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Diabetes mellitus affects the treatment
outcomes of drug-resistant tuberculosis:
a systematic review and meta-analysis

Guisheng Xu'%', Xiaojiang Hu', Yanshu Lian® and Xiuting Li'

Abstract

Background Both tuberculosis (TB) and diabetes mellitus (DM) are major public health problems threatening global
health. TB patients with DM have a higher bacterial burden and affect the absorption and metabolism for anti-TB
drugs. Drug-resistant TB (DR-TB) with DM make control TB more difficult.

Methods This study was completed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guideline. We searched PubMed, Excerpta Medica Database (EMBASE), Web of Science,
ScienceDirect and Cochrance Library for literature published in English until July 2022. Papers were limited to those
reporting the association between DM and treatment outcomes among DR-TB and multidrug-resistant TB (MDR-TB)
patients. The strength of association was presented as odds ratios (ORs) and their 95% confidence intervals (Cls) using
the fixed-effects or random-effects models. This study was registered with PROSPERO, number CRD: 42,022,350,214.

Results A total of twenty-five studies involving 16,905 DR-TB participants were included in the meta-analysis, of
which 10,124 (59.89%) participants were MDR-TB patients, and 1,952 (11.54%) had DM history. In DR-TB patients,
the pooled OR was 1.56 (95% Cl: 1.24-1.96) for unsuccessful outcomes, 0.64 (95% Cl: 0.44-0.94) for cured treatment
outcomes, 0.63 (95% Cl: 0.46-0.86) for completed treatment outcomes, and 1.28 (95% Cl: 1.03-1.58) for treatment
failure. Among MDR-TB patients, the pooled OR was 1.57 (95% Cl: 1.20-2.04) for unsuccessful treatment outcomes,
0.55 (95% Cl: 0.35-0.87) for cured treatment outcomes, 0.66 (95% Cl: 0.46-0.93) for treatment completed treatment
outcomes and 1.37 (95% Cl: 1.08-1.75) for treatment failure.

Conclusion DM is a risk factor for adverse outcomes of DR-TB or MDR-TB patients. Controlling hyperglycemia may
contribute to the favorite prognosis of TB. Our findings support the importance for diagnosing DM in DR-TB /MDR-TB,
and it is needed to control glucose and therapeutic monitoring during the treatment of DR-TB /MDR-TB patients.
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Introduction

Tuberculosis (TB) is a major public health issue that
threatens global health, which caused 1.3 million
deaths in 2020. The burden of TB is further aggravated
by the growing prevalence of acquired immunodefi-
ciency syndrome (AIDS), diabetes mellitus (DM) and
kidney disease [1-3], as they may contribute to the TB
risk and affect treatment outcomes [4—6]. With the
changes in people’s lifestyles, the global burden of DM
is continuously increasing. It is estimated that 693 mil-
lion people worldwide will suffer from DM by 2045 [7].
The epidemic of DM will further aggravate the burden
of TB, especially in low- and middle-income countries,
DM and impaired glucose regulation were risk factors
for TB in South Africa, which ORs were 2.4 (95% CI:
1.3-4.3) and 2.3(95% CI: 1.6-3.3), TB-DM patients
also had higher odds of death(OR=2.86,95%CI:1.08—
7.62) in Italy [8, 9].

Multidrug-resistant TB (MDR-TB) is at least resis-
tant to isoniazid and rifampicin, which may result
from primary infection and treatment. MDR-TB is
a serious threat for global TB control, and there are
about 500,000 new cases of MDR-TB in each year all
around the word [10]. According to the World Health
Organization (WHO) estimated, there were 157,903
multidrug -resistant (MDR) TB cases reported in
2020, nearly 69% of cases were not diagnosed and
treated in time [11]. Drug-resistant TB (DR-TB) and
MDR-TB make controlling TB more challenging [12].
Patients afflicted with both DR-TB and DM will face
worse treatment outcomes [13, 14], Some studies had
shown that DM patients have a large bacterial load,
which results in longer time to culture conversion and
lengthen treatment. DM also can affect the absorp-
tion and metabolism for anti-TB drugs [15]. However,
there were few systematic analyses to clarify and quan-
tify the association between DM and DR/MDR-TB
outcomes. Given the increasing burden of TB among
people with DM, we performed a meta-analysis to sys-
tematically assess the association between DM and the
treatment outcomes of DR/MDR-TB.

Materials and methods

Search strategy and study selection

We completed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) guideline
for this study. This systematic review has been registered
with the International Prospective Register of System-
atic Reviews (PROSPERO) (https://www.crd.york.ac.uk/
prospero/ ID=CRD42022350214; registration number:
CRD42022350214). We conducted a systematic search
of the electronic database, including PubMed, Excerpta
Medica Database (EMBASE), Web of Science, Science-
Direct and Cochrance Library by July 2022. We used the
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following search terms: (“Tuberculosis” or “Tuberculo-
sis’s” or “Multidrug” or “Drug-resistant tuberculosis” or
“Drug resistant tuberculosis” or “Multidrug-resistant
tuberculosis” or “Multidrug resistant tuberculosis”) AND
(“Diabetes mellitus” or “Diabetes insipidus” or “Diabe-
tes” or “Mellitus” ) AND (“Treatment(s) outcome(s)”or
“Treatment(s)”or “Outcome(s)”). The EndNote X9.0 soft-
ware was used to manage records, screen, and exclude
duplicates.

The inclusion criteria were as follows: (1) The study
was designed as a cohort, case-control or cross-sec-
tional study;(2)We did not set any specific exclu-
sion criteria for the type of diabetes in DR/MDR-TB
patients; (3) TB cases could provide whether there was
a history of DM; (4) TB cases were diagnosed as DR/
MDR-TB; (5) Treatment outcomes of TB cases were
recorded, and the exclusion criteria were as follows:
(1) No DM patients were involved in the treatment; (2)
Only TB treatment outcomes; (3) Reviews/meta-analy-
sis; (4) Treatment outcomes information only included
sputum culture and/or smear; (5) Did not have enough
outcomes to extract the value; (6) Other reasons for
exclusion.

Data extraction

Two reviewers extracted data independently and subse-
quently met to resolve discrepancies. In case of continued
disagreement, a third reviewer made the final disposi-
tion. We extracted data on demographic characteristics,
study design, location of the population, number of par-
ticipants in each study, drug-resistant type, type of DM,
score of quality assessment, adjusted odds ratio (OR) and
relevant covariates (Table 1).

Treatment outcomes definitions

Treatment outcomes were divided into six categories,
namely cured, treatment completed, treatment failed,
death, lost to follow-up, and not evaluated. Cured and
completed treatment were considered successful, and the
rest were deemed unsuccessful in accordance with the
WHO guidelines [16] (Table 2).

Quality assessment

The quality of the included studies was evaluated using
a modified version of the Newcastle-Ottawa Scale for
cohort and case-control studies [17]. Studies were clas-
sified as having low (=7 stars), moderate (5-6 stars),
and high risk of bias (<4 stars) with an overall quality
score of 9 stars [18] (Table 1). For cross-sectional stud-
ies, we assigned each item of the AHRQ checklist a score
of 1 (answered “yes”) or 0 (answered “no” or “unclear”).
The high, moderate, and low risk of bias were identified
as having a score of 0-3, 4-7, and 8-11, respectively
(Table 1).


https://www.crd.york.ac.uk/prospero/
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Table 1 (continued)

Odds ratio
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type quality
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Table 2 Definitions of treatment outcomes for drug-resistant
tuberculosis patients [16]
Treatment outcome  Definition

Cured Treatment completed as recommended by
the national policy without evidence of failure
AND three or more consecutive cultures taken
at least 30 days apart are negative after the
intensive phase.®

Treatment completed  Treatment completed as recommended by the
national policy without
evidence of failure BUT no record that three or
more consecutive cultures
taken at least 30 days apart are negative after
the intensive phase.®

Treatment terminated or need for permanent
regimen change of at least two anti-TB drugs
because of:

~Lack of conversion® by the end of the inten-
sive phase®, or

-Bacteriological reversion in the continuation
phase after conversion to negative, or
-Evidence of additional acquired resistance
to fluoroquinolones or second-line injectable
drugs, or

-Adverse drug reactions (ADRs).

Died A patient who dies for any reason during the
course of treatment.

Treatment failed

Lost to follow-up A patient whose treatment was interrupted for
2 consecutive months or

more.

Not evaluated A patient for whom no treatment outcome is
assigned. (This includes cases
“transferred out”to another treatment unit and

whose treatment outcome is unknown)
The sum of cured and treatment completed.

2 For Treatment failed, lack of conversion by the end of the intensive phase
implies that the patient does not convert within the maximum duration of
intensive phase applied by the programme. If no maximumduration is defined,
an 8-month cut-off is proposed. For regimens without a clear distinction
between intensive and continuation phases, a cut-off 8 months after the start
of treatment is suggested to determine when the criteria for Cured, Treatment
completed and Treatment failed start to apply

Treatment success

b The terms “conversion” and “reversion” of culture as used here are defined
as follows:Conversion (to negative): culture is considered to have converted to
negative when two consecutive cultures, taken at least 30 days apart, are found
to be negative. In such a case, the specimen collection date of the first negative
culture is used as the date of conversion

Reversion (to positive): culture is considered to have reverted to positive when,
after an initial conversion, two consecutive cultures, taken at least 30 days
apart, are found to be positive. For the purpose of defining Treatment failed,
reversion is considered only when it occurs in the continuation phase

Statistical analysis

Data was extracted using the Excel 2019 software,
and further analyzed by Stata/sel7.0. Heterogene-
ity between studies was assessed using the I? statistic
described by Higgins et al [19]. The pooled effects
were estimated with fixed or random effect models:
1’<50% and P>0.10 representing insignificant het-
erogeneity, using fixed-effects models; 1>>50% and
P<0.10 representing significant heterogeneity, using
random-effects models [20].
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The pooled effects of DM on DR/MDR-TB treatment
outcomes were described by forests plots, quantified by
OR (besides case-control studies, cross-sectional studies
and cohort studies were also estimated by OR) and the
corresponding 95% confidence interval (CI). P<0.05 was
considered as statistically significant. The publication
bias was assessed through funnel plot and Egger’s test.
All analyses were performed using the STATA 17.0 soft-
ware (Texas, USA).

Results

Study selection and characteristics

We searched 9,918 papers by titles, abstracts and key-
words and then excluded 9,416 papers without TB
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treatment outcomes. Among 502 articles under full-
text reading, 477 articles were excluded for lacking
targeted data or imperfect data (Fig. 1). Finally, we
involved twenty-five eligible studies in the meta-anal-
ysis (Table 1) [13, 14, 21-43], including nine cohort
studies, fourteen case-control studies and two cross-
sectional studies. These studies were published from
2005 to 2022. Eleven studies were identified as having
a low risk of bias, and fourteen studies had moderate
risk of bias (Table 1). Twenty studies were conducted
in Asian populations, four were in Europe popula-
tions, three were in African populations, and one was
in American populations. The total sample size of
subjects was 16,905 DR-TB patients, of which 10,124

SR
5 Records identified Records identified ﬁligzgf :;]i::)lt:’f;ed Records identified ﬁ]:(c:l“:ls (liiecl;:rl;—:ge
% through PubMed through Embase . through Coug
. . Science . : Library
§ searching searching(n=5530) searching(n=5224) ScienceDirect hine(n=251
5 (n=5172) el searching(n=730) searching(n )
°
—
Records after duplicates removed
(n=9918)
o
c
=
()
e
]
Records screened Records excluded after
~0018) —»] reading titles and abstracts
(n= (n=9416)
—
485 articles excluded
3 Full-text articles assessed for eligibility - No DM patients were involved
; = in the treatment (n=
: (n=502) " intt (n=314)
-Only TB treatment outcomes
(n=122)
-Reviews/meta-analysis (n=14)
Studies included in qualitative -Treatment outcomes
3 synthesis (n=25) information only included
% Unsuccessful outcomes (n=23) sputum culture and/or smear
c
Death (n=10) (@=12)
_ -No enough outcomes to extract
Cured (n=6)
Completed (n=6) the value (n=4)
Failure (n=7) -Others (n=11)

Fig. 1 Flowchart of the study selection
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Table 3 Pooled effects odds ratio (95% confidence interval), Heterogeneity test and Egger’s test for publication bias

DR-TB MDR-TB
Treatment Odds ratio 12 P-value for Z-value P-value Odds ratio 12 P-value for Z-value P-value
outcomes (95% CI) (%) Heterogeneity for for (95% ClI) (%) Heterogeneity for for
Egger's Egger’s Egger's Egger’s
test test test test
Unsuccessful 1.56(1.24,1.96) 629 <0.001 1.35 0.086 1.57(1.20,2.04) 626 <0.001 091 0.365
outcomes
Death 1.32(0.97,1.82) 533 0.029 042 0.929 1.33(0.85,2.07) 59.2 0016 0.25 0.940
Cured 0.64(0.44,0.94) 75.7 0.001 -1.69 0.062 0.55(0.35,0.87) 66.5 0.018 -0.98 0.263
outcomes
Treatment 0.63(0.46,0.86) O 0.660 0.98 0.221 0.66(0.46,0.93) 0O 0.559 1.36 0.192
completed
outcomes
Treatment 1.28(1.03,1.58) 22.7 0256 1.05 0.263 1.37(1.08,1.75) 19.7 0284 0.94 0275
failed outcomes
A B
Study %
Study %
D OR(95%Cl)  Weight o OR (95% CI) Weight
July Mary Johnson(2022) —1—.— 155 (0.58, 4.13) 3.35 Li shi(2021) —— 147(054,403) 400
Daniel Bekele Ketema(2019) B 4.07 (1.47,11.24) 3.19 Khasan Safaev(2021) e 2.40(0.94,6.11) 434
A.Latif(2018) == 1.14(0.94,1.38) 8.43 Subhakar Kandi(2021) —— 071(033,153) 529
Ay 02y B L™ b Eg'z- 2"1’13)) - AKJanmeja2018) ——— 2200,54) 477
)asan Safaev( Tt X .94, 6. X —1 &
Subhakar Kandi(2021) — 0.71(033,153) 4.43 Tt Malmood20%6) " e -
RKUSHTSEE018) | 232(0.99, 545) 394 Mufioz-Torrico(2017) —_— 176(071,436) 448
Tarig Mahmood(2018) — 1.81(0.53,6.17) 2.46 Baodong Vuan{2017) .. 70,502 681
Mufioz-Torrico(2017) o o 1.76 (0.71,4.36) 3.67 Mohsen A. Gadallah(2015) s 2.35(1.13,4.85) 554
Baodong Yuan(2017) e 2.92(1.70,6.02) 593 N Kwek (2015) . 022(001,386) 077
Mohsen A. Gadallah(2015) —;-*— 235(1.13,4.85) 4.66 J. Peter Cegielsk(2015) — 064(0.40,1.01) 740
'J“-:Wﬁkc(z"’f:«zms) T g'gi Eg-z;- ?'2?; g'?j Matthew J. Magee(2014) = 103(064,165 731
. Peter egiels| =1 a .40, 1.1 X
Matthew J. Magee(2014) = 0 1.03(0.64,1.65) 6.44 Young e Kano (2019 | 1.zl - ese
Young Ae Kang (2013) 1| 159(1.19,212) 7.84 Ma Tarcela Gler(2013) = 098(061,156) 737
Ma Tarcela Gler(2013) —.— 0.98 (0.61, 1.56) 6.51 L F Anderson(2013) T 512(1.38,19.02) 284
L F Anderson(2013) [ 5.12(1.38, 19.02) 2.23 Shenjie Tang(2013) e 347(193,625) 648
Shenjie Tang(2013) | —— 3.47(1.93,6.25) 559 Ekaterina V Kurbalova(2012) —— 121(072,203) 7.0
Ekaterina V.Kurbatova(2012) — 1.21(0.72,2.03) 6.12 Medea Gegia(2012) B 094 (0.47,1.89) 573
Medea Gegia(2012) =L 0.94 (0.47,1.89) 4.85 D.5.Je0n(2008) ,j 146004053 286
D.5:Jeon(2008) — = 1:46/(0.40,5.38)) 226 T Yoshiyama(2005) A E— 480(1.32,1749) 289
T Yoshiyama(2005) +—— 4.80(1.32, 17.49) 2.28 |
Vaira Leimane(2005) e 240 (0.56, 10.39) 1.89 Vaira Leimane(2005) . 240(056,1039) 242
Overall (I-squared = 62.9%, p = 0.000) <S> 1.56 (1.24, 1.96) 100.00 Overall (I-squared = 62.6%, p = 0.000) Q 157(120,204) 10000
NOTE: Weights are from random effects analysis 1 NOTE: Weights are from random effects analysis i
T T T T
0122 1 818 0122 1 818

Fig. 2 Forest plots for the association of diabetes mellitus with unsuccessful treatment outcomes for DR-TB (A) and MDR-TB (B)

(59.89%) participants were MDR and 1,952 (11.54%)
had DM (DM+).

Unsuccessful treatment outcomes

Twenty-three studies analyzed the risk of DM on
unsuccessful treatment outcomes in patients with
DR-TB and twenty studies analyzed the risk of DM
on unsuccessful treatment outcomes in patients with
MDR-TB. DM patients were more likely to have unsuc-
cessful treatment outcomes in DR-TB (OR=1.56, 95%
CI: 1.24-1.96) (Table 3; Fig. 2A) and MDR -TB patients
(OR=1.57, 95% CI: 1.20-2.04) (Table 3; Fig. 2B). Sen-
sitivity analysis showed that four studies contributed
the main heterogeneity [21, 27, 32, 35], which might
be attributed to the inclusion of extensively drug-resis-
tant (XDR-TB) [32, 35]. Figure 3 A and Fig. 3B illus-
trated the funnel plots of involved studies for DR- TB
and MDR-TB patients with DM. We did not find the

evidence for publication bias in DR-TB treatment out-
comes (P=0.086) and MDR-TB treatment outcomes
(P=0.365) by Egger’s test (Table 3).

Death

We further compared the risk of death for DR/MDR-
TB patients with and without DM. The random-effects
model was used to estimate the pooled effects, as there
was a significant heterogeneity for DR-TB studies
(I’=53.3%, P=0.029) and MDR-TB studies (I*=59.2%,
P=0.016) (Table 3). The pooled OR was 1.32 (95% CL:
0.97-1.82) and 1.33 (95% CI: 0.85-2.07), respectively
(Table 3; Fig. 4A and B). There was no evidence for pub-
lication bias by Egger’s test (P=0.929 in DR-TB; P=0.940
in MDR-TB) (Table 3).
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Zero

Cured

DR/MDR-TB patients without DM were more likely
to be cured (DR-TB: OR=0.64, 95% CI: 0.44-0.94
(Table 3; Fig. 5A); MDR-TB: OR=0.55, 95% CI: 0.35—
0.87) (Table 3; Fig. 5B). The random-effects model was
used as there was significant heterogeneity (DR-TB:
1=75.7%, P=0.001; MDR-TB: 1°=66.5%, P=0.018).
The Egger’s test suggested that there was no pub-
lication bias (P=0.062 in DR-TB and P=0.263 in
MDR-TB).

Treatment completed

DR/MDR-TB patients without DM were more likely to
complete treatment (DR-TB: OR=0.63, 95% CI: 0.46—
0.86 (Table 3; Fig. 6A); MDR-TB: OR=0.66, 95% CIL
0.46-0.93) (Table 3; Fig. 6B). There was no evidence for
heterogeneity (DR-TB: 1>=0.00%, P=0.660; MDR-TB:
12=0.00%, P=0.559). There was no evidence for publica-
tion bias by Egger’s test (P=0.221 in DR-TB and P=0.192
in MDR-TB).
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Treatment failure

DR/MDR-TB patients with DM were more likely to
have treatment failed outcomes (DR-TB: OR=1.28, 95%
CL 1.03-1.58 (Table 3; Fig. 7A); MDR-TB: OR=1.37,
95% CI: 1.08-1.75) (Table 3; Fig. 7B). There was no evi-
dence for heterogeneity (DR-TB: 1*=22.7%, P=0.256;
MDR-TB: 2’=19.7%, P=0.284). There was no publication
bias by Egger’s test (P=0.263 in DR-TB and P=0.275 in
MDR-TB).

Discussion

This study systematically reviewed the impact of DM on
the treatment outcomes of DR/MDR-TB patients. We
demonstrated the negative effect of DM on the prognosis
of TB, which was consistent with the findings by Meghan
and Sanju et al. [44, 45]. In this kinds topic research, pre-
vious systematic review and meta-analysis were focused
on the treatment outcomes of TB and MDR-TB with
DM, such as Huangfu and Tegegne et al. on treatment
outcomes of TB and MDR-TB [9, 46]. Our study included
treatment outcomes for both DR and MDR-TB patients
with DM.
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Fig. 7 Forest plots for the association of diabetes mellitus with failed treatment outcomes for DR-TB (A) and MDR-TB (B)

The prevalence of DM in TB patients was 11.54% (95%
Cl: 11.06-11.93) in this study, which was lower than the
global level (15.4%, 95% Cl: 14.1-16.6), and marginally
higher as compared to the prevalence in Africa (9%, 95%
Cl: 6.0-12.0) and China(7.8%, 95%CI:1.6—30.5)in Asian
[47-49]. This result was most likely due to a higher pro-
portion (88.0%) of African and Asian countries in our
studies. The reason for this result is the difference of
income in different countries and regions, for example,
the study of Maier W al. show regional income plays a
significant part in the explanation of diabetes prevalence
[50].

DM can induce abnormalities in innate and adaptive
immune responses, increasing the risk of the activation,
complication, and outcomes of TB [51]. TB patients with
DM have a rapidly progressive infection and a higher
bacterial burden [52]. Coincident DM modulates Thl-,
Th2-, and Th17-cell responses in latent TB in an IL-10-
and TGF-B-dependent manner [53]. TB patients with
DM had an increased risk of death and late culture trans-
formation [54, 55].

The possible hypothesis of delay in the time of clear-
ance and treatment failure of TB among DM patients is
related to higher bacterial burden at diagnosis, which
could be related to slower kinetics in the immune
response in DM patients and altered pharmacoki-
netics of anti-TB drugs [55-58]. A pharmacokinetic
study noted that plasma levels of rifampicin were 53%
lower in TB patients with DM [59]. Depressed produc-
tion of IFN-y in DM patients is related to a decreased
immune response to TB infection. The reduced IL-12
response to mycobacterial stimulation in leukocytes
from TB with DM suggests a compromise of the innate
immune response [60]. Roger et al. showed that TB
patients with prediabetes or DM were more likely to

have unsuccessful treatment outcomes in Peru, with an
OR of 6.1 (95% Cl: 1.9-19.6) [61]. Siti et al. reported
that TB patients with DM were three times more likely
to have an unsuccessful treatment outcome than those
without DM in Kelantan state, Malaysia [62]. MDR-
TB is a type of TB, Therefore, the effect of glycemic
control on treatment outcomes in TB patients with
DM can also be applied to MDR-TB patients. Blood
glucose control had a positive effect on the treatment
outcome of TB patients with DM, An Indian study
reported 30% fewer unsuccessful treatment outcomes
(aOR=0.72, 95% CI: 0.64—0.81) and 2.8 times higher
odds of ‘no recurrence’ (aOR=2.83, 95% CI: 2.60—
2.92) among patients with optimal glycemic control at
baseline [63]. Magee M] et al. from Lima, Peru found
reported faster culture conversion among those with
glycemic control(aHR=2.2,95% CI:1.1,4) [64]. There
are some limitations to this study, Firstly, most of the
included studies were from developing countries Asia
and Africa and none were randomized controlled tri-
als (RCT), which may have biased our research results.
There were many factors that affected the severity
of tuberculosis such as income level, temperature,
and presence of other comorbidities. However, we
found that a lot of relevant information could not be
extracted in the original study, which may affect the
generalization of finding.

In conclusion, DM is a risk factor for adverse out-
comes in DR-TB or MDR-TB patients. Controlling
hyperglycemia may contribute to a favorite progno-
sis of TB. Given the increasing burden of TB among
people with DM, especially in areas with highly preva-
lent TB. It is needed to control glucose and therapeutic
monitoring during the treatment of DR-TB /MDR-TB
patients.



Xu et al. BMC Infectious Diseases (2023) 23:813

Abbreviations

B tuberculosis

DM diabetes mellitus

DR-TB Drug-resistant tuberculosis

MDR-TB Multidrug-resistant tuberculosis

EMBASE Excerpta Medica Database

ORs odds ratios

Cls confidence intervals

AIDS acquired immunodeficiency syndrome

WHO The World Health Organization

PRISMA Preferred Reporting Items for Systematic Review and
Meta-Analyses

PROSPERO  Prospective Register of Systematic Reviews

AHRQ Healthcare Research and Quality

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512879-023-08765-0.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Not applicable.

Authors’ contributions

Guisheng Xu and Xiaojiang Hu conceived the study, participated in literature
search and review, data extraction, study design and coordination, performed

the statistical analysis, and helped draft the manuscript. Yanshu Lian and
Xiuting Li contributed to collect and analyze the data. All authors read and
approved the final manuscript.

Funding
This work was supported by Scientific Research Project of Jiangsu Health

Vocational College-General Project (JKC201940), Jiangsu University Philosophy

and Social Science Research Project-General Project (2020SJA0844) and
Scientific Research Project of Jiangsu Provincial Health Commission
(£2019009).

Data availability

The datasets used and/or analysed during the current study are available from

the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This is not applicable as human subjects are not involved

Consent to publish
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 November 2022 / Accepted: 29 October 2023
Published online: 20 November 2023

References

1. Collaborators GBDT. Global, regional, and national sex differences in the
global burden of Tuberculosis by HIV status, 1990-2019: results from the
global burden of Disease Study 2019. Lancet Infect Dis. 2022,22(2):222-41.

2. Yoo JE, Kim D, Han K, Rhee SY, Shin DW, Lee H. Diabetes Status and Associa-

tion with risk of Tuberculosis among Korean adults. JAMA Netw Open.
2021;4(9):€2126099.

20.

21.

22.

23.

Page 11 of 13

Cheng KC, Liao KF, Lin CL, Liu CS, Lai SW. Chronic Kidney Disease correlates
with increased risk of pulmonary Tuberculosis before initiating renal replace-
ment therapy: a cohort study in Taiwan. Med (Baltim). 2018,97(39):e12550.
Lakoh S, Jiba DF, Adekanmbi O, Poveda E, Sahr F, Deen GF, Foray LM, Gashau
W, Hoffmann CJ, Salata RA, et al. Diagnosis and treatment outcomes of adult
Tuberculosis in an urban setting with high HIV prevalence in Sierra Leone: a
retrospective study. Int J Infect Dis. 2020,96:112-8.

Kornfeld H, Sahukar SB, Procter-Gray E, Kumar NP, West K, Kane K, Natarajan
M, Li W, Babu S, Viswanathan V. Impact of Diabetes and low body Mass Index
on Tuberculosis Treatment outcomes. Clin Infect Dis. 2020;71(9):e392-8.

lgari H, Imasawa T, Noguchi N, Nagayoshi M, Mizuno S, Ishikawa S, Kadomura
M, Nishimura M, Yamagishi F. Advanced stage of chronic Kidney Disease is
risk of poor treatment outcome for smear-positive pulmonary Tuberculosis. J
Infect Chemother. 2015;21(8):559-63.

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW, Malanda B. IDF Diabetes Atlas: global estimates of Diabetes prevalence
for 2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271-81.
OniT, Berkowitz N, Kubjane M, Goliath R, Levitt NS, Wilkinson RJ. Trilateral
overlap of Tuberculosis, Diabetes and HIV-1 in a high-burden African setting:
implications for TB control. Eur Respir J 2017, 50(1).

Huangfu P, Ugarte-Gil C, Golub J, Pearson F, Critchley J. The effects of Diabe-
tes on Tuberculosis treatment outcomes: an updated systematic review and
meta-analysis. Int J Tuberc Lung Dis. 2019,23(7):783-96.

Rao Muvva J, Ahmed S, Rekha RS, Kalsum S, Groenheit R, Schon T, Agerberth
B, Bergman P, Brighenti S. Immunomodulatory agents Combat Multidrug-
resistant Tuberculosis by improving Antimicrobial immunity. J Infect Dis.
2021;224(2):332-44.

WHO. Global. tuberculosis report 2021 [https://www.who.int/teams/
global-tuberculosis-programme/datal.

Merker M, Nikolaevskaya E, Kohl TA, Molina-Moya B, Pavlovska O, Brannberg
P, Dudnyk A, Stokich V, Barilar |, Marynova |, et al. Multidrug- and extensively
drug-resistant Mycobacterium tuberculosis Beijing Clades, Ukraine, 2015.
Emerg Infect Dis. 2020;26(3):481-90.

Ketema DB, Muchie KF, Andargie AA. Time to poor treatment outcome and
its predictors among drug-resistant Tuberculosis patients on second-line
anti-tuberculosis treatment in Amhara region, Ethiopia: retrospective cohort
study. BMC Public Health. 2019;19(1):1481.

Shil, Gao J, Gao M, Deng P, Chen S, He M, Feng W, Yang X, Huang Y, He F, et
al. Interim effectiveness and safety comparison of Bedaquiline-containing
regimens for treatment of Diabetic Versus non-diabetic MDR/XDR-TB
patients in China: a Multicenter Retrospective Cohort Study. Infect Dis Ther.
2021;10(1):457-70.

Latif A, Ghafoor A, Wali A, Fatima R, Ul-Haq M, Yagoob A, Abdullah Z, Najmi H,
Khan NM. Did Diabetes Mellitus affect treatment outcome in drug-resistant
Tuberculosis patients in Pakistan from 2010 to 20147 Public Health Action.
2018;2220-8372 Print:14-9.

WHO. Companion handbook to the WHO guidelines for the programmatic
management of drug-resistant Tuberculosis. World Health Organization;
2014,

Wells G. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Non-
Randomised Studies in Meta-Analyses. In: Symposium on Systematic Reviews:
Beyond the Basics: 2014; 2014.

ZhuH, Zheng H, XuT, Liu X, Liu X, Sun L, Pan XF, Mai W, Cai X, Huang Y. Effects
of statins in primary and secondary prevention for venous thromboembo-
lism events: a meta analysis. Vascul Pharmacol. 2022;142:106931.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327(7414):557-60.

Qiu BA-O, LiuQ, Li Z, Song H, Xu D, Ji, Jiang Y, Tian D, Wang JA-OX. Evalua-
tion of cytokines as a biomarker to distinguish active Tuberculosis from latent
Tuberculosis Infection: a diagnostic meta-analysis. BMJ Open. 2020;10:10.
Johnson JM, Mohapatra AK, Velladath SU, Shettigar KS. Predictors of treat-
ment outcomes in drug resistant tuberculosis-observational retrospective
study. Int J Mycobacteriol. 2022;11(1):38-46.

Safaev K, Parpieva N, Liverko |, Yuldashev S, Dumchev K, Gadoev J, Korotych
O, Harries AD. Trends, characteristics and treatment outcomes of patients
with drug-resistant Tuberculosis in Uzbekistan: 2013-2018. Int J Environ Res
Public Health 2021, 18(9).

Kandi S, KTK, Kandi SR, Mathur N, Adepu DCD. Study of treatment outcomes
of multidrug-resistant Tuberculosis under programmatic conditions and
factors influencing the outcomes in Hyderabad District. Indian J Tuberc.
2021,68(3):379-83.


https://doi.org/10.1186/s12879-023-08765-0
https://doi.org/10.1186/s12879-023-08765-0
https://www.who.int/teams/global-tuberculosis-programme/data
https://www.who.int/teams/global-tuberculosis-programme/data

Xu et al. BMC Infectious Diseases

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

(2023) 23:813

Wang JJ, Zhou ML, Chen C, Wu G, Zuo YP, Ren X, Chen Z, Wang WH.

Survival time and influencing factors in multidrug-resistant Tuberculo-

sis patients in Wuhan, 2006-2014. Zhonghua Liu Xing Bing Xue Za Zhi.
2019;40(11):1409-13.

Mahmood T, Verma AK, Ahmad K, Satpathy S, Akmal A, Gutpa AK. Impact of
Diabetes Mellitus on Treatment Outcome of Multidrug Resistant Pulmonary
Tuberculosis. J Evol Med Dent Sci. 2018;7(22):2674-7.

Janmeja AK, Aggarwal D, Dhillon R. Factors predicting treatment success

in multi-drug resistant Tuberculosis patients treated under programmatic
conditions. Indian J Tuberc. 2018;65(2):135-9.

Latif A, Ghafoor A, Wali A, Fatima R, Ul-Haq M, Yagoob A, Abdullah Z, Najmi H,
Khan NM. Did Diabetes Mellitus affect treatment outcome in drug-resistant
Tuberculosis patients in Pakistan from 2010 to 20147 Public Health Action.
2018:8(1):14-9.

Munoz-Torrico M, Caminero Luna J, Migliori GB, D’Ambrosio LD, Carrillo-Aldu-
enda JL, Villareal-Velarde H, Torres-Cruz A, Flores-Ergara H, Martinez-Mendoza
D, Garcia-Sancho C et al. Comparison of bacteriological conversion and
treatment outcomes among MDR-TB patients with and without diabetes in
Mexico: Preliminary data. Rev Port Pneumol (2006) 2017, 23(1):27-30.
Baodong Yuan JD, Xing Lan M, Zhou J, Wang W, Wang. Effect of type 2
Diabetes Mellitus on sputum negative conversion and treatment effects of
multi-drug-resistant Tuberculosis. Biomed Res. 2017;28(9):3917-22.

Gadallah MA, Mokhtar A, Rady M, E-Moghazy E, Fawzy M, Kandil SK. Prognos-
tic factors of treatment among patients with multidrug-resistant Tuberculosis
in Egypt. J Formos Med Assoc. 2016;115(11):997-1003.

Kwak N, Kim HR, Yoo CG, Kim YW, Han SK, Yim JJ. Changes in treatment
outcomes of multidrug-resistant Tuberculosis. Int J Tuberc Lung Dis.
2015;19(5):525-30.

Cegielski JP, Kurbatova E, van der Walt M, Brand J, Ershova J, Tupasi T, Caoili
JC, Dalton T, Contreras C, Yagui M, et al. Multidrug-resistant Tuberculosis
treatment outcomes in relation to treatment and initial Versus Acquired
Second-Line Drug Resistance. Clin Infect Dis. 2016;62(4):418-30.

Magee MJ, Kempker RR, Kipiani M, Tukvadze N, Howards PP, Narayan KM,
Blumberg HM. Diabetes Mellitus, smoking status, and rate of sputum culture
conversion in patients with multidrug-resistant Tuberculosis: a cohort study
from the country of Georgia. PLoS ONE. 2014;9(4):e94890.

Kang YA, Kim SY, Jo KW, Kim HJ, Park SK, Kim TH, Kim EK, Lee KM, Lee SS, Park
JS, et al. Impact of Diabetes on treatment outcomes and long-term survival
in multidrug-resistant Tuberculosis. Respiration. 2013;86(6):472-8.

Tang S, Tan S, Yao L, Li F, Li L, Guo X, Liu Y, Hao X, Li Y, Ding X, et al. Risk factors
for poor treatment outcomes in patients with MDR-TB and XDR-TB in China:
retrospective multi-center investigation. PLoS ONE. 2013;8(12):e82943.
Kurbatova EV, Taylor A, Gammino VM, Bayona J, Becerra M, Danilovitz M,
Falzon D, Gelmanova |, Keshavjee S, Leimane V, et al. Predictors of poor
outcomes among patients treated for multidrug-resistant Tuberculosis at
DOTS-plus projects. Tuberculosis (Edinb). 2012;92(5):397-403.

Gler MT, Guilatco R, Caoili JC, Ershova J, Cegielski P, Johnson JL. Weight gain
and response to treatment for multidrug-resistant Tuberculosis. Am J Trop
Med Hyg. 2013;89(5):943-9.

Anderson LF, Tamne S, Watson JP, Cohen T, Mitnick C, Brown T, Drobniewski
F, Abubakar I. Treatment outcome of multi-drug resistant tuberculosis in the
United Kingdom: retrospective-prospective cohort study from 2004 to 2007.
Euro Surveill 2013, 18(40).

Gegia M, Kalandadze |, Kempker RR, Magee MJ, Blumberg HM. Adjunctive
Surgery improves treatment outcomes among patients with multidrug-
resistant and extensively drug-resistant Tuberculosis. Int J Infect Dis.
2012;16(5):€391-396.

Bendayan D, Hendler A, Polansky V, Weinberger M. Outcome of hospital-
ized MDR-TB patients: Israel 2000-2005. Eur J Clin Microbiol Infect Dis.
2011,30(3):375-9.

Jeon DS, Kim DH, Kang HS, Hwang SH, Min JH, Kim JH, Sung NM, Carroll
MW, Park SK. Survival and predictors of outcomes in non-HIV-infected
patients with extensively drug-resistant Tuberculosis. Int J Tuberc Lung Dis.
2009;13(5):594-600.

Leimane V, Riekstina V, Holtz TH, Zarovska E, Skripconoka V, Thorpe LE, Laser-
son KF, Wells CD. Clinical outcome of individualised treatment of multidrug-
resistant Tuberculosis in Latvia: a retrospective cohort study. Lancet.
2005,365(9456):318-26.

Yoshiyama T, Ogata H, Wada M. Treatment results of multi drug resistant
Tuberculosis, a hospital based study]. Kekkaku. 2005;80(11):687-93.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 12 of 13

Baker MA, Harries AD, Jeon CY, Hart JE, Kapur A, Lonnroth K, Ottmani SE,
Goonesekera SD, Murray MB. The impact of Diabetes on Tuberculosis treat-
ment outcomes: a systematic review. BMC Med. 2011;9:81.

Gautam S, Shrestha N, Mahato S, Nguyen TPA, Mishra SR, Berg-Beckhoff

G. Diabetes among Tuberculosis patients and its impact on Tuberculosis
treatment in South Asia: a systematic review and meta-analysis. Sci Rep.
2021;11(1):2113.

Tegegne BS, Mengesha MM, Teferra AA, Awoke MA, Habtewold TD.
Association between Diabetes Mellitus and multi-drug-resistant Tubercu-
losis: evidence from a systematic review and meta-analysis. Syst Reviews
2018(2046-4053 (Electronic)).

Noubiap JJ, Nansseu JR, Nyaga UF, Nkeck JR, Endomba FT, Kaze AD, Agbor VN,
Bigna JJ. Global prevalence of Diabetes in active Tuberculosis: a systematic
review and meta-analysis of data from 2.3 million patients with Tuberculosis.
Lancet Glob Health. 2019;7(4):e448-60.

Alebel A, Wondemagegn AT, Tesema C, Kibret GD, Wagnew F, Petrucka P,
Arora A, Ayele AD, Alemayehu M, Eshetie S. Prevalence of Diabetes Mellitus
among Tuberculosis patients in Sub-saharan Africa: a systematic review and
meta-analysis of observational studies. BMC Infect Dis. 2019;19(1):254.

Du Q Wang L, Long Q, Zhao Y, Abdullah AS. Systematic review and meta-
analysis: prevalence of Diabetes among patients with Tuberculosis in China.
Trop Med Int Health. 2021,26(12):1553-9.

Maier W, Holle R, Hunger M, Peters A, Meisinger C, Greiser KH, Kluttig A,
Volzke H, Schipf S, Moebus S, et al. The impact of regional deprivation and
individual socio-economic status on the prevalence of type 2 Diabetes in
Germany. A pooled analysis of five population-based studies. Diabet Med.
2013;30(3):e78-86.

Ayelign B, Negash M, Genetu M, Wondmagegn T, Shibabaw T. Immunological
Impacts of Diabetes on the Susceptibility of Mycobacterium tuberculosis. J
Immunol Res 2019, 2019:6196532.

Podell BK, Ackart DF, Obregon-Henao A, Eck SP, Henao-Tamayo M, Richardson
M, Orme IM, Ordway DJ, Basaraba RJ. Increased severity of Tuberculosis

in Guinea pigs with type 2 Diabetes: a model of diabetes-tuberculosis comor-
bidity. Am J Pathol. 2014;184(4):1104-18.

Kumar NP, Moideen K, George PJ, Dolla C, Kumaran P, Babu S. Coincident
Diabetes Mellitus modulates Th1-, Th2-, and Th17-cell responses in latent
Tuberculosis in an IL-10- and TGF-beta-dependent manner. Eur J Immunol.
2016;46(2):390-9.

Kelly E, Dooley TT, Jonathan E, Golub SE, Dorman. Wendy Cronin: impact of
Diabetes Mellitus on treatment out- comes of patients with active Tuberculo-
sis. Am J Trop Med Hyg. 2009;80(4):634-9.

Heysell SK, Moore JL, Staley D, Dodge D, Houpt ER. Early therapeutic drug
monitoring for Isoniazid and Rifampin among diabetics with newly diag-
nosed Tuberculosis in Virginia, USA. Tuberc Res Treat. 2013;2013:129723.

Syed Suleiman SA, Ishag Aweis DM, Mohamed AJ, Razakmuttalif A, Moussa
MA. Role of Diabetes in the prognosis and therapeutic outcome of Tubercu-
losis. Int J Endocrinol. 2012;2012:645362.

Restrepo BI, Smith JBMB, Jeon S, Rahbar MH, Fisher-Hoch SP. Mycobacterial
clearance from sputum is delayed during the first phase of treatment in
patients with Diabetes. Am J Trop Med Hyg. 2008,79(4):541-4.

Alisjahbana B, Sahiratmadja E, Nelwan EJ, Purwa AM, Ahmad Y, Ottenhoff
TH, Nelwan RH, Parwati |, van der Meer JW, van Crevel R. The effect of type 2
Diabetes Mellitus on the presentation and treatment response of pulmonary
Tuberculosis. Clin Infect Dis. 2007;45(4):428-35.

Pasipanodya JG, Srivastava S, Gumbo T. Meta-analysis of clinical studies sup-
ports the pharmacokinetic variability hypothesis for acquired drug resistance
and failure of antituberculosis therapy. Clin Infect Dis. 2012,55(2):169-77.
Chang JT, Dou HY, Yen CL, Wu YH, Huang RM, Lin HJ, Su IJ, Shieh CC. Effect of
type 2 Diabetes Mellitus on the clinical severity and treatment outcome in
patients with pulmonary Tuberculosis: a potential role in the emergence of
multidrug-resistance. J Formos Med Assoc. 2011;110(6):372-81.

Calderon RI, Arriaga MB, Aliaga JG, Barreda NN, Sanabria OM, Barreto-Duarte
B, Franco JPD, Lecca L, Andrade BB, Carvalho ACC, et al. Persistent dysgly-
cemia is associated with unfavorable treatment outcomes in patients with
pulmonary Tuberculosis from Peru. Int J Infect Dis. 2022;116:293-301.
Ahmad SR, Yaacob NA, Jaeb MZ, Hussin Z, Wan Mohammad WMZ. Effect of
Diabetes Mellitus on Tuberculosis Treatment outcomes among Tuberculosis
patients in Kelantan, Malaysia. Iran J Public Health. 2020,49(8):1485-93.
Mahishale V, Avuthu S, Patil B, Lolly M, Eti A, Khan S. Effect of poor glycemic
control in newly diagnosed patients with smear-positive pulmonary Tubercu-
losis and Type-2 Diabetes Mellitus. Iran J Med Sci. 2017;42(2):144-51.



Xu et al. BMC Infectious Diseases (2023) 23:813 Page 13 of 13

64. Magee MJ, Bloss E, Shin SS, Contreras C, Huaman HA, Ticona JC, Bayona J, Publisher’s N
Bonilla C, Yagui M, Jave O, et al. Clinical characteristics, drug resistance, and ublisher’s Note

treatment outcomes among Tuberculosis patients with Diabetes in Peru. IntJ  oPringer Nature remains neutral with regard to jurisdictional claims in
Infect Dis. 2013;17(6):404-412. published maps and institutional affiliations.



	﻿Diabetes mellitus affects the treatment outcomes of drug-resistant tuberculosis: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Search strategy and study selection
	﻿Data extraction
	﻿Treatment outcomes definitions
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study selection and characteristics
	﻿Unsuccessful treatment outcomes
	﻿Death
	﻿Cured
	﻿Treatment completed
	﻿Treatment failure

	﻿Discussion
	﻿References


