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Purpose: Despite increasing literature on the association between treatment delay and
outcomes, cut-off point (1 month or median) selection in almost all studies for treatment
delay is too subjective. This study explored more scientific cut-off points of treatment delay
for poor treatment outcomes and death at the clinical level.

Patients and Methods: A total of 18,100 newly confirmed pulmonary tuberculosis (TB)
cases in Dalian, China were used in the final analysis. A 3-knotted restricted cubic spline
(RCS) fitted for Cox proportional hazard regression models is used to analyse the effects of
cut-off points of treatment delay on incident poor treatment outcomes. To explore the
moderating effects of age, gender and diabetes, we added the interaction terms of these
moderating variables and treatment delay to Cox proportional hazard regression models.
Results: The median time of treatment initiation was 30 days (IQR: 14-59 days). The risk of
incident poor treatment outcomes increased when the time was greater than cut-off point 1
(53 days; adjusted HR: 1.26; 95% CI: 1.00-1.60) of treatment delay, and the risk of incident
death events increased when the time was greater than cut-off point 2 (103 days; adjusted
HR: 1.56; 95% CI: 1.00-2.44) of delay. In addition, treatment delay was associated with an
increased risk of incident poor treatment outcomes and death, and older age, male sex, and
diabetes may increase the risk of treatment delay for poor outcomes.

Conclusion: This study is the first to identify scientific cut-off points of treatment delay for
poor treatment outcomes and death, and this method of exploration should be popularized. In
addition, the knowledge of tuberculosis must be spread to every adult. Moreover, the
tuberculosis diagnosis level of community level health workers should be enhanced.
Keywords: new pulmonary tuberculosis patients, poor treatment outcomes, treatment delay,

cut-off points, restricted cubic spline

Introduction

Tuberculosis (TB) is, caused by Mycobacterium tuberculosis. TB is, a communicable
disease that is a major cause of ill health, one of the top 10 causes of death worldwide
and the leading cause of death from a single infectious agent (ranking above HIV/
AIDS)."? According to the World Health Organization (WHO) Global Tuberculosis
Report 2021, an estimated 9.9 million (incidence rate: 127 per 100,000) individuals
were diagnosed with TB with 1.5 million deaths in 2020.> Although these indicators are
declining slowly each year, the pace of the decline in many countries was too slow to
reach the 2020 milestones of the End TB Strategy.* China is also one of those
countries, and the second-highest TB burden country (accounting for approximately
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9% of cases following India) worldwide even though the
country provides some free anti-TB medicines and subsidies
to patients.” In China, approximately 833,000 (range:
717,000-957,000) new TB cases were estimated in 2019,
accounting for approximately 8.4% of total newly confirmed
TB cases worldwide,” ranking third in the world cases. In
addition, 7.1% of new cases in China were MDR/RR-TB,
and DR-TB accounted for 14% of the world cases,
ranking second.” Therefore, many new patients and existing
cases will add a heavy burden to Chinese TB prevention and
control efforts.

Antibiotic treatment is the most important component of
the End TB Strategy, and early diagnosis and treatment are
effective in the TB control program.® However, many newly
diagnosed TB cases face not only financial difficulties but
also a lack of poor awareness about TB prevention and
treatment.”® For example, two surveys showed that only
16% and 26.9% of adults had accurate knowledge of TB
symptoms in two Chinese provinces,”'* and another survey
showed that the total mean percentage of correct answers for
TB diagnosis knowledge was 35.7% (SD: 16.1%) among
medical students in Hunan, China.'' Many people do not
have sufficient knowledge to recognize TB and treat TB as
a cold or pneumonia and initially go to drugstores or village
clinics to buy cold medicines or antibiotics to relieve the
disease when they develop TB symptoms.”'* In addition,
there is also a lack of TB knowledge in the health system."?
The clinical features of TB cases are similar to those of other
chest diseases, and health care workers at the community
level may not be able to diagnose TB in a timely manner.'*'>
One survey showed that 84.7% of new TB cases were diag-
nosed after an average of 3.6 misdiagnoses (SD: 2.4) in
Ethiopia.'? This problem seems to exist in all countries
with a systematic review of studies in 78 countries showing
that the median time of treatment initiation for total TB cases
was 88 days (range: 21-136 days).'® During the COVID-19
pandemic, newly treated TB patients face additional barriers
to seeking health care, so many patients go undiagnosed, and
a long time has passed before starting treatment.'” If these
patients are unfortunate enough to contract COVID-19 while
seeking care, this will undoubtedly worsen their illness.'®
Blindly seeking and delaying treatment not only lead to
antibiotic overuse but also may delay the start of effective
treatment and cause TB transmission in the community.'**°
When patients miss the optimal time for treatment, this will

2! guch as disease

lead to a series of serious consequences,
progression,”> drug resistance and poor outcomes.*

Although many worldwide studies on the correlation

between treatment delay and outcomes have increased gra-
dually, no study has identified a standard cut-off point of
treatment delay or the best time of treatment initiation to
yield good outcomes.'?

To our knowledge, almost all these studies used 1 month
or the median time of treatment initiation as cut-off
points.”*** These points were highly subjective, and some
important information will be lost when the data are con-
verted into categorical variables. More importantly, without
an accurate cut-off point, patients may ignore symptoms or
blindly seek treatment.”® Many Chinese people have the bad
habit of procrastinating when they get sick, because they
think they are healthy enough to fight it off or completing
what they were initially doing first. Therefore, it is signifi-
cant to explore an accurate cut-off point for clinical treat-
ment and academic research. Under these circumstances, we
used a 3-knotted restricted cubic spline fitted for Cox pro-
portional hazard regression models to explore the cut-off
point for poor treatment outcomes and the relationship
between the time of treatment initiation and the risk of

incident poor outcomes in Dalian, China.

Materials and Methods
Study Population

Dalian, which is located in northeast China, has a residential
population of 6.95 million, and suffers from a high TB
burden.?” The incidence of TB was 52.8 per 100,000, and
new MDR/RR-TB cases accounted for 4.8% in the region,
higher than the global level.?” In Dalian, information from
all TB patients is collected regularly with TB surveillance
and management through the China Information System for
TB Prevention and Control. TB cases in the study were
diagnosed by sputum smear examination, sputum culture
or the WHO clinical criteria from Jan 1, 2014, to Dec 31,
2019. A total of 21,810 TB patients were treated and regis-
tered in Dalian, China. Considering that minors (less than 18
years old) and persons with mental illness lack the thinking
and behaviour of normal adults, and have unique legal status
in China, they cannot correctly identify their own behaviour
during diagnosis and treatment, affecting the scientific
results. Therefore, minors and mental patients were excluded
from this study. In addition, we excluded patients with
extrapulmonary TB and relapse cases according to the cri-
teria of the TB cohort study” and eventually included
18,100 newly diagnosed pulmonary TB cases. Figure 1

shows the details of case inclusion and exclusion.
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Total patients ( N=21810 )

The cases less 18 years old
were excluded (637).

The cases of retreatment were
excluded (1963).

The extrapulmonary tuberculosis
cases were excluded (61).

The cases of mental illness
were excluded (61).

There are 9 cases who lacked information on
treatment regimen (1 case)and lung cavitation
(8 cases) were excluded.

New TB cases in the final analysis
( N=18100 )

The cases with adverse reactions and other
outcomes were excluded (87).

Favoured outcomes ( N=17393 )

. L

Treatment completion Cure
(N=12469) (N=4924)

Figure | The flow chart of the inclusion of new pulmonary TB cases.

Treatment Outcomes

All newly confirmed TB patients typically require at least
6 months of standard therapy (WHO protocol for drug
use).”® In addition, patients cannot continue to use stan-
dard therapy due to drug resistance, adverse reactions, etc.,
whereas new treatment regimens developed after expert
discussion are defined as experiential therapy. At the end
of the treatment, doctors registered each patient’s treat-
ment outcomes. The primary treatment outcomes in this
study were WHO-defined TB treatment outcomes:*® cure,
treatment completion, failure, default and death. Cure or
treatment completion was defined as favoured outcomes.
Failure, default and death were defined as poor outcomes.

l

Poor outcomes (N=707)

Death
(N=263)

Failure
(N=440)

Default
(N=4)

Time of Treatment Initiation

The time of treatment initiation was assessed by asking
patients to recall the date or number of days that
elapsed between anti-TB treatment initiation and the
onset of TB symptoms, such as cough, fever, night
sweats, chest pain, and weight loss. In addition, due
to lack of a standard cut-off point and to first explore
the association between outcomes and the change in
time, we divided the time into four groups (quartile
1-quartile 4; Q1: 0—14 days; Q2: 15-30 days; Q3: 31—
59 days; Q4: 60 days and above) at the quartile cut-off
point to represent an ordered change in initiation treat-

ment time.
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Covariates

We adjusted for 3 types of potential covariates, including
demographic characteristics, health status and treatment
regimens, in multivariate analysis. The demographic char-
acteristics included gender (male/female), age (young:18—
44 years/middle:45—64 years/elderly: 65 years and above),
resident area (urban/rural area), and occupation
(employed/unemployed). Health status included diabetes
mellitus (Yes/ No), drug resistance (judging by drug sus-
ceptibility testing; Yes/No), severe case (Yes/No), lung
cavitation (Yes/No), and treatment options (standard ther-

apy/experiential therapy).

Statistical Analysis

Data were filtered and analysed using Stata 14.0. The
characteristics of new TB cases were described as percen-
tages (%) for categorical variables or medians and inter-
quartile ranges (IQRs) for continuous variables. Wilcoxon
rank-sum tests or Kruskal-Wallis tests were used to com-
pare group differences in the time of treatment initiation.
Second, to explore the association between treatment out-
comes and the time change of treatment initiation, we first
added categorical variables (divided by quartile cut-off
points) of initiation time to Cox proportional hazard
regression models adjusted for all covariates (age, gender,
resident area, occupation, drug resistance, severe case,
Third, as
a method to analyse the dose response relationship, the

treatment options and lung cavitation).
RCS model can describe the curve relationship between
continuous independent variables and outcome in more
detail, instead of grouping the independent variables,
which can reduce the loss of independent variable infor-
mation. After adjusting for all covariates, we used
3-knotted RCS fitted for Cox proportional hazard regres-
sion models to explore the cut-off point of treatment delay
and the associations between changes in delay time and
poor outcomes. Fourth, to explore the moderating effects
of age, gender and diabetes, we added interactions of
moderating variables and treatment delay to the Cox pro-
portional hazard models, and used the adjusted hazard
ratio (AHR) with 95% confidence intervals (CIs) to show
these regression results. Two-sided P<0.05 was defined as
statistically significant. All analyses were performed using
Stata version 14.0 (StataCorp) and R version 4.1.0 (R

Foundation).

Ethical Considerations

The study was approved by the Ethics Committee of Dalian
Medical University and Dalian Tuberculosis Hospital,
Dalian, China. We obtained permission from the hospital
administrators to use the data. Information on this study was
anonymized and personal identifiers were not included. The
design and protocol of this study completely considered the
principles of safety and security, and was conducted in
accordance with the Declaration of Helsinki.

Results

Characteristics

A total of 18,100 new TB cases were included in the final
analyses, and the median time of treatment initiation was 30
days (IQR: 14-59 days). The median time between symptom
onset and the first medical visit was 21 days (IQR: 7-46), and
96.1% of patients started treatment on the day of diagnosis.
Moreover, the following factors were associated with a longer
median time of treatment initiation: older age, female, rural,
employed, drug resistant, diabetes, lung cavitation and under-

going experiential therapy (P<0.05 for all) (Table 1).

Risk Factors for Poor Treatment
Outcomes

In multivariate Cox regression models, compared with
references (Q1), Q4 (60 days and above) was a risk factor
for poor treatment outcomes (AHR: 1.43; 95% CI: 1.15-
1.78). In addition, when death was defined as an outcome
event, Q4 (60 days and above) (AHR: 1.49, 95% CI: 1.05—
2.13) was associated with death. Table 2 shows details of
the risk factors for incident poor outcomes.

The Cut-off Points of Treatment Delay

for Poor Outcomes

In 3-knotted restricted cubic spline fitted for Cox regres-
sion models, when treatment was delayed for more than
53 days (AHR: 1.26; 95% CI: 1.00-1.60), the risk of
incident poor treatment outcomes increased gradually
and statistically significant. When death was considered
an outcome event and the time was more than 103 days
(AHR: 1.56; 95% CI: 1.00-2.44), the risk of incident
death events increased gradually. Figure 2 shows the
trend of the risk of incident outcome events with time
of delay treatment.
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Table | Characteristics of New Pulmonary TB Cases Base on the Time of Treatment Initiation

Characteristics N (%) Time of Treatment Initiation, M (IQR) z P value

Total 18,100(100) 30(14-59)

Age 529.779 <0.001
Young 9063(50.1) 25(1244)
Middle 6170(34.1) 32(17-66)
Elderly 2867(15.9) 34(20-70)

Gender 11.426 <0.001
Female 5747(31.8) 31(15-62)
Male 12,353(68.2) 30(14-57)

Residence 116.402 <0.001
Rural 10,293(56.9) 31(15-64)
Urban 7807(43.1) 29(14-46)

Employment status 38357 <0.001
Employed 6989(38.6) 31(15-64)
Unemployed IL,111(61.4) 30(14-53)

Drug resistance 16.063 <0.001
Yes 563(3.1) 32(18-68)
No 17,537(96.9) 30(14-59)

Diabetes mellitus 17.161 <0.001
Yes 897(5) 31(16-66)
No 17,203(95) 30(14-59)

Severe case 0.346 0.557
Yes 1709(9.4) 31(14-61)
No 16,391(90.6) 30(14-59)

Lung cavitation 130.066 <0.001
Yes 3800(21) 34(16-71)
No 14,305(79) 29(14-53)

Treatment options 25.823 <0.001
Standard therapy 17,247(95.3) 30(14-59)
Experiential therapy 853(4.7) 32(19-61)

Abbreviations: M, median; IQR, interquartile range.

Moderating Effects of Age, Gender,

Diabetes Mellitus

When 53 days and 103 days were defined as the cut-off
point of incident poor outcomes and death, the moderat-
ing effects of age, sex, and diabetes mellitus were sig-
nificant. Compared with the references, older patients (45
years and above) with delayed treatment had a higher risk
of incident poor treatment outcomes (AHR: 3.17, 95%
CI: 2.51-4.02) and death (AHR: 11.38, 95% CI: 6.65—
19.46). In addition, male patients with treatment delay
had a higher risk of poor treatment outcomes (AHR:
2.30, 95% CI: 1.74-3.04) and death (AHR: 2.52, 95%
CI: 1.60-3.98). Moreover, patients with diabetes mellitus
who received delayed treatment had a higher risk of
incident poor treatment outcomes (AHR: 1.50, 95% CI:
1.00-2.25) (Figure 3).

Discussion

This study is the first to focus on the relationship between
the time of treatment initiation and treatment outcomes in
northeast China and explore cut-off points of treatment
delay. The study found that when the time of treatment
initiation was greater than 53 days and 103 days, the risk
of incident poor outcomes and death events increased
gradually using 3-knotted restricted cubic spline (RCS)
fitted for Cox proportional hazard regression models.
These cut-off points of treatment delay are more scientifi-
cally grounded than the median of the time or 1 month at
clinical treatment level, and should be used as TB treat-
ment evidence to educate people in Dalian, China. The
method and experience should also be used to explore the
cut-off point in other countries with a high TB burden,
because some countries still face a higher rate of treatment
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Table 2 The Association Between Incident Poor Outcomes and Risk Factors in Cox Regression Models

Independent Variables Poor Treatment Outcomes Death
Incidence Rate, AHR 95% CI Incidence Rate, AHR 95% CI
Per 1000 Per 1000

Time of treatment initiation

QI (014 days) 28.3 Ref. Ref. 9.8 Ref. Ref.

Q2 (15-30 days) 34.1 1.07 0.85-1.35 12.5 0.99 0.67—1.47

Q3 (31-59 days) 39.9 I.15 0.91-1.44 13.3 0.95 0.64—1.41

Q4 (60 days and above) 54.3 1.43 1.15-1.78 22.6 1.49 1.05-2.13
Gender

Female 21.4 Ref. Ref. 77 Ref. Ref.

Male 47.3 1.78 1.46-2.17 17.7 1.94 1.40-2.69
Age

Young 19.6 Ref. Ref. 3.0 Ref. Ref.

Middle 47.5 1.85 1.53-2.24 12.6 3.59 2.30-5.59

Elderly 82.3 3.57 2.92-4.36 55.1 15.64 10.32-23.71
Residence

Rural 37 Ref. Ref. 15.4 Ref. Ref.

Urban 41.8 1.37 I.15-1.63 13.4 1.07 0.80-1.43
Employment status

Unemployed 35.5 Ref. Ref. 133 Ref. Ref.

Employed 41.3 1.21 1.02-1.45 15.3 1.25 0.93-1.68
Drug resistance

No 32 Ref. Ref. 13.6 Ref. Ref.

Yes 259.3 6.98 5.76-8.44 42.6 2.72 1.77-4.17
Treatment options

Standard therapy 372 Ref. Ref. 13.1 Ref. Ref.

Experiential therapy 76.2 1.34 1.03-1.74 434 1.93 1.35-2.75
Severe case

No 38.1 Ref. Ref. 14.9 Ref. Ref.

Yes 48 0.93 0.72-1.21 1.1 0.66 0.39-1.11
Diabetes mellitus

No 36.6 Ref. Ref. 14.0 Ref. Ref.

Yes 87 1.28 0.99-1.65 245 0.98 0.62—1.56
Lung cavitation

No 30 Ref. Ref. 13.4 Ref. Ref.

Yes 732 1.91 1.60-2.28 18.7 1.36 1.00-1.85

Abbreviations: AHR, adjusted hazard ratio; Cl, confidence interval; Q, quartile; Ref, reference;

failure and more serious problems of treatment delay
compared with China. A clear cut-off point of treatment
delay can increase the urgency for patients to seek medical
care and attract the attention of local governments. In
addition, we found that treatment delay has negative
effects on incident poor outcomes and death events in
Dalian. Finally, new cases with delayed treatment who
were male, older and diabetic will have an increased risk
of incident poor treatment outcomes compared with their
references.

Since the Directly Observed Treatment short course
strategy (DOTs) was implemented in Dalian, the quality

and completion of treatment have improved for TB cases,
but the problem of treatment delay has not received equal
attention. The study found that the median time for
patients to start treatment was 30 days (IQR: 14-59
days), and 96.1% of patients started treatment on the day
of diagnosis, demonstrating that patients are highly moti-
vated to start treatment. However, it takes a long time for
patients to seek the first care, which may be reflected poor
awareness of TB. Therefore, educating the general popula-
tion about TB symptoms and the dangers of delayed treat-
ment is a primary concern to address the problem of
treatment delay. After reviewing the extensive literature,
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A Poor treatment outcomes B Death
: 35
251
3.0
b i 251

Adjuested Hazard Ratio and 95% ClI

0 100 200 300 0 100 200 300

Time (Days) Time {Days’

Figure 2 Adjusted hazard ratios (AHRs) of treatment outcomes event risk according to the time of treatment initiation.
Notes: In RCS fitted for Cox regression models, we adjusted for age, gender, resident area, occupation, drug resistance, severe case, lung cavitation, treatment options and
lung cavitation.

Independent variables A Poor outcomes, AHR(95%CI) B Death, AHR(95%CI)

Non treatment delay

Reference

Reference

Treatment delay 1.28(1.09-1.49) ta 1.38(1.01-1.89) ol
Treatment delay (Age)
Non delay (young cases) Reference Reference
Non delay (Older cases) 277(2.24-3.44) —e— 9.14(5.75-14.52) — >
Delay (young cases) 1.81(1.33-2.47) -— 3.64(1.54-8.62) —
Delay (Older cases) 3.17(2.51-4.02) —— 11.38(6.65-19.46) —_—
Treatment delay (Gender)
Non delay (Female cases) Reference Reference
Non delay (Male cases) 1.88(1.46-2.43) i 1.76(1.22-2.52) re—
Delay (Female cases) 1.55(1.08-2.22) =— 1.16(0.54-2.49) H—
Delay (Male cases) 2.30(1.74-3.04) —— 2.52(1.60-3.98) = !
Treatment delay (Diabetes)
Non delay (No diabetes) Reference Reference
Non delay (Diabetes) 1.34(0.99-1.82) = 0.99(0.60-1.64) b
Delay (No diabetes) 1.29(1.10-1.52) Ll 1.37(0.99-1.89) b
Delay (Diabetes) 1.50(1.00-2.25) =— 1.30(0.48-3.54) -
| o g ¢ | — |
AHF‘!’ cSE‘;CI) ¥ —‘UjR (95%CH) "

Figure 3 The moderating effects of age, gender and diabetes mellitus.
Notes: To assess the moderating effects of age, gender, and diabetes mellitus, we adjusted for age, gender, resident area, occupation, drug resistance, severe case, lung
cavitation, treatment options and lung cavitation in Cox regression models.
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the problem of patient delay exists in almost all countries
with a TB high burden, but the problem seems to be worse
in developing countries.”>?%*° This finding is related to
the TB knowledge of citizens and the diagnostic level of

primary medical institutions,*'*

which may make TB
control more difficult to achieve in poor countries. In
addition, TB notification and timely treatment are also
are impacted by the COVID-19 pandemic. According to
a study from Ningxia, China, the TB notification rates
decreased by greater than 60% in the COVID-19 pandemic
compared with the average level. The delay in treatment
during this period was significantly longer than that noted
before the pandemic.*> The COVID-19 pandemic has
resulted in more patients not receiving timely and effective
treatment, resulting in TB community spread and increas-
ing the burden of TB control.?

Under these circumstances, those with undetected TB
will continue to experience worsening symptoms and take
longer to start treatment, adding to difficulties of TB treat-
ment. Old TB cases with treatment delay have an increased
risk of incident poor outcomes. In older patients, their
physical condition worsens, and these patients have some
age-related diseases, such as chronic comorbidities and
dysfunction in cellular immunity.** Therefore, the clinical
presentations of TB can be easily confused with other age-
related illnesses,”” and these patients are more prone to
misdiagnosis and experience adverse events, such as severe
hepatotoxicity during anti-TB treatment.>® More attention
should be given to this vulnerable group, and earlier treat-
ment may be the best choice for these older patients.*” In
addition, male TB cases who delay treatment have a higher
risk of incident poor outcomes. Men are often the main
breadwinners of a family in relatively backwards areas,
and under more family responsibilities and pressure. Once
these males are hospitalized or seek treatment in a TB
hospital in a remote location, the process may take so long
that it affects their income. Therefore, they often choose
a nearby pharmacy to buy medication for their symptoms
and have longer time of treatment initiation.>® In addition,
men tend to have bad living habits such as smoking, drink-
ing and forgetting to take medicines, which increase the
difficulty of TB treatment. Moreover, TB patients with
diabetes and delayed treatment have a high risk of treatment
failure. One study showed that diabetic patients are not only
more susceptible to TB infection but also have higher
mycobacterial burdens at the beginning of treatment and
treatment difficulty.’® Other studies found that alveolar
macrophages of diabetic patients were less activated and

exhibited decreased hydrogen peroxide production, which
are favourable conditions for Mycobacterium tuberculosis.
Thus, diabetic patients seem to need a longer time to
achieve a negative sputum culture.***' Additionally, the
physical condition of TB cases with diabetes mellitus is
very poor, and the efficacy of TB treatments are reduced
when combined with hypoglycaemic drugs and
antibiotics.*? Therefore, the use of predictive host biomar-
kers and tailored anti-TB therapy in patients with diabetes
should be developed to solve this problem and thus improve
treatment effectiveness.*’

Overall, male, middle-aged and elderly and diabetic
patients, which represent vulnerable groups in TB treat-
ment, must receive timely attention. Global strategies and
national TB programmes should identify these groups as
underserved higher-risk groups and improve their access to
diagnosis and screening services.*® Primary health care
institutions are the first choice for many patients, so the
ability of primary medical staff to diagnose TB must be
this
a significant challenge in China. More importantly, gov-

strengthened.  However, problem  represents
ernments and health care officers must spread knowledge
of TB (TB symptoms, treatment delay, etc.) to every
person and include these cut-off points in the TB control
manual given that this lack of knowledge is a risk of poor
outcomes. When people understand the risk of treatment
delay for poor outcomes, they attach greater importance to
TB and TB-related symptoms, and increase the urgency of

seeking medical care once symptoms appear.

Limitations

Several limitations should be mentioned in this study. First, the
calculation of cut-off points only takes into account the
patient’s treatment outcomes, not the infectivity of TB.
Under the circumstance of the End TB Strategy, the earlier
treatment starts, the more it prevents the spread of TB. Second,
the results are only applicable to new pulmonary TB in Dalian,
China. However, this cut-off point could be used as
a methodology for other treatment delay studies to explore
the difference in treatment delay in other countries or regions,
and a further analysis of the reasons behind these differences
may be highly informative for control policies. Third, the time
of treatment initiation was assessed based on the subjective
memory of cases, which may result in recall bias. However,
we used local and national events to minimize this bias.
Fourth, some important confounding factors, such as smoking
status, drink status, and treatment adherence, were not
included.
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Conclusion Ref
This study is the first to identify more scientific cut-off eterences

1. Furin J, Cox H, Pai M. Tuberculosis. Lancet. 2019;393

points of treatment delay to predict poor outcomes using
RCS regression. When the time of treatment initiation is
longer than the cut-off point (53 days), the risk of incident
poor treatment outcomes increases significantly. For aca-
demic research and optimization of clinical treatment, cut-
off points or this method should be promoted, and concern
arises. In addition, treatment delay is a risk factor for
incident poor treatment outcomes and death events. New
TB patients with treatment delay who were male, older,
diabetic had an increased risk of incident poor treatment
outcomes than their references. Policies to increase TB

knowledge must be implemented.
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