducted 46 
in the Bao'an district of Shenzhen City, China. Eligible new and re-treated individuals with 47 
pulmonary TB during January 1st 2013 to June 30th 2013 were enrolled. Medical and 48 
non-medical costs as well as income loss were calculated in pre-diagnosis and post-diagnosis 49 
periods, respectively. Factors associated pre-diagnosis costs and post-diagnosis costs were 50 
explored respectively with a linear regression model. Results: Of the total 514 TB patients 51 
enrolled, most were from the migrant population, and 65% were males (336), with a mean 52 
age of 32.25 (±10.11) years. The median pre-diagnosis direct costs, direct post-diagnosis costs, 53 
and post-diagnosis medical and non-medical costs were 79USD, 748USD, 542USD, and 54 
150USD (6.2897CNY = 1USD, 2013) per patient, respectively. The median total cost of TB 55 
treatment per patient was 1218USD, corresponding to 26% of patients’ annual income 56 
pre-illness. Variables associated with pre-diagnosis costs included number of times visiting 57 
health facilities, whether in hospital due to TB, education, History of TB. Variables 58 
associated with post-diagnosis costs were household registration, sputum smear status, 59 
reported-household economic burden, marital status. Conclusions: Although a free TB 60 
control policy is in force, patients with TB are still facing a heavy economic burden. More 61 
available interventions to reduce the financial burden on tuberculosis patients are urgently 62 
needed. 63 

Keywords: Tuberculosis; cost of illness; economic burden; China 64 

 65 

1. Introduction 66 

Tuberculosis (TB) is one of the top 10 causes of death worldwide as well as being the 67 
leading cause from a single infectious agent (more than HIV/AIDS). According to 2018 global 68 
estimates, there were almost 10 million new cases of TB and 1.3 million TB deaths in 2017 [1]. 69 
The high prevalence of TB is always a critical public health problem in China, accounting for 70 
the second highest number of cases in the world except in India, with 778,000 identified cases 71 
of TB in 2017 [1]. Since 1990, the WHO-recommended directly observed treatment + short 72 
course chemotherapy (DOTS) strategy to control this epidemic has been implemented by the 73 
Chinese government under the National Tuberculosis Control Program [2], whose guidelines 74 
include free anti-TB drugs for 6 months to new patients with TB and for 8 months to 75 
re-treatment patients in addition to multi-drug resistant/ extensively-drug resistant 76 
(MDR/EXDR) patients. Tests include one free X-ray test for individuals suspected of having 77 
TB at their first visit, one free sputum smear test for those whose X-ray tests are abnormal and 78 
free sputum smear tests for patients undergoing free anti-TB treatment. With the development 79 
of molecular biology, a new testing method called GeneXpert/RIF (abbreviated as Xpert) is 80 
recommended. With a shorter time of testing, higher sensitivity, and higher specificity, Xpert 81 
has been rapidly adopted for clinical diagnoses in China [3]. 82 

However, many investigators have pointed out that both the TB patients and their 83 
households bear a heavy economic burden. Even the free DOTS control strategy is far from 84 
sufficient [4, 5]. Tuberculosis is a well-known poverty-related disease, an association that has 85 
been well-established at both patient and household levels, usually related to the 86 
disadvantages of socio-economic status. In particular, among those who come from rural and 87 
poor districts, the scarcity of health resources and their poor economic condition place them in 88 
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a more serious situation [6]. The financial aspect is a major factor contributing to 89 
health-care-seeking behavior among Chinese patients. Delayed and repeated visits to clinics 90 
before diagnosis, the over-prescribing of drugs, and prolonged treatment are common [7]. 91 
Patients must bear too much economic burden, such as, for example, medical and 92 
transportation costs, and income loss, precluding them from further adhering to treatment and 93 
resulting in treatment failure [5].    94 

There have been many studies on the cost-effectiveness of different TB control strategies, 95 
mainly investigating the costs to the health system in the Eastern, Middle, and Western 96 
Regions of China. These studies focused mainly on the effectiveness of medical insurance for 97 
coping with the costs of illness as well as patient compliance with drug regimens [5, 8]. 98 
However, far fewer studies have measured the costs to patients and households or the full 99 
costs, including direct and opportunity costs, from the onset of symptoms to the end of 100 
treatment in the south-east of China. To achieve the health-related Sustainable Development 101 
Goal (SDG) proposed by the United Nations and the goal of ending the TB epidemic by 2035 102 
proposed by WHO, whose last target reads “No TB patients and their families face 103 
Catastrophic costs (>20% of annual household income)” [9], all TB patients should receive 104 
accessible and affordable standard medical treatment. Therefore, the present study was 105 
performed to evaluate the out-of-pocket direct costs as well as productivity lost related to 106 
illness. Potential factors associated with these costs were also explored. We aimed to establish 107 
the evidence base for interventions that can contribute to TB-related cost reduction, increase 108 
patient adherence to treatment, and treatment success rates. There is a need to document the 109 
full economic burden of TB care borne by patients and their households. 110 

2. Materials and Methods  111 

2.1. Study Setting 112 
Shenzhen City is one of the most prosperous regions in China, with a Gross Domestic 113 

Product (GDP) of nearly 269 million CNY in 2019. Its estimated population is over 13 million, 114 
with the migrant population constituting 65.3% while this rate is 82.4% in Bao’an district of the 115 
total regional population according to the Shenzhen statistical yearbook 2019. The mean 116 
household income in the region was 6,656.79 USD of 2012 according to the Statistical yearbook 117 
2013. The rapid economic growth in the city, leading to higher income levels, attracts numerous 118 
young migrant workers, mostly from remote poor areas exposed to substandard conditions 119 
such as lower societal status, poor standard of living, limited health knowledge, and less 120 
accessibility to health services, thus creating favorable conditions for infection with 121 
Mycobacterium tuberculosis and progression to disease. Such conditions delay individuals from 122 
seeking health care, resulting in advanced disease and continued transmission of TB in the 123 
community. Although analysis of recent data has shown a decreasing incidence of TB in the 124 
Shenzhen region, its prevalence in the Bao'an district, where a heavy concentration of migrant 125 
workers contributes to a high TB case load, is still high. 126 

The Bao'an district implemented the 10-year World Bank TB project in 1992, brought the 127 
migrant population into the National TB control program (NTP), and adapted the DOTS 128 
strategies. After this ended in 2002, the Shenzhen TB control project in Guangdong province was 129 
launched. Then, as a representative of Guangdong province, the Bao'an district was selected as 130 
one of the seven counties to implement the fifth round of the globally funded TB control project. 131 
Up to 2010, the Bao'an district was selected by the China Ministry of Health as the site of a 132 
demonstration area for a tuberculosis control model. The hospitals were the main place finding 133 
tuberculosis case and the Center for Prevention and Cure of chronic diseases (CPC) were the 134 
local designated TB facilities in the national TB program networks, providing treatment and 135 
managing the tuberculosis cases. The healthcare providers in general hospitals were obligate to 136 
refer the suspected cases to CPC and the basic information of suspected cases were sent to CPC. 137 
If the cases did not consult to CPC in time, the workers of CPC would contact the suspected 138 

Highlight
what about assessment of catastrophic costs and factors associated with catastrophic costs?

Highlight
expand abbreviations on first use

Highlight
how is this related to the current study?

Highlight
please check the english



 4 

case. Actively cooperating with medical institutions and TB prevention and control institutions, 139 
the discovery rate and report quality was increasing by years. In 2010, the prevalence rate of 140 
smear positive of native population was 19.44 per 100 000 population, and that of the migrant 141 
population was 59.96 per 100 000 population and the cure rates for both native and migrant 142 
patients were 94.79% and 82.91%, respectively [10].  143 

The main health-care sources in China are district public health facilities organized into 144 
three tiers of referral: primary (Center for Prevention and Cure of chronic diseases), secondary 145 
(sub-district prevention and care dispensaries), and tertiary (Community health-care stations) 146 
[11]. The DOTS program means directly observed treatment +short course chemotherapy for 147 
non-inpatient tuberculosis patients, and is available only in public health facilities, where 148 
patients have free access to diagnostic and treatment services. The Center for Prevention and 149 
Cure of chronic diseases (CPC) is the institution authorized to provide TB diagnosis, treatment, 150 
and monitoring. The CPC provides patients with a radiologic imaging studies (X-ray) while 151 
diagnosed, and sputum smear tests during treatment, and anti-TB drugs for 6-8 months for free. 152 
Patients must regularly return to CPC every month for health checks after starting to take 153 
anti-TB drugs until the treatment is over. Generally, the numbers of times of subsequent 154 
consultations are 5 and 7 to newly-patents and re-treated patients respectively. The costs of 155 
every month including auxiliary examinations and subsidiary drugs like hepatinica, gastric 156 
medicine, and immunopotentiator etc. are not free. The sub-district prevention and care 157 
dispensaries and Community health-care stations coordinating with the CPC are obligated to 158 
perform routine monitoring, referral, and supervision. Adherence is directly monitored by the 159 
health workers of Community health-care stations for daily drug intake, adverse reactions, and 160 
other activities of admitted patients. If patients fail to take a specific drug for 2 days, the workers 161 
will contact them by telephone to ensure that the patients complete their treatment.  162 
 163 

2.2. Study Design and population 164 
A case follow-up study was conducted in the Bao'an district with an ongoing NTP-DOTS 165 

project. Newly diagnosed and re-treated TB patients aged 15-59 years old, who registered in the 166 
CPC during 1 January 2013 to June 2013, were included and were followed up until the 167 
completion of a 6- to 8-month treatment course. Those with severe co-morbidities such as AIDS, 168 
diabetes, and lung cancer and those who refused to accept investigation were excluded. The 169 
patients aged above 59 were excluded considering the elderly may have more comorbidities 170 
and those with MDR-TB were excluded too. Transferred patients were also excluded from the 171 
study, since information on previous costs was not available.  The operational definition of 172 
various costs and indicators were summarized in table 1. 173 
 174 
2.3. Data Collection  175 

All eligible cases were subjected to five (new patients) or seven (re-treatment patients) 176 
interviews at the Department of Tuberculosis Prevention and Control in Bao'an CPC. A 177 
structured questionnaire was used, covering general demographic and socio-economic 178 
characteristics, disease history, care-seeking process, treatment behaviors, and costs of pre- and 179 
post-diagnosis. Self-reported economic status information was collected based on different 180 
localities with various levels of development. The first interview was at the first month of 181 
intensive phase of treatment, when patients’ retrospective care-seeking history and related 182 
expenditures, including pre-diagnosis, starting from the time point when the patients 183 
experienced the first symptoms, and the intensive phase related costs, were collected. The other 184 
four or six interviews occurred monthly when patients came for regular re-examinations. The 185 
patients’ TB care experiences and transportation fee, supplementary food cost, and foregone 186 
income of patients and companions were collected in follow-ups. 187 

A graduate student with two locally recruited research assistants, health workers who had 188 
participated in a standardized training session, conducted those interviews. A logic check of all 189 
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data collected was undertaken to determine if there were any contradictions or missing 190 
information. Those contradictions or missing information would be asked of patients again in a 191 
subsequent interview. We also evaluated the quality of collected data by verifying the routine 192 
health information system. 193 
 194 
2.4. Measurements and Definitions  195 

We analyzed the economic burden from tuberculosis patients’ perspective. The primary 196 
outcome variables were the mean (median) expense incurred during illness. Information on 197 
costs was ascertained for different periods, summarized as pre- and post-diagnosis. 198 

Direct costs included all costs of patients and companions attributable to their illness [12], 199 
which consisted of the medical costs related to TB diagnosis and treatment (clinical and 200 
hospitalization expenses), and non-medical costs incurred by patients or companions, such as 201 
transportation to health facilities and supplementary food. Opportunity costs referred to the 202 
income lost by patients and their companions associated with time lost off work. Assuming 30 203 

working days per month, we evaluated the value in terms of money for each day, and opportunity 204 
costs was calculated as the value per day multiplied by the length of time off work due to 205 
illness. The income lost before diagnosis was calculated based on each patient’s monthly wage 206 
prior to the onset of TB. The lost income after diagnosis was calculated based on the monthly 207 
wage if patients were still on working during illness. After diagnosis, patients were asked about 208 
the actual lost income that they and their companions had experienced due to absence from 209 
their usual income-generating activities at every interview. These monthly income reductions 210 
were then summed. The income lost by companions pre-diagnosis was not included in the 211 
analysis, since only a few such losses occurred. The time spent on daily drug intake was also not 212 
calculated, because most patients took drugs on their way to work or at the community 213 
health-care stations close to their homes. 214 

The economic burden was then analyzed as a proportion of patients’ total annual income. 215 
The free services provided during diagnosis and treatments were not included in the medical 216 
costs. Information about costs after diagnosis was extracted from the information system of the 217 
study facility. Information on costs covered by insurance could not be obtained, since the 218 
insurance had not been settled at the end of the interview.  219 

Table 1. Operational definition of study participants and TB treatment cost in the study 220 
of Bao'an district, Shenzhen City, China, 2013 221 

Terminology  Definition 

Study participants All newly diagnosed and re-treated TB patients accepted treatment in 

CPC during 1 January 2013 to June 2013  

Study participants 

ineligible  

Patients with severe co-morbidities such as AIDS, diabetes and lung 

cancer   with multidrug-resistant TB, aged>59 were excluded. 

Pre-diagnosis costs Costs between symptom onset and diagnosed as TB   

Post-diagnosis costs  Costs from treatment initiation up to treatment completion 

Direct medical costs  Expenses of medical examinations and medicines linked to TB 

diagnosis and treatment 

Direct non-medical costs Costs for transport, food expenditures ,nutrition supplements due to 

TB 

Direct cost  Direct medical costs + direct non-medical costs 

Opportunity costs Patients and companions’ lost income due to TB-related time off work 

during the TP episode. The pre-diagnosis opportunity cost was 

estimated using the time off work multiplied by the reported 

individual income prior to the onset of TB 
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 Total costs  Direct costs + opportunity costs 

Sputum smear test At the time of diagnosing conducted one sputum smear test, the 

outcome included negative and positive.   

Household economic 

burden  

Self-reported economic burden due to TB treatment  

The degree of symptoms 

at diagnosis 

The patients self-reported with different symptoms at diagnosis were 

divided into four categories. 1. None: no symptoms; 2.mild: with 

symptoms included cough, expectoration and dyspnea, night sweat, 

and debilitation; 3. Moderate: symptoms with fever and chest distress; 

4. severe: symptoms like hemoptysis. 

Interruption of treatment  Treatment interruption is defined as any interruption of treatment for 

at least one day but for < 8 consecutive weeks  

 222 
 223 

2.5. Data Analysis 224 
The data were double-entered with EpiData 3.1 software (EpiData Association, Odense, 225 

Denmark) for each patient, and cost summaries and analyses were performed by SPSS 20.0 226 
software. Continuous variables like direct costs, opportunity costs were summarized as means 227 
(± standard deviation [SD]) or medians (IQR), while categorical variables were summarized as 228 
proportions. Group comparisons were made with the rank correlation for median, the 229 
Mann-Whitney test or Kruskal-Wallis test for medians in two or multiple groups if their 230 
distribution were non-normal. We also did a confounder adjusted analysis for the association 231 
between pre-diagnosis costs or post-diagnosis costs and predictor variables respectively using 232 
linear regression. The costs were log transformed as they were not normally distributed. To 233 
explore more variables as predictor variables, the possible variables were all considered in the 234 
linear regression model irrespective the value in univariate group comparisons. A forward 235 
stepwise approach was used to find the appropriate model. Association was summarized using 236 
Beta coefficient (95% CI), P-value less than 0.05 were significant. Considering the 237 
multicollinearity in predictor variables, we calculated variance inflation factor (VIF) at the 238 
same time [13], If VIF was less than 10, then the predictor variables were included in the linear 239 
model. 240 

Considering in applying and interpreting the results of hypothesis testing in a 241 
log-transformed data on actual data (non-log transformed) [14]. Hence, we also conducted a 242 
confounder-adjusted association between costs and predictor variables using generalized linear 243 
model (logistic regression, the costs were divided as binomial variables based on median value. 244 
To explore more variables as predictor variables, the possible variables were all considered in 245 
the linear regression model irrespective the value in univariate group comparisons. Association 246 
was summarized using exp(β) coefficient (95% CI), P-value less than 0.05 were significant. 247 
 248 

2.6. Ethics Approval 249 
This study was approved by the research and ethics committee of the School of Public 250 

Health, Sun Yat-Sen University, China. Also, permission was obtained from the study site. A 251 
signed informed consent was obtained from all patients before being interviewed. 252 

3. Results 253 

3.1. Socio-demographic Characteristics and Care-seeking Behaviors 254 
The present study surveyed 533 eligible pulmonary tuberculosis patients who with no 255 

co-morbidity, 19 of whom were lost to follow-up, one of whom died from another disease, and 256 
18 of whom moved to other provinces. The rate of loss to follow-up was nearly 4%. Among the 257 
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514 patients receiving anti-TB treatment, 30 were re-treatment patients, and 95% were 258 
members of the migrant population from all over the country. The average age was 32.25 ± 259 
10.11 years, 65% (336/514) of the patients were male, and 35% were female. The mean monthly 260 
income of patients before illness was 448USD, about 71.4% of patients had monthly household 261 
income between 317.98 to 635.96 USD. One hundred seventy-six patients were identified 262 
when they accepted health check-ups required by their work units, and were then transferred 263 
to the CPC. They were diagnosed at CPC immediately without consulting to other facilities, 264 
so their pre-diagnosis costs were not calculated.  Three hundred thirty-eight patients were 265 
registered as a result of clinical consultation. Among the 338 patients, the median delay time 266 
of visiting doctors, defined as the period between onset of symptoms and first contact with a 267 
health-care provider, was 11 days (IQR 3-30), for reasons such as having no time, being 268 
unaware of the presence of tuberculosis, and lacking money. The median number of 269 
consultations prior to diagnosis was 3 (1, 20). The number of first visit in 270 
community healthcare center and general hospital was 71(21%) and 136(40.2) respectively.  271 
Only 48 (14%) patients initially visited a public facility, while the others reported that they first 272 
consulted either a drug shop or private clinic or did nothing. Then median delay time of 273 
diagnosis was about 7 (0,200) days. 274 

 275 
3.2. Pre-diagnosis Direct Costs  276 

Among the 338 patients who incurred costs due to consultation, the median outpatient 277 
medical cost incurred pre-diagnosis was 64USD (IQR 24-159) per patient. Twenty-two patients 278 
were admitted to the hospital before TB was diagnosed. Hospital patients incurred a 279 
substantial higher out-of-pocket expenditure. The median hospital expenditure was 477USD 280 
(IQR 318-823). The non-medical costs refer to transportation and accommodation fees. This 281 
study surveyed only the transportation fees for patients before diagnosis. The median 282 
transportation fee was 2USD (IQR 0-8). Costs due to the prescribing of non-TB drugs and 283 
diagnosis costs accounted for a high proportion of direct expenditures in the pre-diagnosis 284 
period (97.0%). 285 

3.3. Post-diagnosis Direct Costs 286 

A patient’s average number of health-care visits after TB was diagnosed was 9.7, with a 287 
maximum of 15 visits. The direct costs after TB was diagnosed were 748USD (IQR 567-987); 288 
the average cost for one visit was 77USD. Median medical cost was 542USD (IQR 465-618), 289 
then we further analyzed what constituted medical costs. Median costs for examinations and 290 
non-TB drugs were 307USD (IQR 273-341) and 211USD (IQR 166-265), respectively, which 291 
were clearly the most robust components, accounting for 55% and 40% of medical costs, 292 
respectively. Meanwhile, the auxiliary drugs, such as liver/kidney protection drugs and 293 
immunopotentiators, constituted the main part of non-TB drugs, with a median cost of 294 
174USD (IQR 135-219), accounting for 83% of the non-TB drug costs.  295 

The non-medical costs in the post-diagnosis period included transportation generated by 296 
patients and companions and supplementary food for patients. The median transportation 297 
cost was 19USD (IQR 10-31); the average cost for a single event was 3USD. Among the 298 
surveyed patients, 196 were escorted during treatment by their family or friends, and the 299 
median transportation cost was 5USD (IQR 2-13). About 340 patients improved nutrition with 300 
supplementary food, and the median cost was 302USD (IQR 127-489). The non- medical costs 301 
totaled 150USD (IQR 29-410). Clearly, the non-medical costs were relatively low (Table 2).The 302 
direct costs of intensive phase (the first two month ) and consolidation phase(the next 4 or 6 303 
month) 210.58(164.87,279.66) USD and 516.48(391.91,703.39) USD respectively. The direct 304 
costs of consolidation phase accounted for 70.7% of total pre-diagnosis direct costs. 305 

3.4. Opportunity Costs 306 
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Only 49 patients reported income lost while away from work due to seeking health care 307 
before diagnosis. Income lost by those patients, incurred during the pre-diagnosis period up to 308 
standard anti-TB treatment, was 32USD (IQR 16-83). Most of the opportunity costs were from 309 
lost income after TB was diagnosed (Table 2), because most patients were fired or could not 310 
physically continue working. For the pre-diagnosis period, the income loss was calculated 311 
based on each patient's daily income before illness (median, 32USD), multiplied by the total 312 
time the patient was out of work due to illness (median, 2 days, n = 49), mainly due to travel 313 
and consultation time at different health-care facilities. For the post-diagnosis period, the 314 
monthly income reduction for a complete treatment cycle was summed. The income lost at 315 
two stage of treatment was 31.80(0, 63.60) USD and 127.19(38.16, 683.66) USD. Most income 316 
lost came from the consolation phase. The opportunity cost during consolidation period 317 
accounted for 79% of total post-diagnosis opportunity cost. The time lost due to daily drug 318 
intake was not calculated in the current study. 319 

3.5. Total Patient and Household Costs 320 

The sum of median direct and opportunity patient and household costs was 1218USD 321 
(IQR 826-1963), which corresponds to 26% of annual individual incomes before TB illness 322 
(4770USD). The direct costs accounted for 61% of the total costs, and the ratio of direct to 323 
opportunity costs was 1.58. About 88.2% (1074/1218) of costs were encountered after the 324 
patients were diagnosed and accepting free DOTS treatment. 325 

Table 2. Median direct and opportunity costs of TB patients during different episodes of 326 
treatment in the study of Bao'an district, Shenzhen City, China, 2013 327 

Timing and Types of Costs 
Patient-reported costs during this Period All Patients***  

(n = 514) Number* % Median** (IQR range) 

Pre-diagnosis 

Direct costs 

Outpatient medical costs  338 66 64 (24-159) 19 (0-79) 

Hospital costs  22 4 477 (318-823) 0 (0-0) 

Transportation costs  338 66 2 (0-8) 0 (0-3) 

Pre-diagnosis direct costs^ 79 (24-191) 

Opportunity costs  

Foregone income before 

diagnosis 

49  10 32 (16-83) 0 (0-0) 

Median cost of pre-diagnosisd 79 (25-204) 

Post-diagnosis 

Direct costs 

Medical costs  514 100 542 (465-618) 542 (465-618) 

Examination 514 100 307 (273-341) 307 (273-341) 

Non-TB drugs 514 100 211 (166-265) 211 (166-265) 

 Auxiliary drugs 514 100 174 (135-219) 174 (135-219) 

Others 514 100 21 (20-24) 21 (20-24) 

Transportation 

For patients 514 100 19 (10-31) 19 (10-31) 

For companions 196  38 5 (2-13) 0 (0-3) 
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Supplementary food 340  66 302 (127-489) 127 (0-376) 

Post-diagnosis direct costs 748 (567-987) 

Opportunity costs 

Foregone income of patients  402  78 241 (90-1,181) 114 (24-797) 

Foregone income of companions 196  38 39 (16-84) 0 (0-24) 

Median cost of post-diagnosis   1074 (745-1820) 

Total direct cost   833 (609-1132) 

Total opportunity cost   157 (57-855) 

Median cost of all periods   1218 (826-1963) 

*Total number of patients, 514.  328 

**The average cost among patients who generated this kind of costs in row 2. 329 

**The average cost for all patients (514). 330 

^Pre-diagnosis direct cost = direct costs + transportation costs. Median cost of 331 
pre-diagnosis = direct costs + opportunity costs. 332 

3.6. The association of pre-diagnosis costs among tuberculosis patients  333 

The socio-demographic and care-seeking level characteristics of pre-diagnosis costs 334 
were summarized in table 3.  Those re-treated patients had more costs compared with 335 
newly patients (P=0.05) and patients who were in hospital due to tuberculosis generated 336 
more costs (P<0.0001). It seemed that the more number of times visiting to health-care 337 
facilities (P=0.05)，the longer of delay of diagnosis(P<0.0001) and delay of first visiting 338 
health-care facilities when symptom onset. 339 

The direction and significance of association between the pre-diagnosis costs and the 340 

number of times visiting to health-care facilities, whether in hospitals due to tuberculosis 341 

before diagnosis did not changed after a confounder adjusted analysis in linear regression 342 

analysis . However, the increase in delay of diagnosis was not found to be statistically 343 

significant in adjusting analysis (Table 4). But we found those who received higher education 344 

or occupied in national civil servant/services /retired staff might expense more before 345 

diagnosis in the linear regression analysis too. In the corresponding generalized linear 346 

regression, number of times visiting health-care facilities was found to be related 347 

pre-diagnosis costs statically significant (P<0.0001). (Table 5)    348 

3.7 The association of post-diagnosis costs among tuberculosis patients 349 

The socio-demographic characteristics of post-diagnosis costs had been depicted in Table 350 

6. Migrant population might have more costs during the tuberculosis treatment compared 351 

with native population (p=0.003). There were difference of costs after diagnosis as TB among 352 

different education level patients (P=0.039). Those who perceived that the TB imposed 353 

economic burden to household might have more expenses on the treatment (P=0.021).The 354 

status of sputum smear test at the time of diagnosis was positive generate more costs 355 

compared to the negative (P<0.0001).  356 

After a confounder adjusted analysis, the direction and significance of association of 357 

post-diagnosis costs and the household registration (migrant or native residents), reported 358 
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economic burden of households, sputum smear status did not changed (Table 7). The 359 

divorced or widowed patients had more costs compared to the unmarried in the linear 360 

regression analysis (p=0.044). In the corresponding generalized linear regression, only 361 

sputum smear status adopted in the model.  (P<0.0001). (Table 8)    362 

  363 

Table 3.  Association of pre-diagnosis costs by background characteristics and 364 
care-seeking behaviors among tuberculosis patients enrolled in the study of Bao'an district, 365 

Shenzhen City, China, 2013 366 

variables Number % 
median(IQR range)  of 

pre-diagnosis cost 
P 

Gender 

Female 116 34.32 68.37(18.28,166.14) 
0.121 

Male 222 65.68 81.48(31.8,240.39) 

age 338 100.00 79.5(25.2,204.43) 0.723 

Household registration 

Native patients 21 6.21 34.98(23.85,158.99) 
0.15 

Migrant patients 317 93.79 79.5(25.44,205.63) 

Marital status         

unmarried 105 31.07 79.5(23.85,238.49) 

0.158 
married 217 64.20 79.5(25.44,190.79) 

widowed/divorced 7 2.07 79.5(58.03,203.67) 

others  9 2.66 50.88(19.71,317.98) 

Education         

Primary/illiterate 48 14.20 72.5(17.01,168.53) 

0.171 
Junior high school  139 41.12 66.78(23.85,164.55) 

Senior high school  110 32.54 79.5(31.8,182.84) 

college or above 41 12.13 174.89(47.7,386.88) 

Occupation       

Workers 203 60.06 78.7(23.85,222.59) 

0.401 

Individual business 37 10.95 66.78(23.85,164.55) 

Others (national civil 

servant/services /retired staff etc.) 
64 18.93 123.22(57.63,328.31) 

Unemployed  34 10.06 174.89(47.7,386.88) 

Number of times visiting health-care facilities 

<=2 214 63.31 34.18(15.9,95.39) 

<0.0001 3~6 101 29.88 158.99(81.08,289.36) 

>=7 23 6.80 724.52(328.79,724.52) 
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health-care facilities for the first time 

community healthcare center 71 21.01 100.69(37.36,283) 

0.05 

public facility 48 14.20 95.39(63.6,249.61) 

general hospital 136 40.24 48.02(15.9,174.89) 

private clinics 
38 11.24 57.55(23.85,127.19) 

others 45 13.31 87.44(31.8,174.89) 

delay between symptom onset and first consultation 

<=7  152 44.97 80.29(28.14,271.48) 

0.375 
7~14 38 11.24 73.93(31.8,174.89) 

14~21 42 12.43 64.39(17.49,119.24) 

>=21 106 31.36 79.5(19.71,174.89) 

delay of diagnosis 

<=7  186 55.03 32.91(15.9,96.67) 

<0.0001 7~14 35 10.36 79.5(37.92,167.73) 

>14 117 34.62 166.94(81.08,479.83) 

Whether in the hospital due  to TB 

yes 22 6.51 1203.28(675.71,1564.46) 
<0.0001 

no  316 93.49 71.55(23.85,1669.55) 

The degree of symptoms at diagnosis 

None 50 14.79 76.63(17.49,280.88) 

0.412 
Mild 112 33.14 69.96(23.85,172.9) 

Moderate 88 26.04 80.61(31.8,173.94) 

Severe 88 26.04 82.2(31.8,302.08) 

History of  TB 

New patients 315 93.20 78.7(23.85,190.79) 
0.05 

Re-treated patients 23 6.80 100.69(48.49,297.98) 

 367 

Table 4  Confounder adjusted association between pre-diagnosis costs and various predicator 368 

variables using linear regression models in the study of Bao'an district, Shenzhen City, China, 369 
2013 (n=338) 370 

 371 

Predictors in the model  Beta coefficient  (95% CI)  P value VIF 

Number of times visiting 

health-care facilities 

0.12  (0.11,0.14) 

< 0.001 1.05 

whether in hospital due to TB (ref: no) 
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yes  -1.02 (-1.2,-0.84) < 0.001 1.03 

education（ref:Primary/illiterate)         

college or above 0.26  (0.12,0.39) < 0.001 1.03 

Occupation(ref:workers) 

Others (national civil 

servant/services /retired staff etc.) 0.13 
(0.02,0.24) 

0.02 1.03 

History of TB  (ref: new patients) 

Re-treated patients  
0.22  (0.04,0.40) 

0.02 1.02 

 372 
 373 

Table 5  Confounder adjusted association between pre-diagnosis* costs and various predicator 374 

variables using logistic regression models in the study of Bao'an district, Shenzhen City, China, 375 
2013 (n=338) 376 

 377 

 378 

*Pre-diagnosis costs in generalized linear model (logistic regression) was categorized based on median value 379 
among all participants 380 

 381 

Table 6  Association of post-diagnosis costs by background characteristics and 382 
care-seeking behaviors among tuberculosis patients enrolled in the study of Bao'an district, 383 

Shenzhen City, China, 2013 384 

Variables Number % 
median(IQR range)  of 

pre-diagnosis cost 
p 

predictor in the model  B Exp(B) (95% CI)  P value 

Number of times visiting health-care facilities 0.818 2.267 （1.760,2.919） <0.001 

History of TB  (ref: new patients) 

Re-treated patients 1.001 2.721 （1.037,7.140） 0.042 

Education(ref:Primary/illiterate) 

Junior high school  
-1.760 0.172 （0.062,0.475） 0.001 

Senior high school  -1.168 0.311 （0.137,0.705） 0.005 

college or above -.901 0.406 （0.176,0.936） 0.034 

delay of diagnosis -.014 0.986 （0.971,1.001） 0.062 

constant -1.920 0.147  0.003 
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Gender 

Female 178 34.63% 1128.91(764.9,1717.51) 
0.309 

Male 336 65.37% 1128.91(764.9,1717.52) 

Age 514 100% 1074.38(745.35,1818.69) 0.177 

Household registration 

Native patients 26 5.06% 760.93(489.53,1277.49) 
0.003 

Migrant patients 488 94.94% 1096.24(757.65,1852.85) 

Marital status 

unmarried 180 35.02% 1103.47(743.68,1864.68) 

0.193 
married 308 59.92% 1018.08(746.43,1719.76) 

widowed/divorced 10 1.95% 2208.69(844.63,3183.62) 

others 16 3.11% 879.98(691.18,1803.74) 

Education 

Primary/illiterate 63 12.26% 859.61(662.77,1398.92) 

0.039 

Junior high school 220 42.80% 1150.77(827.62,1921.22) 

Senior high school 169 32.88% 1021.42(722.61,1632.99) 

college or above 62 12.06% 1064.25(682.54,1924.26) 

Occupation 

Workers 203 60.06% 78.7(23.85,222.59) 

0.772 

Individual business 37 10.95% 66.78(23.85,164.55) 

Others (national civil 

servant/services /retired 

staff etc.) 

64 18.93% 123.22(57.63,328.31) 

Unemployed 34 10.06% 174.89(47.7,386.88) 

Sputum smear status 

negative 287 55.84% 963.15(699.21,1601.36) 
<0.0001 

positive 227 44.16% 1222.47(803.39,1982.94) 

Interruption of treatment 

Yes 67 13.04% 1084.95(801.68,1412.53) 
0.572 

No 447 86.96% 1067.95(740,1864.68) 

Household economic burden 

Heavy 149 28.99% 1153.54(787.48,1976.25) 

0.021 Moderate 236 45.91% 1096.28(740.46,1888.75) 

No burden 129 25.10% 961.76(668.92,1344.58) 

Adverse drug reaction 
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Yes 268 52.14% 1112.96(743.44,1852.95) 
0.447 

No 246 47.86% 1009.81(745.35,1792.01) 

The degree of symptoms at diagnosis 

None 131 25.49% 1009.75(733.98,1810.5) 

0.737 

Mild 181 35.21% 1014.74(719.11,1654.26) 

Moderate 103 20.04% 1143.66(770.15,1728.62) 

Severe 99 19.26% 1140.12(757.65,1971.92) 

History of TB 

New patients 484 94.16% 1043.25(733.95,1817) 
0.064 

Re-treated patients 30 5.84% 1293.75(956.37,1911.22) 

 385 

Table 7  Confounder adjusted association between post-diagnosis costs and various predicator 386 
variables using linear regression models in the study of Bao'an district, Shenzhen City, China, 387 

2013 (n=514) 388 

Predictors in the model  Beta coefficient  (95% CI)  P value VIF 

Sputum smear status（ref：negative）  

positive 0.08 (0.036,0.128) < 0.001 1.005 

household registration   (ref: Native patients) 

Heavy 0.15 (0.043-0.254) 0.006 1.032 

reported-household economic burden（ref:no burden)  

Heavy 
-0.06 (-0.109,-0.003 0.040 1.038 

marital status (ref:unmarried) 

widowed/divorced 0.17 (0.04,0.333) 0.044 1.03 

 389 

Table 8 Confounder adjusted association between post-diagnosis* costs and various predicator 390 

variables using logistic regression models in the study of Bao'an district, Shenzhen City, China, 391 
2013 (n=514) 392 

 393 

predictor in the model  B Exp(B) (95% CI)  P value 

Sputum smear status  (ref: negative ) 

positive 0.653 1.921 （1.350,2.735） <0.001 

constant -0.288 0.750  0.016 

 394 

 395 

4. Discussion 396 
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This study evaluated the economic burden borne by TB patients in Shenzhen City during 397 
their illness. We included 533 eligible patients in the survey, 19 of which were lost to 398 
follow-up. The average age of them was 29.6±10.2years. The male was 14 and female was 5. 399 
One patient was with a severe symptoms appeared hemoptysis. The others were with mild or 400 
moderate symptoms like cough, chest distress and fever etc. the lost to follow-up was about 4 401 
percent, and the general Socio-demographic and clinical characteristics of those 19 402 
participants lost to follow-up were identical with the 514 patients. So，we considered there no 403 
much influence on our conclusion. 404 

As one of the most population of Shenzhen district and owing numbers of factories, the 405 
migrant population in Bao’an always exceeds the average level of Shenzhen city. The total 406 
number of registered active tuberculosis cases were 1317, included 76(5.8%) native case and 407 
1241(94.2%) migrant cases in 2013[15]. In our study, 95 percent were migrant cases, and about 408 
80% of patients were factory workers or service staffs who general were in a poor economic 409 
status and poor living environment. Under the DOTS program, the CPC provide tuberculosis 410 
patients with a radiologic imaging studies (X-ray) , sputum smear tests and anti-TB drug 411 
during treatment for free amounting to 102.07USD. We found that the migrant patients faced 412 
much costs during TB treatment. This may be owing to the different mode of payment and 413 
free strategy. The current study confirmed that TB patients are from vulnerable groups, and 414 
that migrant groups working in factories face worse living conditions and lower average 415 
income than the general population.  416 

The median household costs found in this study (1218USD) were far higher than those in 417 
Africa, India, and rural China [16-18]. These differences could partly be explained by the 418 
differences in purchasing power among these countries/districts and/or due to the omission of 419 
some cost elements in these studies. The more important reason may be the prospective 420 
follow-up design of this study, which reduced recall bias. We found that, one year prior to the 421 
study, 78.5% percent of patients had annual household incomes between 795 and 15,899USD, 422 
while 13 patients made less than 795USD a year. The direct and opportunity costs 423 
corresponded to 26% (1218/4685) of annual personal income. These costs constituted a 424 
considerable part of their disposable income after payment of fixed costs such as rent, 425 
electricity, and water, along with insurance. Moreover, patients must face these costs for more 426 
than 6 months; over a quarter of patients reported that the economic burden of cure was 427 
heavy. Twenty-three patients reported incurring debts due to illness. Factory workers and the 428 
unemployed had to rely on help from their families. Some authors have concluded that all 429 
costs to TB patients account for a higher percentage of their annual income [16, 19-21]. For 430 
example, a survey in three countries showed that treatment-related costs were equivalent to 431 
approximately one year of individual income [22]. The differences between these studies and 432 
ours may be explained by social background, and a higher income level in our study 433 
population. 434 

Direct costs are still substantial, with non-TB drugs and auxiliary examinations as the 435 
most significant cost items [23-25]. Additional drugs, such as those for protecting the 436 
liver/kidney or symptomatic treatment, and examinations must be paid for, and it appears 437 
that this led to the high costs during the treatment period, indicating that there may be 438 
over-prescription and over-service, as reported in other studies [26, 27]. Although income loss 439 
and time loss have not affected every tuberculosis patient interviewed, a considerable number 440 
of patients reported being negatively influenced by the disease and concomitant income and 441 
time loss. About 37% (190/514) of the patients were unemployed or suspended from work 442 
after contracting TB and had no income, while the others remained employed and 443 
experienced income loss due to monthly doctor visits. Only 36% of patients had insurance 444 
through the workplace. Patients reported that only a small fraction of medical costs could be 445 
reimbursed, and if they became unemployed, their insurance could lapse. Fifty-nine percent 446 
of patients had no insurance. Thus, departure from daily money-earning activities had a 447 
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negative economic impact on patients with TB, resulting in impoverishment and worsening 448 
their living situations [23]. However, the opportunity costs in these cases may be 449 
underestimated, since the value of time loss due to daily drug intake was not calculated, and 450 
some patients reported that they had no clear concept of their reduced income due to absences 451 
from the workplace.  452 

Out-of-pocket costs and income loss pre-diagnosis were much lower compared with 453 
those post-diagnosis, accounting for less than 10% of total costs. This is consistent with reports 454 
from other studies [28, 29]. A review of the financial burden of tuberculosis indicated that half 455 
of total costs were incurred before treatment [30]. The possible reason for this may be that 456 
individuals found it difficult to comprehend the concept of calculating the monetary value of 457 
unpaid work, and many of the patients in this study were found as a result of the health 458 
check-ups required by their work units. Those suspected patients were initially referred to the 459 
CSC for diagnosis, and the first X-ray and sputum smear test were free for them. The delay of 460 
diagnosis and number of times visiting health-care facilities were decreased and less costs 461 
incurred. We find that those who accepted higher education and occupied in national civil 462 
servant/services or retired staff may incur more costs before diagnosis. Those patients may 463 
have a good economic condition and care more about self-health conditions.  464 

 Less than one-fifth of patients initially visited a public health-care facility at the onset of 465 
TB symptoms. This led to long delays in the identification of a treatment-seeking pathway 466 
before a proper diagnosis was confirmed. The reasons for this may be gender, education, and 467 
economic conditions in terms of patients who missed the perfect treatment period, resulting in 468 
an advanced disease [31]. Financial considerations are a major factor contributing to 469 
health-seeking behavior in the Chinese population [32]. Inefficiencies in public health facilities 470 
and control services at private facilities are the two main constraints responsible for prolonged 471 
delay and increased costs of TB diagnosis [33, 34]. In our analysis, we found visiting times as 472 
one of the factors affecting related pre-diagnosis costs, with a mean of 3 visits to different 473 
health-care facilities. Only 35.6% of patients reported that they were diagnosed with suspected 474 
tuberculosis at their first visit, and the rest were informed that they had pneumonia, pleurisy, 475 
a cold, and so on. Consistent with our study, other investigators pointed out that early 476 
diagnosis of tuberculosis reduced costs while achieving treatment success [35, 36]. Given that 477 
TB case detection under the current DOTS strategy in China is through passive case findings, 478 
it is imperative to increase patient and community health education and, further, to strengthen 479 
the consciousness and capacity of grass-roots public facilities to transfer suspected TB patients 480 
to better-equipped hospitals through improved work motivation. 481 

Treatment interruption is defined as any interruption of treatment for at least one day but 482 
for < 8 consecutive weeks [37], which has been proven to be a risk factor in treatment failure, 483 
drug resistance, relapse, and death [38, 39]. Economic disadvantage is strongly associated with 484 
non-adherence to TB treatment [40]. Meanwhile, the link between medical costs and 485 
adherence in China has been proven [41]. In our study, we didn’t find that this related to high 486 
treatment costs statistically. But we find that above seventy percent of post-diagnosis costs 487 
occurred during consolidation period. This may be an economic factor influencing the 488 
adherence of treatment. Thirteen percent of patients reported that they had interrupted 489 
treatment for more than two months, mainly due to: first, side-effects from drugs, when 490 
patients experienced a heavy adverse reaction such as liver damage, especially at the intensive 491 
period, which always required doctors to stop treating to protect the liver; second, when 492 
patients returned to their home towns, where current strategies prevented them from taking 493 
anti-TB drugs beyond one month, so many chose to stop treatment; and finally, more than 90% 494 
of the patients who discontinued treatment did so during the continuation phase of treatment, 495 
reportedly because, during this phase, most symptoms disappeared and patients erroneously 496 
believed that they were cured, making them reluctant to bear the extra burden of the medical 497 
costs and income loss. High treatment costs may deter patients who have the most income loss 498 
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from continuing treatment [42]. The patients who stopped treatment usually developed 499 
advanced disease difficult to cure, resulting in a longer period of cure and, in turn, higher 500 
costs. This seems to be a vicious cycle whereby expenditures increase while interruption leads 501 
to more expenditure. Other factors, such as inconvenient daily drug intake and work 502 
obligations, were also taken into consideration by the patients. 503 

Although gender was associated with higher costs in some studies [43], we found no 504 
difference in costs between male and female patients, consistent with results from another 505 
study [44]. Re-treated patients and sputum smear positive patients may have higher 506 
expenditures during different treatment episodes due to a longer treatment period and more 507 
complicated conditions.  508 

This study may seem to be only partly representative of Shenzhen City, since only one 509 
district was included. However, the study is representative of most tuberculosis patients in 510 
Shenzhen City, because about 50% of all cases under DOTS came from the study site. The 511 
re-treatment rate in our study was 5.84%, which is similar to that reported in other studies, 512 
with a re-treatment rate of 6.7% in Shenzhen [45] and 6.4% in other provinces in China [46]. 513 
This indicates that our study was acceptably representative of the treatment conditions for TB 514 
patients in Shenzhen specifically and China generally. As other studies related to the 515 
household costs of tuberculosis, this study also relied on self-reported costs of pre-diagnosis 516 
and household income. Thus, recall and reporting bias could not be avoided. Hence, we 517 
conducted the first interviews of patients after one month of treatment to reduce recall time. 518 
Interviewers were also trained to reduce the bias by logic-checking the information from the 519 
registration system and recognizing unusually high costs for specific items. In addition, asking 520 
patients to calculate the monetary value of unpaid work proved to be difficult, even though 521 
our interviewers explained as much as they could. 522 

Our study does have some limitations. First, our study only investigated the economic 523 
burden of patients brought by TB and those with severe co-morbidities such as AIDS, diabetes, 524 
and lung cancer and older than 59 were excluded. Therefore our study may reflect the 525 
economic burden faced by patients result from TB instead of all population and all kinds of 526 
diseases. Second, in our study, we did not survey the information regarding companion costs 527 
although it may not have much impact on the results since most TB patients in China did not 528 
need to be companion during the treatment. Third, we collected the range of the household's 529 
pre-TB annual income of every patient instead the exact number. As a result, we are not able 530 
to conduct the analysis regarding catastrophic cost. 531 

5. Conclusions 532 

In conclusion, patients and their households face heavy expenditures due to the costs of 533 
TB care, which accounted for 26% of patients’ annual income. Costs were not equally spread 534 
over time, but in the post-diagnosis period, the costs are highest, exacerbating the problem of 535 
affordability. Free TB drugs are not the same as free treatment, and non-TB drugs, 536 
examinations, and loss of income are important considerations for patients. The income loss 537 
among all patients averaged 157USD (IQR 57-855). More visits to health-care facilities 538 
generated more out-of-pocket costs. Patients who had severe symptoms and re-treated 539 
patients bore a heavier burden. For high costs to be avoided, more attention should be paid to 540 
TB patients, even under the DOTS strategy. TB patients require testing methods with higher 541 
sensitivity, higher specificity, and lower costs to reduce their need for visits to health-care 542 
facilities, along with more instructions to improve their adherence to treatment, leading to 543 
lower re-treatment rates. 544 
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Abstract: Background: Illness-related costs expenditures experienced by patients produce a 43 
severe economic impact on households, especially those of poor families. Few studies have 44 
investigated the full costs, including direct and opportunity costs, at the patient and 45 
household levels in the south-east of China. Methods: A case follow-up study was conducted 46 
in the Bao'an district,  of Shenzhen City, China. Eligible new and re-treated individuals with 47 
pulmonary TB in the Bao'an district during 1 January 1st 2013 to 30th June 2013the study period 48 
were enrolled. Medical and non-medical costs as well as income loss were calculated in 49 
pre-diagnosis and post-diagnosis periods, respectively. Factors affecting associated 50 
pre-diagnosis high costs and post-diagnosis costs were explored respectively with a linear 51 
regression modelmultiple regression model. Results: Of the total 514 TB patients enrolled, 52 
most were from the migrant population, and 65% were males (336), with a mean age of 32.25 53 
(±10.11) years. The median pre-diagnosis direct costs, direct post-diagnosis costs, and 54 
post-diagnosis medical and non-medical costs were 79USD, 748USD, 542USD, and 150USD 55 
(6.2897CNY = 1USD, 2013) per patient, respectively. The median total cost of TB treatment 56 
per patient was 1218USD, corresponding to 26% of patients’ annual income pre-illness. 57 
Factors Variables associated with out-of-pocket pre-diagnosis costs included number of 58 
times visiting health facilities, whether in hospital due to TB , education, History of TB. 59 
Variables associated with post-diagnosis costs waswere household registration, sputum 60 
smear status, eportedreported-household economic burden, martialsmarital statushistory of 61 
TB, and the degree of symptoms at diagnosis.  Conclusions: Although a free TB control 62 
policy is in force, patients with TB are still facing a heavy economic burden. More available 63 
interventions to reduce the financial burden on tuberculosis patients are urgently needed. 64 

Keywords: Tuberculosis; cost of illness; economic burden; China 65 

 66 

1. Introduction 67 

Tuberculosis (TB) is one of the top 10 causes of death worldwide as well as being the 68 
leading cause from a single infectious agent (more than HIV/AIDS). According to 2018 global 69 
estimates, there were almost 10 million new cases of TB and 1.3 million TB deaths in 2017 [1]. 70 
The high prevalence of TB is always a critical public health problem in China, accounting for 71 
the second highest number of cases in the world except in India, with 778,000 identified cases 72 
of TB in 2017 [1]. Since 1990, the WHO-recommended directly observed treatment + short 73 
course chemotherapy (DOTS) strategy to control this epidemic has been implemented by the 74 
Chinese government under the National Tuberculosis Control Program [2], whose guidelines 75 
include free anti-TB drugs for 6 months to new patients with TB and for 8 months to 76 
re-treatment patients in addition to  multi-drug resistant/ extensively-drug resistant 77 
(MDR/EXDR) patients. Tests include one free X-ray test for individuals suspected of having 78 
TB at their first visit, one free sputum smear test for those whose X-ray tests are abnormal, and 79 
free sputum smear tests for patients undergoing free anti-TB treatment. With the development 80 
of molecular biology, a new testing method called GeneXpert/RIF (abbreviated as Xpert) is 81 
recommended. With a shorter time of testing, higher sensitivity, and higher specificity, Xpert 82 
has been rapidly adopted for clinical diagnoses in China [3]. 83 

However, many investigators have pointed out that both the TB patients and their 84 
households bear a heavy economic burden. Even the free DOTS control strategy is far from 85 
sufficient [4, 5]. Tuberculosis is a well-known poverty-related disease, an association that has 86 
been well-established at both patient and household levels, usually related to the 87 
disadvantages of socio-economic status. In particular, among those who come from rural and 88 
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poor districts, the scarcity of health resources and their poor economic condition place them in 89 
a more serious situation [6]. The financial aspect is a major factor contributing to 90 
health-care-seeking behavior among Chinese patients. Delayed and repeated visits to clinics 91 
before diagnosis, the over-prescribing of drugs, and prolonged treatment are common [7]. 92 
Patients must bear heavy too much out-of-pocket expenditureseconomic burden, such as, for 93 
example, medical and transportation costs, and income loss, precluding them from further 94 
adhering to treatment and resulting in treatment failure [5].    95 

There have been many studies on the cost-effectiveness of different TB control strategies, 96 
mainly investigating the costs to the health system in the Eastern, Middle, and Western 97 
Regions of China. These studies focused mainly on the effectiveness of medical insurance for 98 
coping with the costs of illness as well as patient compliance with drug regimens [5, 8]. 99 
However, far fewer studies have measured the costs to patients and households or the full 100 
costs, including direct and opportunity costs, from the onset of symptoms to the end of 101 
treatment in the south-east of China. To achieve the health-related Sustainable Development 102 
Goal (SDG) proposed by the United Nations and the goal of ending the TB epidemic by 2035 103 
proposed by WHO, whose last target reads “No TB patients and their families face 104 
Catastrophic costs (>20% of annual household income)” [9], all TB patients should receive 105 
accessible and affordable standard medical treatment. Therefore, the present study was 106 
performed to evaluate the out-of-pocket direct costs as well as productivity lost related to 107 
illness. Potential factors associated with these costs were also explored. We aimed to establish 108 
the evidence base for interventions that can contribute to TB-related cost reduction, increase 109 
patient adherence to treatment, and treatment success rates. There is a need to document the 110 
full economic burden of TB care borne by patients and their households. 111 

2. Materials and Methods  112 

2.1. Study Setting 113 
Shenzhen City is one of the most prosperous regions in China, with a Gross Domestic 114 

Product (GDP) of nearly 225 269 million CNY in 20172019. Its estimated population is over 12 13 115 
million, with the migrant population constituting 65.3% while this rate is 82.4% in Bao’an 116 
district of the total regional population according to the Shenzhen statistical yearbook 2019. 117 
(http://tjj.sz.gov.cn/). The mean household income in the region was 6,656.79 USD of 2012 118 
according to the Statistical yearbook 2013. The rapid economic growth in the city, leading to 119 
higher income levels, attracts numerous young migrant workers, mostly from remote poor areas 120 
exposed to substandard conditions such as lower societal status, poor standard of living, limited 121 
health knowledge, and less accessibility to health services, thus creating favorable conditions for 122 
infection with Mycobacterium tuberculosis and progression to disease. Such conditions delay 123 
individuals from seeking health care, resulting in advanced disease and continued transmission 124 
of TB in the community. Although analysis of recent data has shown a decreasing incidence of 125 
TB in the Shenzhen region, its prevalence in the Bao'an district, where a heavy concentration of 126 
migrant workers contributes to a high TB case load, is still high. 127 

The Bao'an district implemented the 10-year World Bank TB project in 1992, brought the 128 
migrant population into the National TB control program (NTP), and adapted the DOTS 129 
strategies. After this ended in 2002, the Shenzhen TB control project in Guangdong province was 130 
launched. Then, as a representative of Guangdong province, the Bao'an district was selected as 131 
one of the seven counties to implement the fifth round of the globally funded TB control project. 132 
Up to 2010, the Bao'an district was selected by the China Ministry of Health as the site of a 133 
demonstration area for a tuberculosis control model. Since then, the average diagnosis and cure 134 
rates have greatly improved. The hosptialshospitals were the main palce finding tuberculosis 135 
case and the Center for Prevention and Cure of chronic diseases (CPC) were the local designated 136 
TB facilities in the national TB programme networks, providing treatment and managing the 137 
tuberculosis cases. The healthcare providers in general hospitals were obligate to refer the 138 
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suspected cases to CPC and the basic information of suspected cases were sent to CPC. If the 139 
cases did not consulted to CPC in time, the workers of CPC would contact the suspected case. 140 
Actively cooperating with medical institutions and TB prevention and control institutions, the 141 
discovery rate and report quality was increasing by years. In 2010, the prevalence rate of smear 142 
positive of native population was 19.44 per 100 000 population, and that of the migrant 143 
population was 59.96 per 100 000 population and the cure rates for both native and migrant 144 
patients were 94.79% and 82.91%, respectively [10]. The main health-care sources in China are 145 
district public health facilities organized into three tiers of referral: primary (Center for 146 
Prevention and Cure of chronic diseases), secondary (sub-district prevention and care 147 
dispensaries), and tertiary (Community health-care stations) [11]. The DOTS program means 148 
directly observed treatment +short course chemotherapy for non-inpatient tuberculosis patients, 149 
and is available only in public health facilities, where patients have free access to diagnostic and 150 
treatment services. The Center for Prevention and Cure of chronic diseases (CPC) is the 151 
institution authorized to provide TB diagnosis, treatment, and monitoring. The CPC provides 152 
patients with laboratory services like sputum smear testsand an radiologic imaging studies 153 
(X-ray) while diagnosised, and sputum smear tests during treatment,after diagnosis, as well as 154 
regular re-examinations and anti-TB drugs for 6-8 months for free. Patients must regularly 155 
return to CPC every month after starting to take anti-TB drug until the treatment is over. 156 
Generally, the number of times of subsequent consultations are 5 and 7 to newly-patents and 157 
re-treated patients respectively. The costs of ervery month including auxiliary examinations and 158 
subsidiary drugs like hepatinica, gastric medicine, and immunopotentiator etc are not 159 
free.Other costs, however, including auxiliary examinations and subsidiary drugs like 160 
hepatinica, gastric medicine, and immunopotentiator etc,, are not free. The sub-district 161 
prevention and care dispensaries and Community health-care stations coordinating with the 162 
CPC are obligated to perform routine monitoring, referral, and supervision. Adherence is 163 
directly monitored by the health workers of Community health-care stations for daily drug 164 
intake, adverse reactions, and other activities of admitted patients. If patients fail to take a 165 
specific drug for 2 days, the workers will contact them by telephone to ensure that the patients 166 
complete their treatment.  167 
 168 

2.2. Study Design and population 169 
A case follow-up study was conducted in the Bao'an district with an ongoing NTP-DOTS 170 

project. Newly diagnosed and re-treated TB patients aged 15-59 years old, who registered in the 171 
CPC duringfrom 1 January 2013 to June 2013, were included and were followed up until the 172 
completion of a 6- to 8-month treatment course. Those with severe co-morbidities complications 173 
such as AIDS, diabetes, and lung cancer and those who refused to accept investigation were 174 
excluded. The patients aged above 59 were excluded considering the elderly may have more 175 
comorditiescommodities and those with MDR-TB were excluded too.Transferred patients were 176 
also excluded from the study, since information on previous out-of-pocket expenditurescosts 177 
was not available. Consecutive consenting eligible patients were interviewed until the required 178 
sample size was reached. The operational definition of various costs and indicators were 179 
summarized in table 1. 180 
 181 
2.3. Data Collection  182 

All eligible cases were subjected to five (new patients) or seven (re-treatment patients) 183 
interviews at the Department of Tuberculosis Prevention and Control in Bao'an CPC. A 184 
structured questionnaire was used, covering general demographic and socio-economic 185 
characteristics, disease history, care-seeking process, treatment behaviors, and out-of-pocket 186 
expenditurescosts both of pre- and post-diagnosis. Self-reported economic status information 187 
was collected based on different localities with various levels of development. The first 188 
interview was at the first month of intensive phase of treatment, when patients’ retrospective 189 
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care-seeking history and related expenditures, including pre-diagnosis, starting from the time 190 
point when the patients experienced the first symptoms, and the intensive phase related costs, 191 
were collected. The other four or six interviews occurred monthly when patients came for 192 
regular re-examinations. The patients’ TB care experiences and transportation fee, 193 
supplementary food cost, and foregone income of patients and companions expenditures 194 
after the intensive phase were collected in follow-ups. 195 

A graduate student with two locally recruited research assistants, health workers who had 196 
participated in a standardized training session, conducted those interviews. A logic check of all 197 
data collected was undertaken to determine if there were any contradictions or missing 198 
information. Those contradicionscontradictions or missing information questions would be 199 
asked of patients again in a subsequent interview. We also evaluated the quality of collected 200 
data by verifying the routine health information system. 201 
 202 

2.4. Measurements and Definitions  203 
We analysisnanlyzed the economic burden from tuberculosis patients’ perspective. The 204 

primary outcome variables were the mean (median) expense incurred during illness..The 205 
primary outcome variables were the mean (median) number of patients and household costs 206 
incurred.  Information on costs was ascertained for different periods, summarized as pre- and 207 
post-diagnosis. 208 

Direct costs included all out-of-pocket expenditurescosts of patients and companions 209 
attributable to their illness [12], which consisted of the medical costs related to TB diagnosis and 210 
treatment (clinical and hospitalization expenses), and non-medical costs incurred by patients or 211 
householdscompanions, such as transportation to health facilities and supplementary food. 212 
Opportunity costs referred to the income lost by patients and their households companions 213 

associated with time lost  fromoff work. Assuming 30 working days per month, we evaluated the 214 
value in terms of money for each day, and opportunity costs was calculated as the value per 215 
day  multiplied by the length of time  patients were outoff of work due to illness. The income 216 
lost before diagnosis was calculated based on each patient’s monthly wage prior to the onset of 217 
TB. The lost income after diagnosis was calculated based on the monthly wage if patients were 218 
still on working during illness.To quantify income lost afterAfter diagnosis, patients were asked 219 
about the actual reduction of income lost income that they and their companions had 220 
experienced due to absence from their usual income-generating activities at every interview. 221 
These monthly income reductions were then summed.  The income lost by companions 222 
pre-diagnosis was not included in the analysis, since only a few such losses occurred. The time 223 
spent on daily drug intake was also not calculated, because most patients took drugs on their 224 
way to work or at the community health-care stations close to their homes. 225 

The economic burden was then analyzed as a proportion of patients’ total annual income. 226 
The free services provided during diagnosis and treatments were not included in the medical 227 
costs. Information about costs after diagnosis was extracted from the information system of the 228 
study facility. Information on costs covered by insurance could not be obtained, since the 229 
insurance had not been settled at the end of the interview.  230 

Table 1. Operational definition of study participants and TB treatment cost in the study 231 

of Bao'an district, Shenzhen City, China, 2013 232 

Terminology  Definition 

Study participants All newly diagnosed and re-treated TB patients accepted treatment in 

CPC during 1 January 2013 to June 2013  

Study participants 

ineligible  

Patients with severe co-morbidities such as AIDS, diabetes and lung 

cancer   with multidrug-resistant TB, aged>59 were excluded. 

Pre-diagnosis costs Costs between symptom onset and diagnosed as TB   

Post-diagnosis costs  Costs from treatment initiation up to treatment completion 



 6 

Direct medical costs  Expenses of medical examinations and medicines linked to TB 

diagnosis and treatment 

Direct non-medical costs Costs for transport, food expenditures ,nutrition supplements due to 

TB 

Direct cost  Direct medical costs + direct non-medical costs 

Opportunity costs Patients and companions’ lost income due to TB-related time off work 

during the TP episode. The pre-diagnosis opportunity cost was 

estimated using the time off work multiplied by the reported 

individual income prior to the onset of TB 

 Total costs  Direct costs + opportunity costs 

Sputum smear test At the time of diagnosing conducted one sputum smear test, the 

outcome included negative and positive.   

Household economic 

burden  

Self-reported economic burden due to TB treatment  

The degree of symptoms 

at diagnosis 

The patients self-reported with different symptoms at diagnosis were 

divided into four categories. 1. None: no symptoms; 2.mild: with 

symptoms included cough,  expectoration and dyspnea, night sweat, 

and debilitation; 3. Moderate: symptoms with fever and  chest 

distress; 4. severe: symptoms like  hemoptysis. 

Interruption of treatment  Treatment interruption is defined as any interruption of treatment for 

at least one day but for < 8 consecutive weeks  

 233 
 234 
2.5. Data Analysis 235 

The data were double-entered with EpiData 3.1 software (EpiData Association, Odense, 236 
Denmark) for each patient, and cost summaries and analyses were performed by SPSS 20.0 237 
software. Continuous variables like direct costs, opportunity costs were summarized as means 238 
(± standard deviation [SD]) or medians (IQR), while categorical variables were summarized as 239 
proportions. Group comparisons were made with the rank correlationt-test for meansmedian, the 240 
Mann-Whitney test or Kruskal-Wallis test for medians in two or multiple groups. , and 2 tests 241 
for proportions.if their distribution were non-normal. 242 

We also did a confounder adjusted analysis for the association between pre-diagnosis costs 243 
or post-diagnosis costs and predictor variables respectively using linear regression. The costs 244 
were log transformed as they were not normally distributed. To explore more variables as 245 
predictor variables, the possible variables were all considered in the linear regression model 246 
irrespective the value in univariate group comparisons. A forward stepwise approach was used 247 
to find the appropriate model. Association was summarized using Beta coefficient (95% CI), 248 
P-value less than 0.05 were significant. Considering the multicollinearity in predictor variables, 249 
we calculated variance inflation factor (VIF) at the same time [13], If VIF was less than 10, then 250 
the predictor variables were included in the linear model. 251 

Considering in applying and interpreting the results of hypothesis testing in a 252 
log-transformed data on actual data (non-log transformed) [14]. Hence , we also conducted a 253 
confounder-adjusted association between costs and predictor variables using generalized linear 254 
model (logistic regression, the costs were divided as binomial variables based on median value. 255 
To explore more variables as predictor variables, the possible variables were all considered in 256 
the linear regression model irrespective the value in univariate group comparisons. Association 257 
was summarized using exp(β) coefficient (95% CI), P-value less than 0.05 were significant. 258 
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Since the costs did not follow a normal distribution, we converted them to a logarithm, and 259 
then used a multiple-regression analysis to determine factors associated with the economic 260 
burden due to TB illness. First, bivariate analyses were done with the Chi-square test or 261 
Mann-Whitney analysis to examine the effect of each predictor variable on economic burden. 262 
Then, the multivariable model was constructed, including all variables with bivariate p < 0.1. A 263 
forward stepwise approach was used to find the appropriate model. P-values less than 0.05 were 264 
significant. All of this was performed with SPSS 20.0 software. 265 
 266 
2.6. Ethics Approval 267 

This study was approved by the research and ethics committee of the School of Public 268 
Health, Sun Yat-Sen University, China. Also, permission was obtained from the study site. A 269 
signed informed consent was obtained from all patients before being interviewed. 270 

3. Results 271 

3.1. Socio-demographic Characteristics and Care-seeking Behaviors 272 
The present study surveyed 533 eligible pulmonary tuberculosis patients who with no 273 

co-morbidity, 19 of whom were lost to follow-up, one of whom died from another disease, and 274 
18 of whom moved to other provinces. The rate of loss to follow-up was nearly 4%. Among the 275 
514 patients receiving anti-TB treatment, 30 were re-treatment patients, and 95% were 276 
members of the migrant population from all over the country. The average age was 32.25 ± 277 
10.11 years, 65% (336/514) of the patients were male, and 35% were female. The mean monthly 278 
income of patients before illness was 448USD, Aabout 71.4% of patients had monthly 279 
household income between 317.98 to 635.96 USD.and the range of annual household income 280 
was between 795 and 15,899USD. About 71.4% of patients had monthly household income 281 
between 2000 to 4000. 282 

One hundred seventy-six patients were identified when they accepted health check-ups 283 
required by their work units, and were then immediately transferred to the CPC,. They were 284 
diagnosed at CPC immediately without consulatingconsulting to other facilities, so their 285 
pre-diagnosis costs were not calculated.  so no transportation fee or time loss occurred before 286 
diagnosis. Three hundred thirty-eight patients were registered as a result of clinical 287 
consultation. Among the 338 patients, the median delay time of visiting doctors, defined as the 288 
period between onset of symptoms and first contact with a health-care provider, was 11 days 289 
(IQR 3-30), for reasons such as having no time, being unaware of the presence of tuberculosis, 290 
and lacking money. The median number of consultations prior to diagnosis  was 3 (1, 20). The 291 
number of first visit in community healthcare center and general hospital was 71(21%) and 292 
136(40.2) respectively.  Only 4814% (4814%) of patients initially visited a public facility, while 293 
the others reported that they first consulted either a drug shop or private hospitalclinic or did 294 
nothing. Then median delay time of diagnosis was about 7 (0,200) days. 295 

 296 

Variable Number (%) 

Age (years) 

< 20 20 (3.89%) 

20~30 238 (46.3%) 

30~40 143 (27.82%) 

40~50 70 (13.62%) 

>50 43 (8.37%) 

Gender 

Male 336 (65.40%) 

javascript:;
javascript:;
javascript:;
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Female 178 (34.60%) 

Type of TB 

Newly diagnosed patients 484 (94.16%) 

Re-treatment patients 30 (5.84%) 

Marital status 

Single 180 (35.02%) 

Married 308 (59.92%) 

Other (divorced, cohabiting) 26 (5.06%) 

Education 

Illiterate or primary school  63 (12.26%) 

Junior high school 220 (42.80%) 

Senior high school 169 (32.88%) 

Junior college and above 62 (12.06%) 

Occupation 

Factory worker 316 (61.48%) 

Individual business  46 (8.95%) 

Other (include company stuff/service personnel) 99 (19.26%) 

Unemployed 53 (10.31%) 

Residence 

Native  26 (5.06%) 

Migrant 488 (94.94%) 

Self-reported economic status* 

High 30 (5.84%) 

Medium 323 (62.84%) 

Low 161 (31.32%) 

First visited a public facility 

Yes  48 (9.34%) 

No  466 (90.66%) 

Annual household income (USD)  

<795 13 (2.53) 

795-2385 44 (8.56) 

2385-4770 114 (22.18) 

4770-9539 133 (25.88) 

9539-15,899 113 (21.98) 

>15,899 97 (18.87) 

Insurance   

Labor insurance  186 (36.19) 

Self-paying 305 (59.34) 

Unclear  23 (4.47) 

* Self-reported economic status was based on the local condition of patients’ domiciles. 297 
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3.2. Pre-diagnosis Direct Costs  298 

Among the 338 patients who incurred costs due to consulationconsultationexpenditures, 299 
the median outpatient medical cost incurred pre-diagnosis was 64USD (IQR 24-159) per 300 
patient. Twenty-two patients were admitted to the hospital before TB was diagnosed. Hospital 301 
patients incurred a substantial higher out-of-pocket expenditure. The median hospital 302 
expenditure was 477USD (IQR 318-823). The non-medical costs refer to transportation and 303 
accommodation fees. This study surveyed only the transportation fees for patients before 304 
diagnosis. The median transportation fee was 2USD (IQR 0-8). Costs due to the prescribing of 305 
non-TB drugs and diagnosis costs accounted for a high proportion of direct expenditures in 306 
the pre-diagnosis period (97.0%). 307 

3.3. Post-diagnosis Direct Costs 308 

A patient’s average number of health-care visits after TB was diagnosed was 9.7, with a 309 
maximum of 15 visits. The direct costs after TB was diagnosed were 748USD (IQR 567-987); 310 
the average cost for one visit was 77USD. Median medical cost was 542USD (IQR 465-618), 311 
then we further analyzed what constituted medical costs. Median costs for examinations and 312 
non-TB drugs were 307USD (IQR 273-341) and 211USD (IQR 166-265), respectively, which 313 
were clearly the most robust components, accounting for 55% and 40% of medical costs, 314 
respectively. Meanwhile, the auxiliary drugs, such as liver/kidney protection drugs and 315 
immunopotentiators, constituted the main part of non-TB drugs, with a median cost of 316 
174USD (IQR 135-219), accounting for 83% of the non-TB drug costs.  317 

The non-medical costs in the post-diagnosis period included transportation generated by 318 
patients and companions and supplementary food for patients. The median transportation 319 
cost was 19USD (IQR 10-31); the average cost for a single event was 3USD. Among the 320 
surveyed patients, 196 were escorted during treatment by their family or friends, and the 321 
median transportation cost was 5USD (IQR 2-13). About 340 patients improved nutrition with 322 
supplementary food, and the median cost was 302USD (IQR 127-489). The non- medical costs 323 
totaled 150USD (IQR 29-410). Clearly, the non-medical costs were relatively low (Table 2).The 324 
direct costs of intensive phase (the first two month ) and consolidation phase(the next 4 or 6 325 
month) was 1324.5(1037,1759) and 3248.5(2465,4424.1) 210.58(164.87,279.66) USD and 326 
516.48(391.91,703.39) USD respectively. The direct costs of consolidation phase accounted for 327 
70.7% of total pre-diganosisdiagnosis direct costs. 328 

3.4. Opportunity Costs 329 

Only 49 patients reported income lost while away from work due to seeking health care 330 
before diagnosis. Income lost by those patients, incurred during the pre-diagnosis period up to 331 
standard anti-TB treatment, was 32USD (IQR 16-83). Most of the opportunity costs were from 332 
lost income after TB was diagnosed (Table 2), because most patients were fired or could not 333 
physically continue working. For the pre-diagnosis period, the income loss was calculated 334 
based on each patient's daily income before illness (median, 32USD), multiplied by the total 335 
time the patient was out of work due to illness (median, 2 days, n = 49), mainly due to travel 336 
and consultation time at different health-care facilities. For the post-diagnosis period, the 337 
monthly income reduction for a complete treatment cycle was summed. The income lost at 338 
two stage of treatment was 31.80(0, 63.60) USD and 127.19(38.16, 683.66) USD200(0,400) and 339 
800(240,4300). Most income lost comed formcame from the consolation phase. The 340 
opportunity cost duiring consolidation period accounted for 79% of total post-diagnosis 341 
oportunityopportunity cost. The time lost due to daily drug intake was not calculated in the 342 
current study. 343 

3.5. Total Patient and Household Costs 344 
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The sum of median direct and opportunity patient and household costs was 1218USD 345 
(IQR 826-1963), which corresponds to 26% of annual individual incomes before TB illness 346 
(4770USD). The direct costs accounted for 61% of the total costs, and the ratio of direct to 347 
opportunity costs was 1.58. About 88.2% (1074/1218) of costs (Fig 1) were encountered after 348 

the patients were diagnosed and accepting free DOTS treatment. 349 

Figure 1. All patients’ average cost during different episodes of tuberculosis treatment. *The 350 
median of opportunity costs before diagnosis was zero. 351 

Figure 1 legends: direct cost  opportunity cost 352 

Table 2. Mean MeidanMedian direct and opportunity costs of TB patients during different 353 
episodes of ttreatment in the study of Bao'an district, Shenzhen City, China, 2013.  354 

Timing and Types of Costs 
Patient-reported costs during this Period All Patients***  

(n = 514) Number* % Median** (IQR range) 

Pre-diagnosis 

Direct costs 

Outpatient medical costs  338 66 64 (24-159) 19 (0-79) 

Hospital costs  22 4 477 (318-823) 0 (0-0) 

Transportation costs  338 66 2 (0-8) 0 (0-3) 

Pre-diagnosis direct costsdcosts^ 79 (24-191) 

Opportunity costs  

Foregone income before 

diagnosis 

49  10 32 (16-83) 0 (0-0) 

Median cost of pre-diagnosisd 79 (25-204) 

Post-diagnosis 

Direct costs 

Medical costs  514 100 542 (465-618) 542 (465-618) 

Examination 514 100 307 (273-341) 307 (273-341) 

Non-TB drugs 514 100 211 (166-265) 211 (166-265) 

 Auxiliary drugs 514 100 174 (135-219) 174 (135-219) 

Others 514 100 21 (20-24) 21 (20-24) 

Transportation 

For patients 514 100 19 (10-31) 19 (10-31) 

For companions 196  38 5 (2-13) 0 (0-3) 

Supplementary food 340  66 302 (127-489) 127 (0-376) 

Post-diagnosis direct costs 748 (567-987) 

Opportunity costs 

Foregone income of patients  402  78 241 (90-1,181) 114 (24-797) 

Foregone income of companions 196  38 39 (16-84) 0 (0-24) 

Median cost of post-diagnosis   1074 (745-1820) 

Total direct cost   833 (609-1132) 

Total opportunity cost   157 (57-855) 
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Median cost of all periods   1218 (826-1963) 

aTotal *Total number of patients, 514.  355 

bThe **The average cost among patients who generated this kind of expenditurecosts in 356 
row 2. 357 

cThe **The average cost for all patients (514). 358 

dPre^Pre-diagnosis direct cost = direct costs + transportation costs. Median cost of 359 
pre-diagnosis = direct costs + opportunity costs. 360 

3.6.  Factors Related to Economic BurdenThe differentialsassociation of pre-diagnosis costs 361 
among tuberculosis patients  362 

 363 

The socio-demographic and care-saeeking level characteristics of pre-diagnosis costs 364 
were summarized in table 23. We explored factors related toosts and income loss 365 
separately. In the single-factor analysis, as shown in Table 3, Those re-treated patients 366 
had more costs compared with newly patients (P=0.05) and patients who were in 367 
hospital due to tuberculosis generated more costs (P<0.0001). It seemed that the more 368 
number of times visiting to health-care facilities (P=0.05)， the longer of delay of 369 
diagnosis(P<0.0001) and delay of first visiting health-care facilities when symptom onset. 370 

The direction and significance of association between the pre-diagnosis costs and the 371 

number of times visiting to health-care facilities, whether in hospitals due to tuberculosis 372 

before diagnosis did not changed after a confounder adjusted analysis in linear regression 373 

analysis . However , the increase in delay of diagnosis was not found to be statistically 374 

significant in adjusting analysis (Table 54). But we found those who received higher 375 

education or occupied in national civil servant/services /retired staff might expense more 376 

before diagnosis in the linear regression analysis too. In the corresponding generalized linear 377 

regression, number of times visiting health-care facilities was found to be related 378 

pre-diagnosis costs statically significant (P<0.0001). (Table 65)    379 

3.7 The differentialsassociation of post-diagnosis costs among tuberculosis patients 380 

The socio-demographic characteristics of post-diagnosis costs had been depicted in Table 381 

6. Migrant population might have more costs during the tuberculosis treatment compared 382 

with native population (p=0.003 ). There were difference of costs after diagnosis as TB among 383 

different education level patients (P=0.039). Those who perceived that the TB imposed 384 

economic burden to household might have more expenses on the treatment (P=0.021).The 385 

status of sputum smear test at the time of diagnosis was positive generate more costs 386 

compared to the negative (P<0.0001).  387 

After a confounder adjusted analysis, the direction and significance of association of 388 

post-diagnosis costs and the household registration (migrant or native residents), reported 389 

economic burden of households, sputum smear status did not changed (Table 7). The 390 

divorced or widowed patients had more costs compared to the unmarried in the linear 391 

regression analysis (p=0.044). In the corresponding generalized linear regression, only 392 

sputum smear status adopted in the model.  (P<0.0001). (Table 68) 393 

  394 
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Table 3.  Association of pre-diagnosis costs by background characteristics and 395 
care-seeking behaviors among tuberculosis patients enrolled in the study of Bao'an district, 396 

Shenzhen City, China, 2013 397 

variables Number % 
median(IQR range)  of 

pre-diagnosis cost 
P 

Gender 

Female 116 34.32 68.37(18.28,166.14) 
0.121 

Male 222 65.68 81.48(31.8,240.39) 

age 338 100.00 79.5(25.2,204.43) 0.723 

Household registration 

Native patients 21 6.21 34.98(23.85,158.99) 
0.15 

Migrant patients 317 93.79 79.5(25.44,205.63) 

Marital status         

unmarried 105 31.07 79.5(23.85,238.49) 

0.158 
married 217 64.20 79.5(25.44,190.79) 

widowed/divorced 7 2.07 79.5(58.03,203.67) 

others  9 2.66 50.88(19.71,317.98) 

Education         

Primary/illiterate 48 14.20 72.5(17.01,168.53) 

0.171 
Junior high school  139 41.12 66.78(23.85,164.55) 

Senior high school  110 32.54 79.5(31.8,182.84) 

college or above 41 12.13 174.89(47.7,386.88) 

Occupation       

Workers 203 60.06 78.7(23.85,222.59) 

0.401 

Individual business 37 10.95 66.78(23.85,164.55) 

Others (national civil 

servant/services /retired staff etc.) 
64 18.93 123.22(57.63,328.31) 

Unemployed  34 10.06 174.89(47.7,386.88) 

Number of times visiting health-care facilities 

<=2 214 63.31 34.18(15.9,95.39) 

<0.0001 3~6 101 29.88 158.99(81.08,289.36) 

>=7 23 6.80 724.52(328.79,724.52) 

health-care facilities for the first time 

community healthcare center 71 21.01 100.69(37.36,283) 

0.05 

public facility 48 14.20 95.39(63.6,249.61) 

general hospital 136 40.24 48.02(15.9,174.89) 

private clinics 
38 11.24 57.55(23.85,127.19) 
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others 45 13.31 87.44(31.8,174.89) 

delay between symptom onset and first consulationconsultation 

<=7  152 44.97 80.29(28.14,271.48) 

0.375 
7~14 38 11.24 73.93(31.8,174.89) 

14~21 42 12.43 64.39(17.49,119.24) 

>=21 106 31.36 79.5(19.71,174.89) 

delay of diagnosis 

<=7  186 55.03 32.91(15.9,96.67) 

<0.0001 7~14 35 10.36 79.5(37.92,167.73) 

>14 117 34.62 166.94(81.08,479.83) 

Whether in the hospital due  to TB 

yes 22 6.51 1203.28(675.71,1564.46) 
<0.0001 

no  316 93.49 71.55(23.85,1669.55) 

The degree of symptoms at diagnosis 

None 50 14.79 76.63(17.49,280.88) 

0.412 
Mild 112 33.14 69.96(23.85,172.9) 

Moderate 88 26.04 80.61(31.8,173.94) 

Severe 88 26.04 82.2(31.8,302.08) 

History of  TB 

New patients 315 93.20 78.7(23.85,190.79) 
0.05 

Re-treated patients 23 6.80 100.69(48.49,297.98) 

 398 

Table 4  Confounder adjusted association between pre-dagnosisdiagnosis costs and various 399 

predicator variables using linear regression models in the study of Bao'an district, Shenzhen City, 400 
China, 2013 (n=338) 401 

 402 

Predictors in the model  Beta coefficient  (95% CI)  P value VIF 

Number of times visiting 

health-care facilities 

0.12  (0.11,0.14) 

< 0.001 1.05 

whether in hospital due to TB (ref: no) 

yes  -1.02 (-1.2,-0.84) < 0.001 1.03 

education（ref:Primary/illiterate)         

college or above 0.26  (0.12,0.39) < 0.001 1.03 

Occupation(ref:workers) 
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Others (national civil 

servant/services /retired staff etc.) 0.13 
(0.02,0.24) 

0.02 1.03 

History of TB  (ref: new patients) 

Re-treated patients  
0.22  (0.04,0.40) 

0.02 1.02 

 403 
 404 

Table 5  Confounder adjusted association between pre-diagnosis* costs and various predicator 405 

variables using logistic regression models in the study of Bao'an district, Shenzhen City, China, 406 
2013 (n=338) 407 

 408 

 409 

*Pre-diagnosis costs in generalised linear model (logistic regression) was categorized based on median value 410 
among all participants 411 

 412 

Table 6  Association of post-diagnosis costs by background characteristics and 413 
care-seeking behaviors among tuberculosis patients enrolled in the study of Bao'an district, 414 

Shenzhen City, China, 2013 415 

Variables Number % 
median(IQR range)  of 

pre-diagnosis cost 
p 

Gender 

Female 178 34.63% 1128.91(764.9,1717.51) 
0.309 

Male 336 65.37% 1128.91(764.9,1717.52) 

predictor in the model  B Exp(B) (95% CI)  P value 

Number of times visiting health-care facilities 0.818 2.267 （1.760,2.919） <0.001 

History of TB  (ref: new patients) 

Re-treated patients 1.001 2.721 （1.037,7.140） 0.042 

Education(ref:Primary/illiterate) 

Junior high school  
-1.760 0.172 （0.062,0.475） 0.001 

Senior high school  -1.168 0.311 （0.137,0.705） 0.005 

college or above -.901 0.406 （0.176,0.936） 0.034 

delay of diagnosis -.014 0.986 （0.971,1.001） 0.062 

constant -1.920 0.147  0.003 
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Age 514 100% 1074.38(745.35,1818.69) 0.177 

Household registration 

Native patients 26 5.06% 760.93(489.53,1277.49) 
0.003 

Migrant patients 488 94.94% 1096.24(757.65,1852.85) 

Marital status 

unmarried 180 35.02% 1103.47(743.68,1864.68) 

0.193 
married 308 59.92% 1018.08(746.43,1719.76) 

widowed/divorced 10 1.95% 2208.69(844.63,3183.62) 

others 16 3.11% 879.98(691.18,1803.74) 

Education 

Primary/illiterate 63 12.26% 859.61(662.77,1398.92) 

0.039 

Junior high school 220 42.80% 1150.77(827.62,1921.22) 

Senior high school 169 32.88% 1021.42(722.61,1632.99) 

college or above 62 12.06% 1064.25(682.54,1924.26) 

Occupation 

Workers 203 60.06% 78.7(23.85,222.59) 

0.772 

Individual business 37 10.95% 66.78(23.85,164.55) 

Others (national civil 

servant/services /retired 

staff etc.) 

64 18.93% 123.22(57.63,328.31) 

Unemployed 34 10.06% 174.89(47.7,386.88) 

Sputum smear status 

negative 287 55.84% 963.15(699.21,1601.36) 
<0.0001 

positive 227 44.16% 1222.47(803.39,1982.94) 

Interruption of treatment 

Yes 67 13.04% 1084.95(801.68,1412.53) 
0.572 

No 447 86.96% 1067.95(740,1864.68) 

Household economic burden 

Heavy 149 28.99% 1153.54(787.48,1976.25) 

0.021 Moderate 236 45.91% 1096.28(740.46,1888.75) 

No burden 129 25.10% 961.76(668.92,1344.58) 

Adverse drug reaction 

Yes 268 52.14% 1112.96(743.44,1852.95) 
0.447 

No 246 47.86% 1009.81(745.35,1792.01) 

The degree of symptoms at diagnosis 

None 131 25.49% 1009.75(733.98,1810.5) 0.737 
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Mild 181 35.21% 1014.74(719.11,1654.26) 

Moderate 103 20.04% 1143.66(770.15,1728.62) 

Severe 99 19.26% 1140.12(757.65,1971.92) 

History of TB 

New patients 484 94.16% 1043.25(733.95,1817) 
0.064 

Re-treated patients 30 5.84% 1293.75(956.37,1911.22) 

 416 

Table 7  Confounder adjusted association between post-diagnosis costs and various predicator 417 
variables using linear regression models in the study of Bao'an district, Shenzhen City, China, 418 

2013 (n=514) 419 

Predictors in the model  Beta coefficient  (95% CI)  P value VIF 

Sputum smear status（ref：negative）  

positive 0.08 (0.036,0.128) < 0.001 1.005 

household registration   (ref: Native patients) 

Heavy 0.15 (0.043-0.254) 0.006 1.032 

reported-household economic burden（ref:no burden)  

Heavy 
-0.06 (-0.109,-0.003 0.040 1.038 

martialsmarital status (ref:unmarried) 

widowed/divorced 0.17 (0.04,0.333) 0.044 1.03 

 420 

 421 

 422 

Table 8 Confounder adjusted association between post-diagnosis* costs and various predicator 423 

variables using logistic regression models in the study of Bao'an district, Shenzhen City, China, 424 
2013 (n=514) 425 

 426 

predictor in the model  B Exp(B) (95% CI)  P value 

Sputum smear status  (ref: negative ) 

positive 0.653 1.921 （1.350,2.735） <0.001 

constant -0.288 0.750  0.016 

 427 

 428 

4. Discussion 429 

This study evaluated the economic burden borne by TB patients in Shenzhen City during 430 
their illness. We included 533 eligible patients in the survey, 19 of which were lost to 431 
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follow-up. The average age of them was 29.6±10.2years. The male was 14 and female was 5. 432 
One patient was with a severe symptoms appeared hemoptysis. The others were with mild or 433 
moderate symptoms like cough, chest distress and fever etc. the lost to follow-up was about 4 434 
percent, and the general Socio-demographic and clinical characteristics of those 19 435 
participants lost to follow-up were identical with the 514 patients. So，we considered there no 436 
much influence on our conclusion. 437 

As one of the most population of Shenzhen district and owing numbers of factories , the 438 
migrant population in Baoan always exceeds the average level of Shenzhen city. The total 439 
number of registered active tuberculosis cases were 1317, included 76(5.8%) native case and 440 
1241(94.2%) migrant cases in 2013[15]. In our study, 95 percent were migrant cases, and about 441 
80% of patients were factory workers or service staffs who general were in a poor economic 442 
status and poor living environment.  As shown above, even in a high-income-level district 443 
where the proportion of people with health insurance is relatively higher than in other regions 444 
of China, tuberculosis patients do experience high out-of-pocket expenditures. 445 
Furthermore,Under the DOTS program, the CPC provide tuberculosis patients with a 446 
radiologic imaging studies (X-ray) , sputum smear tests and anti-TB drug during treatment for 447 
free amounting to 102.07USD. post-diagnosis costs accounted for 88.2% (1074/1218) of total 448 
costs. We found that the migrant patients faced much costs during TB treatment.thistreatment. 449 
This may be owing to the different mode of payment and free strategy  The current study 450 
confirmed that TB patients are from vulnerable groups, and that migrant groups working in 451 
factories face worse living conditions and lower average income than the general population.  452 

The median household expenditures costs found in this study (1218USD) were far higher 453 
than those in Africa, India, and rural China [16-18]. These differences could partly be 454 
explained by the differences in purchasing power among these countries/districts and/or due 455 
to the omission of some cost elements in these studies. The more important reason may be the 456 
prospective follow-up design of this study, which reduced recall bias. Further, the total costs 457 
presented here took into account the fact that patients incurred costs after the end of 458 
treatment, required by doctors to consolidate cure for two or three months, depending on the 459 
level of patient recovery. Anti-TB drugs and sputum smear tests at this stage were paid for by 460 
patients themselves. 461 

We found that, one year prior to the study, 78.5% percent of patients had annual 462 
household incomes between 795 and 15,899USD, while 13 patients made less than 795USD a 463 
year. The direct and opportunity costs corresponded to 26% (1218/4685) of annual personal 464 
income. These costs constituted a considerable part of their disposable income after payment 465 
of fixed costs such as rent, electricity, and water, along with insurance. Moreover, patients 466 
must face these costs for more than 6 months; over a quarter of patients reported that the 467 
economic burden of cure was heavy. Twenty-three patients reported incurring debts due to 468 
illness. Factory workers and the unemployed had to rely on help from their families. Some 469 
authors have concluded that all costs to TB patients account for a higher percentage of their 470 
annual income [16, 19-21]. For example, a survey in three countries showed that 471 
treatment-related costs were equivalent to approximately one year of individual income  [22]. 472 
The differences between these studies and ours may be explained by social background, 473 
insurance systems, and a higher income level in our study population. 474 

Direct costs are still substantial, with non-TB drugs and auxiliary examinations as the 475 
most significant cost items [23-25]. Additional drugs, such as those for protecting the 476 
liver/kidney or symptomatic treatment, and examinations must be paid for, and it appears 477 
that this led to the high out-of-pocket expenditurescosts  during the treatment period, 478 
indicating that there may be over-prescription and over-service, as reported in other studies 479 
[2326, 2427]. Although income loss and time loss have not affected every tuberculosis patient 480 
interviewed, a considerable number of patients reported being negatively influenced by the 481 
disease and concomitant income and time loss. About 37% (190/514) of the patients were 482 
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unemployed or suspended from work after contracting TB and had no income, while the 483 
others remained employed and experienced income loss due to monthly doctor visits. Only 484 
36% of patients had insurance through the workplace. Patients reported that only a small 485 
fraction of medical costs could be reimbursed, and if they became unemployed, their 486 
insurance could lapse. Fifty-nine percent of patients had no insurance. Thus, departure from 487 
daily money-earning activities had a negative economic impact on patients with TB, resulting 488 
in impoverishment and worsening their living situations [2023]. However, the opportunity 489 
costs in these cases may be underestimated, since the value of time loss due to daily drug 490 
intake was not calculated, and some patients reported that they had no clear concept of their 491 
reduced income due to absences from the workplace.  492 

Out-of-pocket costs and income loss pre-diagnosis were much lower compared with 493 
those post-diagnosis, accounting for less than 10% of total costs. This is consistent with reports 494 
from other studies [2528, 2629]. A review of the financial burden of tuberculosis indicated that 495 
half of total costs were incurred before treatment [2730]. The possible reason for this may be 496 
that individuals found it difficult to comprehend the concept of calculating the monetary 497 
value of unpaid work, and many of the patients in this study were found as a result of the 498 
health check-ups required by their work units. Those suspected patients were initially referred 499 
to the CSC for diagnosis, and the first X-ray and sputum smear test were free for them. The 500 
delay of diagnosis and number of times visiting health-care facilities were decreased and less 501 
costs incurred. We find that those who accepted higher education and occupied in national 502 
civil servant/services or retired staff may incur more costs before diagnosis. Those patients 503 
may have a good economic condition and care more about self-health conditionsconditions.  504 

 Less than one-fifth of patients initially visited a public health-care facility at the onset of 505 
TB symptoms. This led to long delays in the identification of a treatment-seeking pathway 506 
before a proper diagnosis was confirmed. The reasons for this may be gender, education, and 507 
economic conditions in terms of patients who missed the perfect treatment period, resulting in 508 
an advanced disease [2831]. Financial considerations are a major factor contributing to 509 
health-seeking behavior in the Chinese population [2932]. Inefficiencies in public health 510 
facilities and control services at private facilities are the two main constraints responsible for 511 
prolonged delay and increased costs of TB diagnosis [3033, 3134]. In our analysis, we found 512 
visiting times as one of the factors affecting related direct pre-dignosisdiagnosis costs, with a 513 
mean of 3 visits to different health-care facilities. Only 35.6% of patients reported that they 514 
were diagnosed with suspected tuberculosis at their first visit, and the rest were informed that 515 
they had pneumonia, pleurisy, a cold, and so on. Consistent with our study, other 516 
investigators pointed out that early diagnosis of tuberculosis reduced costs while achieving 517 
treatment success [3235, 3336]. Given that TB case detection under the current DOTS strategy 518 
in China is through passive case findings, it is imperative to increase patient and community 519 
health education and, further, to strengthen the consciousness and capacity of grass-roots 520 
public facilities to transfer suspected TB patients to better-equipped hospitals through 521 
improved work motivation. 522 

Treatment interruption is defined as any interruption of treatment for at least one day but 523 
for < 8 consecutive weeks [3437], which has been proven to be a risk factor in treatment failure, 524 
drug resistance, relapse, and death [3538, 3639]. Economic disadvantage is strongly associated 525 
with non-adherence to TB treatment [3740]. Meanwhile, the link between medical costs and 526 
adherence in China has been proven [3841]. In our this study, we didn’t  foundfind  that this 527 
was also a risk factor related to high treatment costs statistically.  But we find that above 528 
seventy percent of post-diagnosis costs occurred during consolidation period. This may be a 529 
economic factor influencing the adherence of treatment. Thirteen percent of patients reported 530 
that they had interrupted treatment for more than two months, mainly due to: first, 531 
side-effects from drugs, when patients experienced a heavy adverse reaction such as liver 532 
damage, especially at the intensive period, which always required doctors to stop treating to 533 
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protect the liver; second, when patients returned to their home towns, where current strategies 534 
prevented them from taking anti-TB drugs beyond one month, so many chose to stop 535 
treatment; and finally, more than 90% of the patients who discontinued treatment did so 536 
during the continuation phase of treatment, reportedly because, during this phase, most 537 
symptoms disappeared and patients erroneously believed that they were cured, making them 538 
reluctant to bear the extra burden of the medical costs and income loss. High treatment costs 539 
may deter patients who have the most income loss from continuing treatment [3942]. The 540 
patients who stopped treatment usually developed advanced disease difficult to cure, 541 
resulting in a longer period of cure and, in turn, higher costs. This seems to be a vicious cycle 542 
whereby expenditures increase while interruption leads to more expenditures. Other factors, 543 
such as inconvenient daily drug intake and work obligations, were also taken into 544 
consideration by the patients. 545 

Although gender was associated with higher costs in some studies [4043], we found no 546 
difference in costs between male and female patients, consistent with results from another 547 
study [4144]. Re-treated patients and  those with severe symptomssputum smear positive 548 
patients may have higher expenditures during different treatment episodes due to a longer 549 
treatment period and more complicated conditions.  550 

This study may seem to be only partly representative of Shenzhen City, since only one 551 
district was included. However, the study is representative of most tuberculosis patients in 552 
Shenzhen City, because about 50% of all cases under DOTS came from the study site. The 553 
re-treatment rate in our study was 5.84%, which is similar to that reported in other studies, 554 
with a re-treatment rate of 6.7% in Shenzhen [4245] and 6.4% in other provinces in China 555 
[4346]. This indicates that our study was acceptably representative of the treatment 556 
conditions for TB patients in Shenzhen specifically and China generally. As other studies 557 
related to the household costs of tuberculosis, this study also relied on self-reported costs of 558 
pre-diagnosis and household income. Thus, recall and reporting bias could not be avoided, . 559 
even in this longitudinal design. Hence, we conducted the first interviews of patients after one 560 
month of treatment within two months of their starting treatment, to reduce recall time. 561 
Interviewers were also trained to reduce the bias by logic-checking the information from the 562 
registration system and recognizing unusually high costs for specific items. In addition, asking 563 
patients to calculate the monetary value of unpaid work proved to be difficult, even though 564 
our interviewers explained as much as they could. 565 

Our study does have some limitations. First, our study only investigated the economic 566 
burden of patients brought by TB and those with severe co-morbidities such as AIDS, diabetes, 567 
and lung cancer and older than 59 were excluded. Therefore our study may reflect the 568 
economic burden faced by patients result from TB instead of all population and all kinds of 569 
diseases. Second, in our study, we did not survey the information regarding companion costs 570 
although it may not have much impact on the results since most TB patients in China did not 571 
need to be companion during the treatment. Third, we collected the range of the household's 572 
pre-TB annual income of every patient instead the exact number. As a result, we are not able 573 
to conduct the analysis regarding catastrophic cost. 574 

5. Conclusions 575 

In conclusion, patients and their households face heavy expenditures due to the costs of 576 
TB care, which accounted for 26% of patients’ annual income. Costs were not equally spread 577 
over time, but in the post-diagnosis period, the costs are highest, exacerbating the problem of 578 
affordability. Free TB drugs are not the same as free treatment, and non-TB drugs, 579 
examinations, and loss of income are important considerations for patients. The income loss 580 
among all patients averaged 157USD (IQR 57-855). More visits to health-care facilities 581 
generated more out-of-pocket costs. Patients who had severe symptoms and re-treated 582 
patients bore a heavier burden. For high costs to be avoided, more attention should be paid to 583 
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TB patients, even under the DOTS strategy. TB patients require testing methods with higher 584 
sensitivity, higher specificity, and lower costs to reduce their need for visits to health-care 585 
facilities, along with more instructions to improve their adherence to treatment, leading to 586 
lower re-treatment rates. 587 
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Dear Authors, 

In addition to the valuable points raised by the two reviewers, i have some comments from my 

end (some of these may be made by the reviewers as well) 

1. Abstract - most were from the migrant population - why use ' most' here while elsewhere the 

number % have been given? 

Thanks for the editor’s suggestion. We have replaced ‘most’ with the exact number ‘95%’ in 

the abstract, which was mentioned in the line 255. 

2. out of pockets expenditure? Please be careful with use of phrases (point made by the reviewer 

as well). Are you looking at total costs due to TB care or out of pocket expenditure. Overall in 

your paper, no reference was made to the WHO TB patient cost survey handbook 2016. I see that 

the study was among patients registered in 2013 and the WHO ptient cost survey booklet was 

not out then. Hence, it will be nice ot have a table in methods with clear operational definitions 

used. 

We are grateful for your suggestion. In our study, we did not include the cost covered by the 

medical insurance, hence it is inappropriate to use the term ‘out of pockets expenditure’. So 

we replaced it with ‘cost’ to make it more accurate. There are many kinds of medical 

insurance in China, and the patients may not be aware of whether they have certain kind of 

medical insurance or not, so they did not use the medical insurance to reduce their 

expenditure. However, in our study, the cost is measurable and comparable, so we revised it 

throughout this article accordingly. 

According to your advice, we have added the operational definitions in table 1. 

3. 2.2 Study design title should be renamed as 2.2 Study design and population 

Revised, thank you. 

4. Anonymized data HAS to be shared and this is ESSENTIAL 

Thanks for this suggestion. We have provided the anonymous data as attachment in an .xls 

document. 

5. In the ethics statement, please mention the ethics number and the date 

We are grateful for the Reviewer’s suggestion. The ethical approval number is 2012-SPH021, 

date 9/28/ 2012. 

6. Line 175-176 (regarding primary outcome) - this line is not clear 

Thanks for this suggestion. We revised the definition to make it clear in line 192-193 as 

follows: The primary outcome variables were the mean (median) expense incurred during 

illness. 

 

7. Line 191 - shouldn't it be the household's pre-TB annual income? 

We appreciate your suggestion. Our study does have the limitation that we collected the 

range of the household's pre-TB annual income of every patient instead the exact number. 

However, we collected the exact number of the total annual income of every patient and as a 

result, we used the indicator to measure the patients’ economic burden. 

 

8. Line 204-06. Similar issues were faced by us in another study. Another analysis may be to 

classify the costs as catastrophic or not and then do a log binomial regression. We can present 

Response to Editor and Reviewers



both the results. See the following paper for example, as to how the analysis was done: 

https://www.ncbi.nlm.nih.gov/pubmed/30865730 

We appreciate this suggestion. As mentioned above, we did not consider the catastrophic 

cost as an indicator in the design phase of our study, so we are not able to conduct the 

analysis regarding catastrophic cost. In our revision, based on the paper given above, we 

improved our method of statistics by adopting 2 methods in our revised manuscript. 

 

9. Line 206 - Bivariate means two outcomes. All the analyses presented in this paper are 

univariate which can be further classified into single variable (curde or unadjusted) and 

multivariable (adjsuted) analysis. 

Thanks for this suggestion. We have adopted a new method in the data analysis which is 

described carefully in line 221-244. 

 

10. What about catastrophic costs, what about inequity in distribution of catastrophic costs. See 

this paper for example. https://www.ncbi.nlm.nih.gov/pubmed/30173603 

We appreciate your suggestion. However, we did not adopt this professional term at the start 

of the study, and the annual patient income is expressed as a range instead of an exact 

number. As a result, it would be impossible to calculate the catastrophic costs to patients.  

 

11. All the table and figure title have to be standalone with details about time place and person. 

Check for footnotes for abbreviations. All tables should be formatted again to make them 

presentable. For ex n and % in separate columns. n column shuold be right indented, (%) column 

should be left indented and vertical line between n and % should then be removed. CHeck other 

tables as well. 

We appreciate your suggestion. We have reformatted the tables throughout the article 

according to your suggestions. 

12. Why don't the authors look separately at factors associated with pre-dx costs and 

post-diagnosis costs. 

Thank you for this suggestion. We have analyzed the factors associated with different period 

of the treatment according to your suggestion and revised the statement in the data analysis, 

results and discussion section on the basis of the new analysis results. 

13. If the authors have outcome data, why not compare unfav out and catastrophic costs, after 

adjusting for potential confounders. 

We appreciate your suggestion. However, we did not adopt this professional term at the start 

of the study, and the annual patient income is expressed as a range instead of an exact 

number. As a result, it would be impossible to calculate the catastrophic costs to patients.  

 

Reviewer #1: This work is on an important area namely the economic burden due to Tuberculosis 

related to the EndTB strategy goal of Zero Catastrophic cost for households due to Tuberculosis. 

The author have drafted the manuscript well and included several important points needed for a 

cost analysis study. 

 

The study utilised a follow-up methodology to capture costs during the treatment phase. The 

authors have also studied some factors related to costs. 

https://www.ncbi.nlm.nih.gov/pubmed/30865730
https://www.ncbi.nlm.nih.gov/pubmed/30173603


 

While the study justification rightly draws support from the EndTB Goal of Zero Catastrophic Cost, 

the authors have not included Catastrophic Cost estimation in the paper, despite having all the 

necessary data for the calculation of the same. It is highly recommended that the authors may 

include catastrophic cost and accordingly the manuscript may be redrafted. If there are data 

available on the coping costs or mechanism, they may also be included to understand the 

complete picture of the economic burden faced by the patients with Tuberculosis. 

We appreciate your suggestion. However, we did not adopt this professional term at the start 

of the study, and the annual patient income is expressed as a range instead of an exact 

number. As a result, it would be impossible to calculate the catastrophic costs to patients.  

In our study, most of the study population were factory workers. Only 186 workers knew that 

they had medical insurance and 305 workers knew that they did not have any medical 

insurance. Other 23 workers were unaware of whether they had medical insurance or not, 

and at the end of the study, they did not bring about any medical care reimbursement cost. 

Only 34 patients provided information about medical care reimbursement cost. As a result, 

the proportion of cost paid by medical insurance was not included in the analysis. 

 

Abstract 

Though the study includes both direct and indirect costs, the abstract starts with the terminology 

‘expenditures’ which may apparently mislead a casual reader 

Follow-up method utilised may be included in the methods under the abstract 

Thank you for this suggestion. We have replaced the word ‘expenditures’ with ‘costs’ to avoid 

misunderstanding and added the follow-up method in the abstract. 

 

Methodology  

In the study settings, 

the following may be included, which have implications while interpreting of the results:  

1.Proportion of Treatment and Retreatment Cases in the District;  

Thanks for this suggestion. In the discussion section, we mentioned the proportion of 

treatment and retreatment cases in line 508-509 as follows: The re-treatment rate in our 

study was 5.84%, which is similar to that reported in other studies, with a re-treatment rate 

of 6.7% in Shenzhen and 6.4% in other provinces in China. 

2.Actual figures of Incidence and Prevalence of Tuberculosis in Shenzhen Region/Bao’an District 

(lines 119-120), which needs to be specified seperately further between natives and migrants;  

We appreciate your suggestion. We have added the data in line 139-141 as follows: In 2010, 

the prevalence rate of smear positive of native population was 19.44 per 100 000 population, 

and that of the migrant population was 59.96 per 100 000 population. 

3. No, of TB Cases in the District during the study year among natives and migrants;  

Thanks for this suggestion. We have listed the number in line 400-402 as follows: The total 

number of registered active tuberculosis cases were 1317, included 76(5.8) native case and 

1241(94.2%) migrant cases in 2013. 

4. No. of (mandatory)visits as per the existing TB program during treatment;  

Thank you for this suggestion. We have added the data in line 157. 

5.Proportion of patients with TB having co-morbidities namely diabetes, HIV, lung cancer etc 



We appreciate your suggestion. Because in our study, the patients with co-morbidities were 

excluded from the study, it is impossible to calculate the proportion of patients with TB having 

co-morbidities. 

6.Whether Active Case finding strategy is implemented or not;  

We appreciate your suggestion. In the study setting section, we have added the statements 

in line 132-139 to clarify the way of TB patients being found in China as follows: The hospitals 

were the main place finding tuberculosis case and the Center for Prevention and Cure of 

chronic diseases (CPC) were the local designated TB facilities in the national TB programme 

networks, providing treatment and managing the tuberculosis cases. The healthcare 

providers in general hospitals were obligate to refer the suspected cases to CPC and the basic 

information of suspected cases were sent to CPC. If the cases did not consulted to CPC in time, 

the workers of CPC would contact the suspected case. Actively cooperating with medical 

institutions and TB prevention and control institutions, the discovery rate and report quality 

was increasing by years. 

7.Mean/Median household (and/or Individual) income in the region/district;  

Thank you for this suggestion. We have added the median household income in Bao’an 

district in line 155-157 as follows: The mean household income in the region was 6,656.79 

USD of 2012 according to the Statistical yearbook 2013.  

8. Proportion of people in different economic categories; 

We appreciate your suggestion. However, we did not have access to the detailed information 

about the income of different population. 

9. a brief description of occupational health care provisions/model in the district relevant to TB 

care;  

Thanks for this suggestion. In China, there is no occupational health care provisions/model 

focus on TB prevention only, the workers in our study were provided with the general 

occupational health service. For example, the workers may participant in the regular medical 

examination paid by the factory owner. 

10. brief description of the existing intervention in the district to address economic burden faced 

by patients/households due to TB 

We appreciate your suggestion. In line 148-151, we described the existing free policies to 

relief the economic burden on TB patients:  The Center for Prevention and Cure of chronic 

diseases (CPC) is the institution authorized to provide TB diagnosis, treatment, and 

monitoring. The CPC provides patients with a radiologic imaging studies (X-ray) while 

diagnosed, and sputum smear tests during treatment, and anti-TB drugs for 6-8 months for 

free. 

11. whether hospitalisation costs due to TB for persons with TB are covered under the existing 

program? 

Thank you for this suggestion. The hospitalization costs due to TB was not covered under the 

existing program and born by the patients themselves. We have added the statements in line 

148-151 to state the range of free TB policy. Since the cost regarding hospitalization is not 

included in the policy, it have to be borne by patients themselves. 

 

Study Design: 

Why were those aged above 59 years not included for the study? Reasons may be stated and also 



included/addressed in the discussion. 

We appreciate your suggestion. People ages above 59 are more likely to have comorbidities 

which may influence the analysis of economic burden, so we excluded them. We have added 

the reason in line 166-167 as follows: The patients aged above 59 were excluded considering 

the elderly may have more commodities and those with MDR-TB were excluded too. 

In the discussion, need to consider, how non-inclusion of those with morbidity namely Diabetes, 

HIV affected the representativeness of the study. HIV and Diabetes have programmatic 

implications for Tuberculosis control as well as have been shown by studies in the literature to 

drive the costs due to tuberculosis higher. 

Thanks for this suggestion. We have discussed the influence of non-inclusion on the 

representativeness of our study in the limitation section in line 392-398 as follows: We 

included 533 eligible patients in the survey, 19 of which were lost to follow-up. The average 

age of them was 29.6±10.2years. The male was 14 and female was 5. One patient was with 

a severe symptoms appeared hemoptysis. The others were with mild or moderate symptoms 

like cough, chest distress and fever etc. the lost to follow-up was about 4 percent, and the 

general Socio-demographic and clinical characteristics of those 19 participants lost to 

follow-up were identical with the 514 patients. So，we considered there no much influence on 

our conclusion. 

However, the exclusion can inevitably injure the representativeness, so we added this point 

as a limitation of our study in line 519-523 as follows: Our study only investigated the 

economic burden of patients brought by TB and those with severe co-morbidities such as 

AIDS, diabetes, and lung cancer were excluded. Therefore our study may reflect the 

economic burden faced by TB patients instead of all population. 

Where those with MDR-TB excluded? Or is it that there were no drug resistant cases during the 

study period, which is quite unlikely. The authors have not stated whether the study is about 

costs due to drug sensitive tuberculosis. These needs to be clarified in title, abstract, justification 

(objectives), methods, and discussion. 

Thank you for this suggestion. We have added the statement in the Study Design and 

population part in line165-167. To illustrate the study population of our survey more accurate, 

we have added the particular explanation in every section accordingly. 

In our study, there were only 4 patients with MDR-TB among total 514 patients. One patient 

failed to achieve TB suppression in the third month of treatment, and the other three patients 

developed drug resistance during the treatment. Doctors adjusted the medicine according to 

their condition and part of second-line medicine is not free. Because there were few patients 

with MDR-TB, we did not eliminated them from the analysis. However, they may not have 

much impact on the stability of the analysis. 

Sample Size has not been estimated by the authors. Studies in the literature on Cost of illness 

have adopted different methods to calculate sample size. They may be referred to. 

We appreciate your suggestion. Ahead of our study, we did not calculate the sample size we 

needed. We included every patient who met the inclusion criteria and agreed to take part in 

our survey during the study period. Analysis results showed that the sample size of our study 

is enough to achieve the power required. 

The cost data was based on self-reporting. The authors have mentioned both in the methodology 

and strengths in discussion, that that a logic-check was done. Brief description of this may be 



provided to help readers understand how this enabled better data quality. 

We appreciate your suggestion. In the Data collection section, we have explained the process 

of a logic-check in line 187-189 as follows: Those contradictions or missing information would 

be asked of patients again in a subsequent interview. We also evaluated the quality of 

collected data by verifying the routine health information system. 

Timing of the first interview in the intensive phase could have affected the recall leading to 

differential recall among different participants. The data on delay between start of treatment and 

interview may be provided as mean and range. Similarly, it would be important to state whether 

the timing of multiple interviews were standardised for all patients. 

Thank you for this suggestion. First interview is in the first month of intensive phase 

treatment. We have added the median delay time of diagnosis in line 270-271. In the 

limitation section, we have mentioned that recall bias could not be avoided in our study as it 

relied on the information self-reported by patients. Patients went to see the doctor in chronic 

disease station nearby on time and were followed-up during their visit. 

Methodology can include explicitly the perspective from which cost was calculated, though it is 

understandable from the objective. 

Thanks for this suggestion. We have added the illustration in the line 192 as follows: We 

analysis the economic burden from tuberculosis patients’ perspective. 

The reason for non-inclusion of guardian (companion) cost is not acceptable as the need for 

guardian are often higher during pre-diagnosis phase as the patients have more illness and may 

often make multiple visits to one or more provider before the diagnosis and start of treatment. 

Authors have also reported hospitalisations during pre-diagnosis period. Guardian (companion) 

costs needs to be included in the analysis. 

We appreciate your suggestion. We regret mentioning that the companion costs was not 

surveyed in the study. In China, TB is a common disease and most patients do not need 

companions during the treatment. Another reason is that patients in our study were surveyed 

in the community or chronic disease station near their home within 15 minutes’ walk. So the 

companion costs during pre-diagnosis period may not have much impact on the outcome. We 

admit that it is a limitation of our study and have added the explanation in line 523-525 as 

follows: Second, in our study, we did not survey the information regarding companion costs 

although it may not have much impact on the results since most TB patients in China did not 

need to be companion during the treatment. 

The source of questionnaire may be stated and provided. 

Thanks for your suggestion. In this survey, we combined the aim of our study with 

standardized questionnaire used to investigate the demographic characteristic and designed 

the questionnaire. We have provided the questionnaire we used as attachment. 

Though the study reported insurance coverage for participants, authors have not stated how 

reimbursements were adjusted against the costs in the analysis. 

Thanks for your suggestion. In our study, most of the study population were factory workers. 

Only 186 workers knew that they had medical insurance and 305 workers knew that they did 

not have any medical insurance. Other 23 workers were unaware of whether they had 

medical insurance or not, and at the end of the study, they did not bring about any medical 

care reimbursement cost. Only 34 patients provided information about medical care 

reimbursement cost. As a result, the proportion of cost paid by medical insurance was not 



included in the analysis. 

Results 

 

Clinical characteristics including co-morbidities, pulmonary/extrapulmonary, etc to be included. 

 

Care-seeking characteristics should include number of consultations/visits prior to diagnosis, 

number of providers visited and type of providers / facility visited (especially private providers 

/facility as it can vary from single doctor provider facility to corporate hospital) 

We appreciate your suggestion. In the Socio-demographic Characteristics and Care-seeking 

Behaviors section, we have added the number of consultations prior diagnosis and type of 

facility visited in line 267-270. However, we did not collect information about the number of 

providers visited. 

Data on whether the participant was a beneficiary of any of the existing interventions in the 

district to reduce the economic burden to patients due to TB, needs to be reported, including the 

quantum of benefit 

Thanks for your suggestion. We have mentioned the coverage of the existing free TB policy in 

the Study setting section in line 149-151. In the second paragraph, we have also added the 

description of the extent of free treatment and the cost covered by the policy in line 404-406 

as follows: Under the DOTS program, the CPC provide tuberculosis patients with a radiologic 

imaging studies (X-ray) , sputum smear tests and anti-TB drug during treatment for free 

amounting to 102.07 USD. 

The cost during different phases of treatment could also be made available especially since 

authors have conducted multiple interviews through follow-up to obtain costs through the 

treatment period. They are important while planning interventions 

 

Where there no hospitalisation episodes among participants during the treatment phase? 

We appreciate your suggestion. Our study only investigated the cost reported by the patients 

occurred in the chronic disease station. There was no inpatient ward in the chronic disease 

station, so we did not surveyed the information about hospitalization. 

In Table 2, what are these Non-Tb drugs? 

Thank you for this suggestion. We have added the subsidiary drugs in line 152-153. 

In table 3, what timeline does sputum smear test pertain to? What is the definition of household 

economic burden? What is the definition for degree of symptoms at diagnosis? Is it self-reported 

or based on clinical assessment? The Operational definition of these variables need to be 

included in the methodology. 

Thanks for this suggestion. We have illustrated these definitions clearly in table 1. 

Why insurance coverage was not included as a factor for economic burden? 

Thanks for your suggestion. In our study, most of the study population were factory workers. 

Only 186 workers knew that they had medical insurance and 305 workers knew that they did 

not have any medical insurance. Other 23 workers were unaware of whether they had 

medical insurance or not, and at the end of the study, they did not bring about any medical 

care reimbursement cost. Only 34 patients provided information about medical care 

reimbursement cost. As a result, the proportion of cost paid by medical insurance was not 

included in the analysis. 



Among the factors considered for economic burden, some of them pertain to pre-diagnosis costs 

and other may pertain to treatment phase costs and few many be for total costs. It is 

recommended that these be split accordingly instead of considering everything together, as there 

are implications for suggesting possible interventions to reduce cost. 

We appreciate this suggestion. Considering everything together is truly not legible and easy 

to guide practice. So we decided to analyze the factors associated with pre-diagnosis and 

post-diagnosis separately according to your suggestion. 

Discussion 

 

While the population of the district has 65% migrants, in the study, 95% of the study participants 

are migrants. This can have implications for representativeness of the study. This needs to be 

discussed in detail; this again importance further since it is one of the factors found to be 

significantly associated with economic burden as in table 3. 

Thanks for this suggestion. We have discussed it carefully in line 402-405 as follows: As one 

of the most population of Shenzhen City and owing numbers of factories , the migrant 

population in Bao’an district always exceeds the average level of Shenzhen City. The total 

number of registered active tuberculosis cases were 1317, included 76(5.8%) native case 

and 1241(94.2%) migrant cases in 2013. In our study, 95 percent were migrant cases, so our 

study can reflect the TB condition of Bao’an district truly. 

Socio-demographic and clinical characteristics of those 19 participants lost to follow-up need to 

be reported and the implications of the study results need to be discussed 

We appreciate this suggestion. In line 395-401, we have added the statement of the influence 

of lost follow-ups on our outcome.  

Of the 533 participants, 176 patients were reported to have been shifted to CPC with no costs for 

patients during pre-diagnosis period. Can description of these transfers provided and included in 

study setting. How this lead to no delays and no costs are important for understanding the drivers 

of costs/economic burden. 

Thank you for this suggestion. We have added the detailed illustration in the study setting 

section in line 132-139. 

Line 413, what are the author establishing by stating ‘recall and reporting bias could not be 

avoided, even in this longitudinal design’ The statement is self-contradictory. May need to be 

revised 

Revised, thank you. 

Figure may not be needed as this information is represented in the table 2 and is clearly evident 

too. 

We appreciate this suggestion. We deleted figure 1 in the article. 

Some Typographical Errors 

Alignment of 70% in Age category 40-50 in Table 1 

Subtitle Insurance to be made bold in Table 1 

Weblink in line 112 may be shifted to reference and reference number provided 

Title of Table 3, CNY needs to be removed 

Revised, thank you. 

Reviewer #2: 1. The author needs to add some more details on opportunity cost i.e, income loss 

by patients due to illness. Some patients were hospitalized but they have earnings from job 



without wage loss then how to quantify the opportunity cost? Also, variation in salary is very 

heterogenetic. The author needs to describe about opportunity cost. 

We appreciate this suggestion. We have describe the opportunity cost in table 1 carefully. If 

TB patients still worked during the hospitalization, then there was no wage loss and the wage 

loss was 0.  

2. Under background characteristics, author mentioned about insurance company, but for Out of 

Pocket Expenditure (OOPE), we should not mention reimbursements given by insurance company. 

If the patients are getting reimbursements from any type of insurance, it should be deducted 

from the total out of pocket expenditure. 

Net out of pocket expenditure = Total expenditure - Reimbursement. 

Reimbursement amount should be highlighted if possible. 

Thank you for this suggestion. We realized that it was inappropriate to use the term ’out of 

pocket expenditure’ to describe the economic burden for in our study, the cost covered by 

medical insurance is not included in the analysis. In our study, most of the study population 

were factory workers. Only 186 workers knew that they had medical insurance and 305 

workers knew that they did not have any medical insurance. Other 23 workers were unaware 

of whether they had medical insurance or not, and at the end of the study, they did not bring 

about any medical care reimbursement cost. Only 34 patients provided information about 

medical care reimbursement cost. As a result, the proportion of cost paid by medical 

insurance was not included in the analysis. 

3. In methodology section, the author has mentioned the Chi-square test and Mann-Whitney 

analysis to examine the effect of each predictor variable on economic burden. But Chi-square test 

is used to know the association between predictor variables and regression analysis is used to 

understand the effects of predictor variables. 

We appreciate your suggestion. We have revised the analysis method and Chi-square test is 

not used this time. So we deleted it. 

4. Table 3 analysis indicated that factors related to direct and opportunity costs (CNY) and in 

relation with the background variables. The heading should be association or differentials by 

background characteristics of patients and table 4 is showing the factor with regression analysis. 

We have revised the table titles according to your advice and thanks for your advice. 

5. In table 4 multivariate analysis, only few predictor variables have been added. However, the 

author described in methodology section A forward stepwise approach was used to find the 

appropriate model. If P-value less than 0.05 is significant. It is good and recognised methods for 

adding the variables in regression analysis. Try also Variance inflation factor (VIF) to know the 

multicollinearity in predictor variables. If VIF less than 10, than the author can add the predictor 

variables and explore more variable as predictor variables. 

Thank you for this suggestion. We have adjusted the data analysis method according to your 

suggestion.  

Based on the above observations and looking into overall merit of the paper, few modifications in 

line of above points may be considered before sending it for publication. 




