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Abstract

Background

Delays in tuberculosis (TB) diagnosis and treatment is a major barrier to effective manage-

ment of the disease. Determining the factors associated with patient and provider delay of

TB diagnosis and treatment in Asia may contribute to TB prevention and control.

Methods

We searched the PubMed, EMBASE andWeb of Science for studies that assessed factors

associated with delays in care-seeking, diagnosis, or at the beginning of treatment, which

were published from January 1992 to September 2014. Two reviewers independently iden-

tified studies that were related to our meta-analysis and extracted data from each study. In-

dependent variables were categorized in separate tables for patient and provider delays.

Results

Among 45 eligible studies, 40 studies assessed patient delay whereas 30 assessed provid-

er delay. Cross-sectional surveys were used in all but two articles, which included 17 coun-

tries and regions. Socio-demographic characteristics, TB-related symptoms and medical

examination, and conditions of seeking medical care in TB patients were frequently re-

ported. Male patients and long travel time/distance to the first healthcare provider led to

both shorter patient delays [odds ratio (OR) (95% confidence intervals, CI) = 0.85 (0.78,

0.92); 1.39 (1.08, 1.78)] and shorter provider delays [OR (95%CI) = 0.96 (0.93, 1.00); 1.68

(1.12, 2.51)]. Unemployment, low income, hemoptysis, and positive sputum smears were

consistently associated with patient delay [ORs (95%CI) = 1.18 (1.07, 1.30), 1.23 (1.02,

1.49), 0.64 (0.40, 1.00), 1.77 (1.07, 2.94), respectively]. Additionally, consultation at a public

hospital was associated with provider delay [OR (95%CI) = 0.43 (0.20, 0.91)].
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Conclusions

We propose that the major opportunities to reduce delays involve enabling socio-

demographic factors and medical conditions. Male, unemployed, rural residence, low

income, hemoptysis, positive sputum smear, and long travel time/distance significantly cor-

related with patient delay. Male, long travel time/distance and consultation at a public hospi-

tal were related to provider delay.

Introduction
The severe epidemic situation of tuberculosis (TB) in Asia is well documented, and TB preven-
tion and control is a top priority for public health. TB can cause enormous social and economic
disruption, cause a series of serious consequences [1], and hamper a nation’s development [2].
In 2012, there were an estimated 8.6 million new TB cases and 1.3 million TB deaths [3]. Of the
22 high-TB burden countries, which account for approximately 80% of the world’s TB cases
[4], almost all are developing countries where one-quarter of the world’s poorest populations
lives. Southeast Asia and the Western Pacific region collectively accounted for 58% of the
world’s TB cases in 2012, and India and China had the largest number of cases (26% and 12%
of the global total, respectively). Moreover, as reported by the World Health Organization
(WHO) [3], approximately 75% of the estimated 2.9 million cases were either not diagnosed or
diagnosed but not reported to national tuberculosis programs in 12 countries, including India
(31% of the global total), South Africa, Bangladesh, Pakistan, Indonesia, China, Democratic Re-
public of the Congo, Mozambique, Nigeria, Ethiopia, the Philippines, and Myanmar.

TB is preventable if people can access health care for prompt diagnosis and treatment. How-
ever, diagnosis and treatment delays are inevitable, and can be categorized as patient delays,
provider delays (including health system or doctor delays), diagnostic delays (sometimes the
sum of patient and provider delays), and treatment delays. Delays are significant regarding dis-
ease prognosis and complications at the individual level, as well as for transmission within the
community, the reproductive rate of the TB epidemic [5], and the possibility of higher mortali-
ty [6, 7]. Delays can affect the rate of infection among close contacts [8], and the emergence of
multidrug-resistant TB [9]. Thus, identifying when delays occur and the factors that correlate
with different types of delay can aid tuberculosis control programs and help medical providers
improve diagnosis and treatment efforts [10]. TB control programs must identify the reasons
for delays in order to improve the control strategies.

It has been reported that one-third of the world’s TB burden, or approximately 4.9 million
prevalent cases, are found in Southeast Asia [11]. Although similar systematic reviews have ad-
dressed delays in diagnosis and treatment and have reported the average (median or mean)
total diagnosis delay, patient delay, and health system delay as 25–185 days, 4.9–162 days, and
2–87 days, respectively, for both low and high income countries [12], as well as India [13], no
study has focused solely on Asia. One meta-analysis [14] described factors associated with pa-
tient and diagnostic delays in Chinese TB patients, and another analyzed factors associated
with patient and health care system delays for TB in sub-Saharan African countries [15]. Thus,
a systematic analysis of factors associated with patient and provider delays for TB that focuses
on Asian countries is necessary to help design interventional studies suited to the culture, eco-
nomic, and co-morbid patterns of this region. We sought studies conducted in adults in Asian
countries to identify factors correlated to patient and provider delays in TB diagnosis. Our re-
sults may contribute to the practical work of TB prevention and control.
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Methods

Inclusion and exclusion criteria
We used the following inclusion criteria: (1) studies that included TB patients (or suspected TB
patients) in Asia; (2) studies that investigated factors that correlated with patient or provider
delays in TB diagnosis and treatment; (3) studies designed as observational studies (cross-
sectional, case—control, or cohort studies); and (4) studies that provided enough information
to calculate the odds ratio (OR) and 95% confidence intervals (CI). If there was more than one
article with the same population or data, the study with the largest population and most com-
plete data was selected.

Our exclusion criteria were: (1) studies that included other diseases; (2) studies that did not
investigate the associated factors; (3) duplicate studies; and (4) review articles, case reports, or
comments without original data.

Two authors (JC, XW) independently screened the titles and abstracts of the studies that
were initially included to assess their eligibility based on the inclusion and exclusion criteria.
When there was a disagreement regarding the qualifications of the studies, the reviewers dis-
cussed whether the studies should be included until a consensus was reached.

Search strategy
Studies published in English from January 1992 to September 2014 that described original re-
search were searched worldwide [16]. Eligible studies involved at least one factor related to de-
lays in care-seeking, diagnosis, or at the beginning of treatment. We searched the PubMed,
EMBASE, and Web of Science databases from January 1992 to September 2014. The search
was limited to studies in humans. Search terms, including ‘tuberculosis’, ‘patient delay’, ‘pro-
vider delay’, ‘diagnosis delay’, ‘treatment delay’, ‘health system delay’, ‘Asia’ and countries in
Asia, were searched in the title and abstract. We reviewed the references of the included studies
and reviews. If it was unclear whether studies were eligible, the full texts were reviewed. The
PubMed search strategy is shown in Table 1.

Table 1. PubMed databases search terms and strategy.

Search terms

1 provider delay

2 diagnosis late

3 delay treatment

4 patient delay

5 health seeking OR care-seeking

6 treatment seek

7 case detection OR case finding OR case diagnosis

8 delay present OR delay diagnosis OR diagnostic errors OR early diagnosis OR undiagnosed

9 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8

10 Tuberculosis

11 Asia OR China OR Hong Kong OR Macao OR Taiwan OR Japan OR Korea OR Mongolia OR
myanmar OR Cambodia OR Indonesia OR Malaysia OR the Philippines OR Singapore OR Thailand
OR Vietnam OR Bangladesh OR India OR maldives OR Nepal OR Pakistan OR Afghanistan OR Iran
OR Israel OR Saudi Arabia OR Turkey

12 9 AND 10 AND 11

doi:10.1371/journal.pone.0120088.t001
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Quality assessment
We rated the quality of all included studies using the Newcastle Ottawa Quality Assessment
Scale (NOS) for non-randomized studies in meta-analyses [17] (Table 2).

Data extraction
Two authors (JC, XW) independently extracted the data from the eligible studies. Differences
were resolved by discussion between the reviewers to reach a consensus. Available information
was extracted from each study including the authors, publication year, location, starting points
and endpoints of delays, study design, method of data collection, characteristics of samples,
measurements of the dependent variables, data source, and conclusions.

Statistical analyses
We summarized related characteristics and independent variables from the 18 selected studies
using separate tables for patient and provider delays. The overall effect of factors related to de-
lays was estimated in more than two studies by conducting a meta-analysis based on ORs and
95% CIs. If ORs and 95% CIs were not reported in the original article but sufficient data were
provided, we used the calculator in Review Manager Software 5.2 (Cochrane Collaborative, Ox-
ford, United Kingdom) to calculate ORs and 95% CIs. We used Q tests and the I-squared statis-
tic [I2 = 100% × (Q-df)/Q] to quantify heterogeneity. Because of the small number of studies
and the small sample size of some of the included studies, we used a P-value of 0.10 and an I2

of 50% to determine statistical significance. If the P-value of the Q statistic�0.10, or if P<0.10
but I2 �50%, we used fixed effect models; otherwise, random effect models were used.

Results

Identification of eligible studies
There were 1700 articles regarding factors associated with patient (care-seeking) delays or pro-
vider (health-system, doctor, or diagnostic) delays identified from the databases. We excluded
1613 articles after browsing the titles and abstracts, primarily because they did not have a de-
pendent relationship with the topic. In addition, we also excluded reviews, letters, comments,
or case reports. After searching 87 full texts, another 34 studies were excluded because although
their initial aim focused on delays, correlated factors were not discussed. Eight articles were ex-
cluded because the endpoint of patient delay was the start of treatment, which overlaps with
the definition of provider delay. Finally, 45 studies were included in this meta-analysis
(Table 2). Fig. 1 shows a flow chart of the literature search for studies regarding patient and
provider delays (Fig. 1).

Study characteristics
The included articles were published between 1997 and 2014 (Table 3). The 45 articles covered
17 countries and regions, including mainland China (k = 14), India (k = 6), Vietnam (k = 3),
Nepal (k = 3), Taiwan (k = 3), Indonesia (k = 2), Malaysia (k = 2), Thailand (k = 2), Bangladesh
(k = 2), Turkey (k = 1), Mongolia (k = 1), Hong Kong (k = 1), Singapore (k = 1), Tajikistan
(k = 1), Jordan (k = 1), Israel (k = 1), and Afghanistan (k = 1). Sample sizes in the studies ran-
ged from 107 to 78,118. All studies except six conducted patient interview surveys (cross-
sectional or cohort design), and used a consecutive method of patient sampling. In all the
studied samples, the proportion of male patients was greater than 50%. Most studies were con-
ducted in both rural and urban areas (k = 37). Finally, there were 41,185 TB cases on patient
delay and 103,427 TB cases on provider delay.
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Table 2. Characteristics of the 45 included studies.

Author, year Location Study design Sample NOS
score

Wang W (2007)[18] China Cross sectional
study

n = 222; newly PTB patients; 76% aged 20–40 years; sex not recorded 4

Leung EC (2007)[19] Hongkong Retrospective
study

n = 1249; pulmonary TB; 68.4% male; 47.7% were aged �60 years 4

Huong NT (2007) [20] Vietnam Cross sectional
study

n = 2093; Smear-positive PTB patients; 71% male; 22.6% were �65 years 5

Enkhbat S (1996)[21] Mongolia Cross sectional
study

n = 107; �16 years TB patients; 54% male; Mean age = 33 years 4

Yamasaki-Nakagawa M
(2001) [22]

Nepal Cross sectional
study

n = 390; new TB cases + began to receive Direct Observation Therapy, Short-
course; 67.9% male; Median age in men = 37 years, in women = 30 years

5

Chiang CY (2005)[23] Taiwan Cross sectional
study

n = 206; new sputum-positive PTB patients; 69.4% male, Mean(range)
age = 59.2 (17–91) years

5

Rojpibulstit M (2006) [24] Thailand Cross sectional
study

n = 192; newly diagnosed smear-positive and smear-negative PTB patients;
75% male; Mean (SD, range) = 43.3 (16.2, 15–83) years

5

Li X (2012)[25] China Cross sectional
study

n = 323; >18 years + migrant + new PTB; 63.8% male; median (inter-quartile
range) = 30 (24–38) years

5

Lock WA (2011)[26] Indonesia Cross sectional
study

n = 194; TB suspects; 54% male; Mean (SD) = 39 (14.1) years 5

Zhou C (2012)[27] China Cross sectional
study

n = 314; TB patients being treated or had finished standard treatment within 6
months; 63.4% male; age mean (range, median) = 31.8 years (15–70, 28)

5

Chang CT (2007)[28] Malaysia Cross sectional
study

n = 316; new smear-positive PTB patients + adult; 61.1% male; age mean
(range, median) = 44.2 (15–7, 45) years

5

Lin X (2008)[29] China Cross sectional
study

n = 10356; smear-positive PTB cases; 65.5% male; Median (IQR) = 38 (27–
54) years

5

Basnet R (2009) [30] Nepal Cross sectional
study

n = 307; new TB patients; 59.0% male; 70.7% 15–54 years 5

Guneylioglu D (2004) [31] Turkey Cross sectional
study

n = 204; smear-positive PTB + hospitalized patients; 59.8% male; Mean
age = 33 years

4

Hoa NB (2011) [32] Vietnam Cross sectional
study

n = 7040; TB suspects + >15 years; 62.9% male; Mean age (SD) = 48.9 (0.3)
years

5

Xu B (2007) [33] China Cross sectional
study

n = 1204; TB suspects; 61.6% male; 40–59 years 36.0% 4

Ahmad RA (2013) [34] Indonesia Cross sectional
study

n = 746; TB suspects + �15 years; 38% male; �60 years 45.4% 4

Phoa LL (2005) [35] Singapore Cross sectional
study

n = 375; adult PTB patients (sputum culture-positive and cough); M/F ratio 3:1,
Median (range) = 49 years (15–90 years)

6

Xu X (2013) [36] China Cross sectional
study

n = 4677; suspected TB cases; 64% male; 15–30 years 60.3% 5

Rundi C (2011) [37] Malaysia Cross sectional
study

n = 296; smear-positive TB patients + �18 years; age and sex were not
presented

6

Zhao X (2014) [38] China Cross sectional
study

n = 819; TB patients + >15 years; 72.5% male; Median (range) = 53 (15–90)
years

5

Cheng G (2005) [39] China Cross sectional
study

n = 190; smear positive PTB patients; 65.3% male; Mean age (SD) = 48.1
(16.6) years

5

Tobe RG (2013) [40] China Cross sectional
study

n = 314; smear positive PTB patients; 63.4% male; age was not presented 6

Choudhari M (2012) [41] Nepal Cross sectional
study

n = 215; PTB patients; 65.6% male; Mean age = 39.6 years 6

Shu W (2014) [42] China Cohort study n = 260; active TB patients; age and sex were not presented 7

Ngamvithayapong J
(2001) [43]

Thailand Cross sectional
study

n = 557; smear positive PTB patients + >15 years; sex was not presented;
Median (range) = 37 (29–52) years old

5

(Continued)
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Patient delay studies
Patient delay was measured using patients’ recall of first TB symptoms as the starting point,
(usually described as the onset of a persistent cough) and the date of the first health facility con-
sultation as the endpoint. All studies measured delay as a dichotomous variable, typically based
on a median split from 7 to 60 days. Nearly all studies reported their definition of delay; howev-
er, some (k = 9) did not mention the specific interval of delay.

Factors assessed. Forty studies assessed associated factors, including patient socio-
demographic characteristics, TB-related symptoms, medical examinations, and conditions of
seeking medical care (Table 3). Socio-demographic characteristics included gender, age,
education, occupation, rural residence, and income level. Thirty-three studies analyzed the

Table 2. (Continued)

Author, year Location Study design Sample NOS
score

Selvam JM (2003) [44] India Cross sectional
study

n = 667; new adult TB patients; 73% male; Mean age = 43 years 5

Chen HG (2014) [45] China Cross sectional
study

n = 1126; PTB patients; age and sex were not presented 6

Kelkar-Khambete A
(2008) [46]

India Cross sectional
study

n = 117; new sputum-positive TB patients; 60% male; 15–44 years 82% 5

Ayé R (2010) [47] Tajikistan Cross sectional
study

n = 168; new PTB patients + �15 years; age and sex were not presented 4

Tobgay KJ (2006) [48] India Cross sectional
study

n = 323; TB patients cough for �3 weeks; 58.8% male; Median = 30 years 6

Rumman KA (2008) [49] Jordan Cross sectional
study

n = 1544; TB suspects + >15 years; 57.3% male; >35 years 62.6% 6

Wang Y (2008) [50] China Cross sectional
study

n = 1005; adult suspected TB cases + >15 years; 54.1% male; �60 years
41.4%

6

Mor Z, (2013) [51] Israel Cross sectional
study

n = 1005; adult suspected TB cases + >15 years; Citizen: 60.8% male; Mean
age (SD) = 53.7 (19.7) years; Migrant: 45.5% male; Mean age (SD) = 35.0
(9.8) years

5

Rifat M (2011) [52] Bangladesh Cross sectional
study

n = 7280; new smear-positive PTB patients; age and sex were not presented 5

Bai LQ (2004) [53] China Cross sectional
study

n = 318; smear-positive PTB patients + �15 years; 72.0% male; Mean age
(SD) = 38.2 (12.0) years

6

Tamhane A (2012) [54] India Cross sectional
study

n = 150; newly smear-positive PTB patients + �18 years; 50% male;
Median = 30 years

5

Sabawoon W (2012) [55] Afghanistan Cross sectional
study

n = 122; smear-positive PTB patients + �15 years; 45.9% male; Mean age
(SD) = 42.2 (17.7) years

4

Karim F (2007) [56] Bangladesh Cross sectional
study

n = 1000; smear-positive PTB patients; 50% male; Mean age = 37.7 years 5

Thakur R (2010) [57] India Cross sectional
study

n = 234; smear-positive PTB patients; 66.7% male; �35 years 50.9% 5

Lönnroth K (1999) [58] Vietnam Cross sectional
study

n = 422; new TB patients + �15 years; 70.4% male; 51.1% were aged 15–34 4

Rajeswari R (2002) [59] India Cross sectional
study

n = 531; new smear- positive TB patients; 72% male; 62%<45 years 5

Lin HP (2009) [60] Taiwan Cross sectional
study

n = 78118; new PTB patients; 69.4%were male; 42648 (54.6%) patients were
aged over 65 years

5

Wang WB (2006) [61] China Cross sectional
study

n = 493; newly TB patients; 72.4% male; 40–60 years 38.1% 4

Lin CY (2010) [62] Taiwan Cross sectional
study

n = 193; culture-proven, new hospitalized PTB patients; 67.9% male; Mean
age (SD) = 63.47 (18.04) years

5

doi:10.1371/journal.pone.0120088.t002
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relationship between male sex and delay, and seven showed male sex negatively correlated with
delay. Thirty-one studies evaluated the role of age in delay, and 13 studies addressed unem-
ployment and patient delay. Education level was discussed in 14 studies. Fourteen studies re-
ported correlations between rural residence and patient delay. Nineteen studies paid attention
to income level. TB symptoms were associated with patient delay in eight studies, in which
cough was analyzed as the first symptom (k = 2) and hemoptysis (k = 8) was associated with
patient severity. Positive sputum smears and chest radiographs were taken at the first consulta-
tion in seven and three studies, respectively. Consulting a public hospital was associated with
delay in ten studies. Long travel time or distance to the first healthcare provider was investigat-
ed in 11 studies.

Meta-analysis. Male, unemployed, low income level, hemoptysis, positive sputum smears,
chest radiographs, and long travel time or distance to the first healthcare provider all signifi-
cantly correlated with patient delay (Table 4). Male and hemoptysis were negatively associated
with patient delay, whereas the other three factors were positively associated (P<0.05). There
were no significant relationships between delay and older age, education level, rural residence,
chest radiographs, or consultation with a public hospital (Fig. 2). Cough and other factors
could not be evaluated due to a lack of data in the studies.

Fig 1. Flow Chart of literature search for studies on the patient delay and provider delays. This figure is a description of the full search process.

doi:10.1371/journal.pone.0120088.g001
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Provider delay studies
The provider (usually described as the health care system, doctor, or diagnostician) delay stud-
ies all used the first consultation at a health facility as the starting point. However, 18 studies
used diagnosis as the endpoint, whereas 12 others used the start of anti-TB treatment. More-
over, different endpoint definitions may not necessarily be different points in time. The dura-
tion was ranged from 7 to 79 days.

Factors assessed. There were 30 studies associated with provider delay. The associated fac-
tors may be related to the aspect of provider delay for diagnosis and treatment. Among socio-
demographic factors, 24 studies mentioned a connection between male sex and provider delay:
two studies showed a positive relationship, two showed a negative relationship, and 20 showed
no relationship. Other factors included older age (k = 24), illiterate or lack of education
(k = 10), rural residence (k = 8), low income (k = 10), and unemployed (k = 4). Other factors,
such as symptoms (cough, k = 2; hemoptysis, k = 8), examination (positive sputum smears:
k = 8; chest radiographs: k = 5), and consulting with a public hospital (k = 12), were found to
be correlated with provider delay in at least one study. Finally long travel time or distance from
the patient’s home to the health facility was reported to be correlated with provider delay in
seven studies. (Table 5)

Meta-analysis. Male sex, older age, illiterate or lack of education, unemployment, rural
residence, low income, hemoptysis, positive sputum smears, consulting with a public hospital,

Table 4. Results of meta-analyses and test for heterogeneity of patient delay.

Variable k OR (95% CI) a Heterogeneity between
studies

Test for overall
effect (P)

Q statistic P-value I2

Male sex 33 0.85 (0.78,
0.92)

107.33 <0.00001 70% 0.0001

Unemployed 13 1.18 (1.07,
1.30)

12.99 0.37 8% 0.001

Income (Low) 19 1.23 (1.02,
1.49)

99.08 <0.00001 82% 0.03

Haemoptysis 8 0.64 (0.40,
1.00)

39.86 <0.00001 82% 0.05

Positive smear 7 1.77 (1.07,
2.94)

119.89 <0.00001 95% 0.03

Long travel time/distance to the
first healthcare provider

11 1.39 (1.08,
1.78)

36.06 <0.0001 72% 0.01

Age (older) 31 1.01 (0.91,
1.11)

144.10 <0.00001 79% 0.87

Education(illiterate) 14 0.99 (0.78,
1.24)

45.23 <0.0001 71% 0.90

Rural residence 14 1.15 (0.99,
1.34)

42.25 <0.0001 69% 0.06

Chest radiographs 3 1.42 (0.78,
2.58)

27.72 <0.0001 93% 0.25

Consult with a public hospital 10 0.99 (0.65,
1.50)

66.39 <0.00001 86% 0.96

a. P-value for homogeneous studies (Q statistic, P�0.10, or P<0.10, but I2�50%)—fixed-effect model;

otherwise, P-value for significantly heterogeneous studies (Q statistic, P<0.10, but I2>50%)—random

effects model.

doi:10.1371/journal.pone.0120088.t004
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and long travel time or distance had sufficient information to calculate ORs and 95% CIs. Only
male sex and consultation with a public hospital negatively correlated with provider delays,
whereas long travel time or distance to the first healthcare provider positively associated with
provider delay (P<0.05). The pooled effect size for the factors in these studies are shown in
Table 6, indicating that male patients and the first consultation with a public hospital had
shorter provider delays, whereas long travel time or distance to the first healthcare provider
may have longer delays (Fig. 3).

Discussion
Although the prevalence of TB in most Asian countries has been decreasing annually in recent
years [63], there is still an epidemiological challenge for TB control. Moreover, case detection is
often late. This meta-analysis reviewed the factors correlated to delays in TB diagnosis and
treatment, which could provide valuable data for TB programs. A meta-analysis regarding TB
treatment delays in Asia was not previously conducted. Understanding the factors that are
closely associated with delays is essential to effectively controlling TB, accessing TB services, as
well as reducing delays for seeking prompt diagnosis and treatment [64]. As reported by Glanz

Fig 2. Forest plots of meta-analysis of factors associated with patient delay. This figure shows forest plots for the meta-analysis of five factors
associated with patient delay. OR and 95%CI for each factor are given. Notes: A- Male sex; B- Low income; C- Unemployed occupation; D- Haemoptysis;
E- Smear positive; F- Long travel time/distance to the first healthcare provider.

doi:10.1371/journal.pone.0120088.g002
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et al. [65], individual-level factors include socio-demographics, TB symptoms, knowledge, atti-
tudes, and behaviors. Furthermore, due to the ease of data collection, socio-demographic char-
acteristics were the majority of independent variables that were assessed for correlation with
patient or provider delays.

Our data showed that male sex served as an important determinant of both patient and pro-
vider delays. Despite the cross-sectional nature and sufficient sample size to detect correlations
with delay, male sex negatively correlated with delays in seeking diagnosis and treatment for
TB. Similar findings were reported in studies from other countries [66, 67]. In addition, cultur-
al factors are likely to be involved in gender differences. Because of the higher TB prevalence in
males, TB is likely suspected and investigated more readily in men [68]. Therefore, men are
likely to seek health care earlier when symptoms appeared; thus, TB propaganda regarding dis-
ease control and diagnosis is more necessary for men. Moreover, biological differences between
males and females with respect to TB incidence and the sensitivity of smear examinations may
play an essential role [69]. In addition, gender-specific themes were particularly pervasive with-
in financial, stigma, and health literacy barriers. Studies [70, 71] for gender-related differences
in barriers and delays in TB diagnosis and treatment services found that women experienced
greater financial barriers and greater stigma than men; the identified barriers were gender-
specific in the majority of studies. It is therefore challenging to overcome gender-specific barri-
ers that require intervention. We propose that female patients with symptoms suggestive of TB
should receive more attention before and after seeking care.

Table 6. Results of meta-analyses and test for heterogeneity of provider delay.

Variable k OR (95% CI) a Heterogeneity between
studies

Test for
overall effect
(P)

Q statistic P-value I2

Male sex 24 0.96 (0.93,
1.00)

30.26 0.14 24% 0.03

Consult with a public hospital 12 0.43 (0.20,
0.91)

286.39 <0.00001 96% 0.03

Long travel time/distance to the
first healthcare provider

7 1.68 (1.12,
2.51)

36.13 <0.00001 83% 0.01

Age (older) 24 1.17 (0.91,
1.51)

962.61 <0.00001 98% 0.21

Education (illiterate) 10 0.88 (0.74,
1.05)

7.32 0.60 0% 0.15

Rural residence 8 1.20 (0.76,
1.88)

62.37 <0.00001 89% 0.44

Income (low) 10 1.13 (0.80,
1.58)

27.44 0.0010 67% 0.50

Unemployed 4 1.68 (0.72,
3.94)

38.51 <0.00001 92% 0.23

Haemoptysis 8 0.78 (0.42,
1.44)

53.68 <0.00001 87% 0.42

Positive smear 8 0.61 (0.13,
2.96)

2313.32 <0.00001 100% 0.54

Chest radiographs 5 0.72 (0.31,
1.70)

182.38 <0.00001 98% 0.46

a. P-value for homogeneous studies (Q statistic, P�0.10, or P<0.10, but I2�50%)—fixed-effect model;

otherwise, P-value for significantly heterogeneous studies (Q statistic, P<0.10, but I2>50%)—random

effects model.

doi:10.1371/journal.pone.0120088.t006
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Regarding the behavior of patients, long travel time or distance to the first healthcare pro-
vider was found to be a significant determinant that correlated with both patient and provider
delays. Previous reviews of the factors associated with patient and diagnostic delays in China
and sub-Saharan African countries [14, 15] reported that the majority of factors associated
with delays in TB diagnosis and treatment were related to the place of first consultation, travel
time, or distance from the health facility. A study conducted in rural Ethiopia agreed that the
difficulty of geographic access to health facilities was identified as one of the primary reasons
for patient delay [72], indicating that geographic issues can also influence the timeliness of
medical service, particularly in remote and poor areas.

Fig 3. Forest plots of meta-analysis of factors associated with provider delay. This figure shows forest plots for the meta-analysis of male sex factor
associated with provider delay. OR and 95%CI for the factor are given. Notes: A- Male sex; B- Consult with a public hospital; C- Long travel time/distance to
the first healthcare provider.

doi:10.1371/journal.pone.0120088.g003
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This meta-analysis highlights that socio-demographic factors, including low level of income
and unemployment, were positively associated with long patient delay. According to WHO de-
terminants of TB control, risk factors of delayed diagnosis can be divided into three levels:
socio-economic, clinical, and health system factors [73]. Most Asian countries have a consider-
able rural population due to their developing economics. Due to lower incomes, potential TB
patients may be less likely to seek care after persistent cough for 3 weeks compared to higher-
income individuals [74]. Additionally, there are fewer health facilities in low-economic areas
and it is more difficult for patients to seek health-care, subsequently affecting patient delay.
Previous studies have shown that unemployment is an independent risk factor for delay in
seeking treatment [58]. Pooling the factors together, the data indicate that poverty may dis-
courage patients from seeking health care in a timely manner. Community health workers
should design individualized and community-based propaganda and education to address the
symptoms of TB. Moreover, community health workers can be effective in the referral of po-
tential patients to rural and national TB control institutions. Therefore, when there is a global
emphasis on the use of community health service personnel for disease prevention and control
at the rural level, rural health workers could play a key role in the fight against TB [75].

Another factor associated with patient delay was hemoptysis, which negatively correlated
with delay. The presence of hemoptysis may be the most characteristic and severe symptom of
TB, and it is not surprising that it prompts the initial health consultation [25]. A previous
study suggested why hemoptysis can lead to timely physical examinations and a TB diagnosis
[76]. It is important to balance the TB severity and the costs associated with seeking care to
continue with diagnosis and treatment. In the current report, consultation with a public hospi-
tal for the first visit negatively correlated with provider delays. Storla et al. [77] reported similar
results in a systematic review, showing that selection of a traditional practitioner for the first
visit is associated with prolonged delays in diagnosis in a range of studies. It was also reported
that the number and type of provider first consulted were the most important risk factors for
diagnosis delay [13]. Thus, understanding how patients seek health care and to attempt to pro-
vide sufficient public health care is very important for TB control.

This meta-analysis was limited by the study designs of the included articles, which may ex-
plain the heterogeneity to some extent. Almost all included studies were cross-sectional in de-
sign, which used a consecutive method of sampling. Cross-sectional studies have a number of
inherent limitations that potentially bias the results, such as its low comparability and that it is
includes certain confounders. Thus, these studies do not obtain the causality of the observed as-
sociations. Although some of the studies were controlled by logistic regressions for these con-
founders, their residual effect might still have introduced bias. In addition, although the NOS
scores of included studies were a little low, they were still in the moderate quality (most 5 or 6
scores) [78,79]. Therefore, it should make the the reliability of this review.

The available studies had different definitions of provider delay, as well as multiple classifi-
cations of socio-demographic variables, such as income, education, and types of health facility
consulted by TB patients, which limit the comparability of these studies. Although there were
varying cut-off points for delay duration (particularly for provider delay), most studies used
the same starting point and end point (provider delay had two different end points). However,
when the two types of delay are combined, the correlated factors of delays can be better ana-
lyzed [24].

Conclusion
This meta-analysis confirms that socio-demographic characteristics, symptoms of TB patients,
and long travel distance to the first provider have critical roles in patient delay in TB diagnosis
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and treatment. However, only male sex and long travel distance to the first provider correlated
to both patient and provider delays, suggesting that availability, and particularly timeliness, of
public healthcare providers should be primary concerns of policymakers. However, these stud-
ies are not comparable because of their weak and sole study designs and various cut-off points
for the duration of delays, particularly for provider delay. Future studies are required that use
stronger designs (cohort or case-control studies) and can establish causality among affected
factors. Moreover, a standard definition of delay will allow for more appropriate comparisons
across studies.
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