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ABSTRACT
Background: The epidemic of type 2 diabetes mellitus (T2DM) poses a great challenge to pul-
monary tuberculosis (PTB) control. However, the incidence and prevalence of PTB among T2DM
patients has not been fully determined. This meta-analysis aimed to provide the estimation on
the global incidence and prevalence of PTB among T2DM patients (T2DM-PTB).
Methods: Online databases including Web of Science, PubMed, China National Knowledge
Infrastructure and Cochrane Library were searched for all relevant studies that reported the inci-
dence or prevalence of T2DM-PTB through 31 January 2022. Pooled incidence and prevalence
of T2DM-PTB with 95% confidence interval (CI) was estimated by the random-effect model. All
statistical analyses were performed using R software.
Results: A total of 24 studies (14 cohort studies, 10 cross-sectional studies) were included. The
pooled incidence and prevalence of T2DM-PTB were 129.89 per 100,000 person-years (95% con-
fidence interval (CI): 97.55–172.95) and 511.19 per 100,000 (95% CI: 375.94–695.09), respectively.
Subgroup analyses identified that the incidence of T2DM-PTB was significantly higher in Asia
(187.20 per 100,000 person-years, 95% CI: 147.76–237.17), in countries with a high TB burden
(172.04 per 100,000 person-years, 95% CI: 122.98–240.68) and in studies whose data collection
ended before 2011 (219.81 per 100,000 person-years, 95% CI: 176.15–274.28), but lower in stud-
ies using International Classification of Diseases-10 codes (73.75 per 100,000 person-years, 95%
CI: 40.92–132.91). The prevalence of T2DM-PTB was significantly higher in countries with a high
TB burden (692.15 per 100,000, 95% CI: 468.75–1022.04), but lower in Europe (105.01 per
100,000, 95% CI: 72.55–151.98).
Conclusions: This systematic review and meta-analysis suggests high global incidence and
prevalence of PTB among T2DM patients, underlining the necessity of more preventive interven-
tions among T2DM patients especially in countries with a high TB-burden.

KEY MESSAGES

� A total of 24 studies (14 cohort studies, 10 cross-sectional studies) containing 2,569,451
T2DM patients were included in this meta-analysis.

� The pooled incidence and prevalence of T2DM-PTB are 129.89 per 100,000 person-years (95%
CI: 97.55–172.95) and 511.19 per 100,000 (95% CI: 375.94–695.09) respectively.

� The incidence of T2DM-PTB was significantly higher in Asia, in countries with a high TB bur-
den and in studies whose data collection ended before 2011, but lower in studies using
International Classification of Diseases-10 codes.

� The prevalence of T2DM-PTB was significantly higher in countries with a high TB-burden, but
lower in Europe.
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Introduction

As a major global health problem, tuberculosis (TB) is
a serious chronic infectious disease caused by
Mycobacterium tuberculosis (MTB). TB occurs mostly in

the lungs, leading to pulmonary TB (PTB). The 2021
Global TB reported that there were approximately 9.87
million new TB patients worldwide with an incidence
rate of 127 per 100,000 in 2020 [1]. Although
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substantial efforts have contributed to the decline in
the global TB epidemic, the pace of progress needs to
be speed up to curb TB burden and achieve goals of
WHO’s “End TB strategy”.

Diabetes mellitus (DM) is a group of metabolic dis-
eases characterized by hyperglycaemia, which is
known to be an important predisposing factor in the
development of PTB. The incidence of DM is increas-
ing rapidly. In 2019, the number of DM patients has
exceeded 460 million, which is expected to reach 700
million by 2045 [2]. Type 2 diabetes mellitus (T2DM)
accounts for almost 90% of DM that caused by a com-
bination of resistance to insulin action and an inad-
equate compensatory insulin secretory response [3].
T2DM frequently causes adverse microvascular and
macrovascular comorbidities [4], such as chronic kid-
ney disease, hypertension, myocardial infarction. A
previous meta-analysis demonstrated that DM patients
have two- to four-fold increased risk of active TB in
comparison to the non-DM population [5], which may
be related to the impaired innate and adaptive
immune system caused by the long-term poor gly-
cemic control. Additionally, the rates of treatment fail-
ure and death of PTB patients with concomitant DM
are higher [6]. Therefore, it highlights the importance
to understand the incidence and prevalence of
T2DM-PTB co-morbidity, especially in high TB-bur-
den countries.

To the best of our knowledge, a growing body of
research have explored the mutual relationship of
these two diseases and paid more attention to the bi-
directional screenings of TB and DM [7]. Risk factors
have been determined for PTB in T2DM patients previ-
ously [8–10]. However, current evidence from epide-
miologic studies has been limited. Besides, the global
incidence and prevalence of PTB among T2DM
patients has not been fully determined. In order to
implement comprehensive prevention strategy, it is
imperative to conduct a systematic review and meta-
analysis to review the current knowledge about the
incidence and prevalence, and associated risk factors
of PTB among patients with T2DM.

Methods

Search strategy

This meta-analysis followed the guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses statement. A literature search was conducted
through electronic and manual searches on Web of
Science, PubMed, China National Knowledge
Infrastructure (CNKI) and Cochrane Library to identify

all relevant studies published from their inception to
31 January 2022. The following keywords included:
(“tuberculosis” or “TB” or “pulmonary tuberculosis” or
“PTB”) and (“diabetes mellitus” or “DM” or “type 2 dia-
betes mellitus” or “T2DM”) without restriction to
regions and languages. The bibliographic database
searches were supplemented by screening the refer-
ence lists of all relevant publications. All search
records were inserted into EndNote X8 software.

Eligibility criteria

We included eligible observational studies (cohort and
cross-sectional studies) that reported the incidence
and/or prevalence of PTB in patients with T2DM or
provided enough data (the number of T2DM-PTB
cases and person-years of follow up) to compute the
estimates. For studies with overlap population, only
the study with the latest information or larger sample
size was enrolled.

Exclusion criteria

The exclusion criteria for the studies included in this
meta-analysis were as follows: (1) the full text could
not be retrieved, (2) studies were performed in ani-
mals, (3) data were insufficient for analysis, (4) the
diagnostic criteria of T2DM were not clearly reported,
(5) studies were published as reviews, meta-analysis,
case series with small sample size (<50), meeting
abstracts or editorials.

Data extraction and quality assessment of
included studies

Two investigators (Qian Wu and Yang Liu) independ-
ently screened the titles and abstracts of all articles for
eligibility, and extracted the following data of each eli-
gible study: first author’s name, publication year, the
prevalence of T2DM-PTB (or number of T2DM and
T2DM-PTB cases), the incidence of T2DM-PTB (or num-
ber of T2DM and T2DM-PTB cases, person-years of fol-
low up), study period, study design, region, TB burden
of study countries, definitions or diagnostic criteria for
PTB. Quality of cohort studies was assessed using
Newcastle-Ottawa quality assessment scale (NOS), with
a score of �5 out of 10 considered as high-quality
score [11]. Risk of bias in prevalence studies were
assessed by using Hoy’s risk of bias tool [12]. Any dis-
agreement between the researchers was resolved
through discussion. The corresponding authors were
contacted by e-mail for additional data.
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Statistical analysis

The incidence and prevalence of PTB among T2DM
patients was reported with 95% confidence intervals
(CIs) and presented in the forest plot. For cohort stud-
ies, T2DM-PTB incidence should be corrected for the
total follow-up time and expressed as cases per
100,000 person-years. T2DM-PTB prevalence should be
expressed as cases per 100,000. I2 statistic was used to
quantify the effect of heterogeneity. In the case of sig-
nificantly between-study heterogeneity (I2 value >

50% and the p value for Cochrane Q test <0 .10), the
random-effects model was selected to compute the
pooled estimate of prevalence [13]. Otherwise, the
fixed-effect model was used. To identify the possible
source of heterogeneity, we conducted subgroup ana-
lysis stratified by region, the TB burden of study coun-
tries, study design, diagnostic criteria for PTB and
ending year of data collection. In addition, the visual
inspection funnel plot with Egger’s linear regression
test [14] and Begg’s rank correlation test [15] were
used to assess potential publication biases. In order to
assess the stability and reliability of the estimates, sen-
sitivity analysis was conducted by iteratively removing
one study from the meta-analysis. For all tests,
p< 0.05 was deemed to be statistically significant. All

statistical analyses were conducted using R software
(version 3.6.1; http://www.R-project.org) with the
“meta” package.

Results

Search results

After the comprehensive literature search, we identi-
fied 16,552 citations from Web of Science (6200),
PubMed (5419), CNKI database (4600), Cochrane library
(333). A total of 11,752 records remained after dupli-
cates were excluded. After screening titles and
abstracts, 67 eligible studies were retrieved. Finally, 43
studies were excluded accordingly and 24 studies
[16–39] were included in this systematic review with
meta-analysis (Figure 1). A total of 2,569,451 patients
with T2DM were included, out of which 12,642
patients were T2DM-PTB patients. There were 14
cohort studies and 10 cross-sectional studies. All of
these included studies were conducted from 1998 to
2018. The sample size of these studies ranged from
630 to 840,899. In terms of study region, 19 were
from Asia (79.17%), 3 from Africa (12.50%) and 2 from
Europe (8.33%). The majority of the included cohort
studies were of moderate or high quality. The overall
risk of bias of the prevalence studies was low in 7
(29.17%) studies, moderate in 12 (50%) studies and
high in 5 (20.83%) studies.

T2DM-PTB incidence

Fourteen cohort studies containing 2,533,555 T2DM
patients reported the incidence of T2DM-PTB. Since
the three studies among them were conducted in dif-
ferent groups, we analysed these studies separately
[18,20,25]. The main characteristics of the eligible stud-
ies were extracted and listed in Table 1. For significant
heterogeneity among the included studies (I2¼99.6%,
tau2¼0.37, p< 0.001), random effects model was used
for incidence pooling. As shown in the forest plot
(Figure 2), the overall pooled incidence of PTB among
T2DM patients was 129.89 (95% CI: 97.55–172.95) per
100,000 person-years. The T2DM-PTB incidence of
these studies ranged from 16.02 (95% CI: 13.73–18.70)
to 459.25 (95% CI: 411.97–511.95). Funnel plot of inci-
dence was symmetric visually. The results of Egger’s
linear regression test (t ¼�2.06, p¼ 0.06) and Begg’s
rank correlation test (z ¼�1.25, p¼ 0.21) showed
no significant publication biases (all p> 0.05)
(Supplementary Figure S1). Sensitivity analysis showed
that the estimates after omitting any study did not
change significantly from the pooled estimates of

67 studies retrieved for further
detailed assessment

Reviews or meta-analysis (1759)
Case reports, trials, meeting
abstracts or editorials (1867)
Excluded after titles/abstracts
screen (8059)

14 studies included for
incidence meta-analysis

16552 records identified from Web of Science
(6200), PubMed (5419), the Chinese National
Knowledge Infrastructure (CNKI) database
(4600), Cochrane library (333)

11752 potentially relevant reports
after duplicates removed

Excluded by review of full-text (12)
No sufficient data for analysis (15)
Full text were not available (7)
Not meet the diagnostic criteria (7)
Duplicated publication (2)
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Figure 1. Flow chart of study selection.
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T2DM-PTB incidence were robust (Supplementary
Figure S2).

T2DM-PTB prevalence

Fourteen cohort studies and ten cross-sectional studies
containing 2,569,451 T2DM patients reported the
prevalence of T2DM-PTB cases. The main characteris-
tics of the eligible studies were extracted and listed in
Table 2. Pooling by random effects model (I2¼99.6%,
tau2 ¼0.55, p<0 .001), the overall pooled prevalence
of T2DM-PTB was 511.19 (95% CI: 375.94–695.09) per
100,000 (Figure 3). The T2DM-PTB prevalence of these
studies ranged from 87.28 (95% CI: 75.28–100.64) to
2517.70 (95% CI: 2264.36–2791.06). Funnel plot of
prevalence was symmetric visually. The results of
Egger’s linear regression test (t¼�0.34, p¼ 0.74) and
Begg’s rank correlation test (z¼ 0.30, p¼ 0.77) con-
firmed no significant publication biases (all p> 0.05)
(Supplementary Figure S3). In addition, sensitivity ana-
lysis indicated that the pooled estimate of T2DM-PTB
prevalence was stable (Supplementary Figure S4).

Subgroup analysis

The results of subgroup analysis are shown in Table 3.
The incidence of PTB in patients with T2DM was sig-
nificantly higher in Asia (187.20 per 100,000 person-
years, 95% CI: 147.76–237.17) compared with Europe

(20.24 per 100,000 person-years, 95% CI: 14.64–27.99)
(p< 0.01). A significant higher incidence of T2DM-PTB
was observed in countries with a high TB burden
(172.04 per 100,000 person-years, 95% CI:
122.98–240.68) than in countries with a low TB bur-
den (73.75 per 100,000 person-years, 95% CI:
40.92–132.91) (p¼ 0.01<0.05). In terms of different cri-
teria for PTB, the incidence of T2DM-PTB was rela-
tively higher in studies by reviewing medical or public
health records (270.00 per 100,000 person-years, 95%
CI: 218.63–333.45), using International Classification of
Diseases (ICD)-9 codes (203.30 per 100,000 person-
years, 95% CI: 153.90–268.55), but lower in studies
using ICD-10 codes (73.75 per 100,000 person-years,
95% CI: (40.92–132.91) (p< 0.01). In addition, the esti-
mated T2DM-PTB incidence was lower in studies
whose data collection ended after 2011 (66.18 per
100,000 person-years, 95% CI: 28.73–152.47) than
before 2011 (219.81 per 100,000 person-years, 95% CI:
176.15–274.28) (p< 0.01).

The prevalence of T2DM-PTB was also significantly
higher in countries with a high TB burden (692.15 per
100,000, 95% CI: 468.75–1022.04) than that in coun-
tries with a low TB burden (250.73 per 100,000, 95%
CI: 180.22–348.84) (p< 0 .01). Besides, the prevalence
of T2DM-PTB was significantly higher in Asia (594.19
per 100,000, 95% CI: 431.86–817.54) and Africa (617.43
per 100,000, 95% CI: 287.07–1327.96) than in Europe
(105.01 per 100,000, 95% CI: 72.55–151.98) (p< 0 .01).

Figure 2. Forest plot of the incidence of pulmonary tuberculosis (PTB) in type 2 diabetes mellitus (T2DM) patients.
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Table 2. Summary of the studies that reported the PTB prevalence in T2DM.
Study PTB T2DM Period Country Region High TB-burden Study design Risk of bias

Zhang XL 2021 [29] 40 8995 2017.10–2018.9 China Asia Yes Cross-sectional Moderate
Dabhi PA 2020 [30] 9 1000 2014.9–2015.4 India Asia Yes Cross-sectional High
Ji Y 2020 [16] 22 14,869 2016–2018 China Asia Yes Cohort Moderate
Li Y 2020 [17] 439 240,692 2010–2015 China Asia Yes Cohort Low
Pan SW 2019 [18] 539 45,339 2000–2013 Taiwan, China Asia Yes Cohort Moderate
Chan MW 2019 [31] 8 4209 2016.2–2016.10 Malaysia Asia No Cross-sectional High
Ekeke N 2019 [32] 18 3328 2018.2–2018.10 Nigeria Africa Yes Cross-sectional Moderate
Gadallah M 2019 [33] 14 4283 2012.6–2012.12 Egypt Africa No Cross-sectional High
Carey IM 2018 [19] 123 96,630 2008–2015 UK Europe No Cohort Low
Tseng CH 2018 [20] 2097 164,267 1999–2011 Taiwan, China Asia Yes Cohort Low
Lin SY 2018 [21] 917 49,028 1998–2010 Taiwan, China Asia Yes Cohort Moderate
Qiu HB 2017 [22] 785 170,399 2004–2009 China Asia Yes Cohort Moderate
Yang BR 2017 [23] 1216 33,1601 2009 Korea Asia No Cohort Moderate
Lee PH 2016 [24] 63 11,260 2005.3–2009.7 Taiwan, China Asia Yes Cohort Moderate
Hu J 2016 [34] 3 899 2013.12–2014.6 China Asia Yes Cross-sectional Moderate
Pealing L 2015 [25] 189 216,545 1990–2012 UK Europe No Cohort Low
Lin YH 2015 [35] 12 3087 2012.9–2012.11 Taiwan, China Asia Yes Cross-sectional Low
Zhang XL 2015 [36] 79 5380 2013 China Asia Yes Cross-sectional Low
Heo EY 2015 [26] 1533 33,1601 2009–2011 Korea Asia No Cohort Low
Lee MY 2015 [27] 352 13,981 1998–2009 Taiwan, China Asia Yes Cohort Moderate
Kang YA 2014 [28] 4075 84,0899 2007–2010 Korea Asia No Cohort Moderate
Zhao WJ 2013 [37] 14 4085 2012.5–2012.7 China Asia Yes Cross-sectional Moderate
Mtwangambate G 2013 [38] 9 630 2011.9–2012.3 Tanzania Africa Yes Cross-sectional High
Leung CC 2008 [39] 86 6444 2000–2005 Hongkong, China Asia Yes Cohort High

T2DM: type 2 diabetes mellitus; PTB: pulmonary tuberculosis; n/N: number; TB: tuberculosis.

Figure 3. Forest plot of the prevalence of pulmonary tuberculosis (PTB) in type 2 diabetes mellitus (T2DM) patients.
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However, no significant difference in the prevalence of
T2DM-PTB was found when stratified according to
study design (p¼ .89).

Discussion

This review quantitatively synthesized the existing evi-
dence based on 24 studies involving a total of
2,569,451 T2DM patients, and revealed that the esti-
mated overall incidence and prevalence of PTB among
T2DM patients were 129.89 (95% CI: 97.55–172.95) per
100,000 person-years and 511.19 (95% CI:
375.94–695.09) per 100,000 respectively. The mecha-
nisms that explain the association between T2DM and
increased susceptibility to PTB are barely understood.
One of the main causes for the aggravation and even
death of T2DM patients is their high susceptibility to
many infectious diseases including PTB, which may be
related to immune dysfunction [40]. In terms of the
high incidence and prevalence of T2DM-PTB,
preventive interventions among T2DM patients
are imperative.

It is worth noting that the incidence of PTB in
T2DM patients varies significantly in different geo-
graphical regions, which was significantly higher in
Asia countries than that in Europe countries. This is in

accordance with the finding reported in another sys-
tematic review that DM patients in Asian continent
(2.46, 95% CI: 2.04–3.02) were at higher risk of TB than
DM patients in Europe (1.71, 95% CI: 1.33–2.20). The
incidence of T2DM-PTB was significant higher in coun-
tries with a high TB burden than in countries with a
low TB burden, which may be related to the socio-
economic conditions and access to medical healthcare.
It highlights the need to implement prevention inter-
ventions, such as T2DM-PTB bidirectional screening, to
reduce the dual burden especially in low-income and
middle-income countries. The literatures included in
this meta-analysis have different criteria for PTB diag-
nosis. According to the subgroup analysis, the inci-
dence of T2DM-PTB differed between subgroups. Our
results showed that the T2DM-PTB incidence was
higher in studies by reviewing medical or public
health records and using ICD-9 codes. It indicated that
different methods may affect the results of PTB diag-
nosis in T2DM patients. The first study to complete
data collection ended in 2005 [39], but the latest
study to complete data collection ended in 2018 [16].
In terms of the ending year of data collection, we
found the estimated T2DM-PTB incidence was signifi-
cantly lower for studies whose data collection ended
after 2011 than before 2011. It can be speculated that

Table 3. Subgroup analysis of PTB incidence and prevalence in T2DM.

Subgroups N Effect size [95% CI] I2

p Value of
between-subgroup
heterogeneity

Incidence (per 100,000 person-years)
Region <0.01

Aisa 15 187.20 (147.76, 237.17) 99.3%
Europe 3 20.24 (14.64, 27.99) 85.7%

TB-burden 0.01
High 12 172.04 (122.98, 240.68) 99.3%
Low 6 73.75 (40.92, 132.91) 99.8%

Criteria of PTB <0.01
ICD-9 8 203.30 (153.90, 268.55) 98.4%
ICD-10 6 73.75 (40.92, 132.91) 99.8%
Guidelines for the implementation of China’s TB control Program (2008) 2 85.37 (30.25, 240.87) 95.8%
Guidelines for the implementation of China’s TB control Program (2002) 1 119.85 (111.76, 128.53) –
By reviewing medical or public health records 1 270.00 (218.63, 333.45) –

Ending year of data collection <0.01
�2011 10 219.81 (176.15, 274.28) 99.2%
>2011 8 66.18 (28.73, 152.47) 99.5%

Prevalence (per 100,000)
Region <0.01

Aisa 19 594.19 (431.86–817.54) 99.6%
Africa 3 617.43 (287.07, 1327.96) 83.5%
Europe 2 105.01 (72.55, 151.98) 90.6%

TB-burden <0.01
High 17 692.15 (468.75, 1022.04) 99.4%
Low 7 250.73 (180.22, 348.84) 99.2%

Study design 0.89
Cohort 14 503.19 (339.72, 745.30) 99.8%
Cross-sectional 10 524.95 (324.17, 850.07) 90.4%

PTB: pulmonary tuberculosis; TB: tuberculosis; N: number, CI: confidence intervals.
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the decline in T2DM-PTB incidence may be is associ-
ated with substantial progress made in the areas of TB
prevention, diagnosis and treatment.

The pooled prevalence of T2DM-PTB was much
lower than the prevalence of DM-TB (4.72%, 95% CI:
3.62–5.83%) reported in a previous meta-analysis [41],
which might be attributed to different study popula-
tion and inclusion criteria. Our study found significant
higher prevalence of T2DM-PTB in Africa and Asia,
which consistent with findings reported by previous
meta-analyses [41,42]. It might partly be attributable
to the fact that most of the studies included in this
meta-analysis were conducted in endemic regions.
When evaluated by TB burden of study countries, the
prevalence of T2DM-PTB appeared to be higher in
countries with a high TB burden compared to coun-
tries with a low TB burden. This finding is supported
by the fact that the number of new TB cases world-
wide is mostly from countries with a high TB burden,
such as India, China and Nigeria. In terms of study
design, there was no significant difference in the
prevalence of T2DM-PTB between cohort studies and
cross-sectional studies.

There are several limitations should be acknowl-
edged in this meta-analysis. First of all, there has been
epidemiological evidence that age [43], the status of
glycemic control [44], cigarette smoking [41], gender
and body mass index [37] are factors related to the
prevalence of TB among DM patients. However, in
most of included studies lack of information about
these variables, restricting our ability to identify spe-
cific traits in subgroup analyses. Second, the hetero-
geneity among the included studies was significant,
which may be caused by unmeasured characteristics.
Thus, the pooled incidence and prevalence need to be
interpreted with caution. Third, most of these studies
in this meta-analysis were cross-sectional and did not
set up a control group, so there was a lack of reason-
able comparison. Fourth, our comprehensive search
strategy has identified many eligible studies, but the
majority of them conducted in Asia. As we known,
most of the 30 countries with high-TB burden were
from Asia and Africa. In countries with low-TB burden,
there is little research in the field of T2DM-PTB comor-
bidity. To some extent, it might have implications for
the precision and representativeness of the estimates.

Despite these limitations, to the best of our know-
ledge, this is the first meta-analysis that quantitatively
summarizes existing evidence about the global inci-
dence and prevalence of PTB in patients with T2DM
from a large number of studies. The findings of our
study shed light on the impact of T2DM in the

development of PTB, and can be further used for per-
forming cost-effectiveness analysis and cost-utility ana-
lysis of screening programmes for PTB among
T2DM patients.

Conclusions

Taken together, our findings provide a theoretical
basis for the necessity of PTB screening in T2DM
patients and implementation of effective prevention
programs to mitigate the dual burden of PTB-T2DM
co-morbidity, particularly in countries with a high TB
burden. The mechanism by which T2DM increases the
risk of PTB at the individual and population levels are
complex and still needs to be further clarified.
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