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ABSTRACT
A systematic review (Prospero CRD42017075562) including articles published between
1 January 1990 and 31 October 2021 was performed to synthesize evidence on the effect of
integrating tuberculosis (TB) and diabetes mellitus (DM) healthcare on screening coverage and
treatment loss to follow-up as compared to non-integrated care services for TB and DM in low-
to middle-income countries (LMICs). Searches were performed in PubMed, Web of Science,
WHO Global Index Medicus, and Cochrane Central Library. This review followed Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and we
adopted Cochrane data collection form for Randomized Controlled Trials (RCTs) and non-
RCTs. Due to heterogeneity and limited data of studies included, meta-analysis was not
performed. Of 6902 abstracts, 10 studies from South America, Asia, and Africa were included.
One study from Zimbabwe showed 57% increase in DM screening among TB patients in
integrated care as compared to non-integrated care; 95% Cl: 54.1, 59.8. Seven studies with
before-after comparison groups reported increased screening coverage during implementa-
tion of integrated healthcare that ranged from 10.1% in Mexico to 99.1% in China. Three
studies reported reduction in loss to follow-up among TB patients in integrated care; two in
China showed 9.2%, 95% Cl: —16.7, -1.7, and —9.5%, 95% Cl: —18.4, —0.7 differences, while
a study from Mexico showed —5.3% reduction, 95% Cl: —9.8, -0.9.

With few and heterogenous included studies, the synthesized evidence is weak to establish
effect of TB/DM integrated care. Therefore, further robust studies such as randomized clinical
trials and well-designed observational studies are needed.
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Introduction

estimated that 15% of TB cases are attributed to DM [9]
worldwide, and more than 1 million TB and DM comor-
bid cases are estimated globally [2,10,11]. Evidence
shows that poorly controlled DM impairs TB treatment
response with increased risk of poor TB treatment out-
comes and TB-related mortality [12,13]. According to

With the global increase of non-communicable dis-
eases (NCDs) prevalence, many low- to middle-
income countries (LMICs) are facing a double bur-
den of both communicable diseases and non-
communicable diseases (NCDs) [1,2]. For instance,
global diabetes mellitus (DM) prevalence was esti-

mated 9.3% (463 million people) in 2019, and the
prevalence is expected to reach 10.9% (700 million
people) by 2045 [3]. The World Health Organization
(WHO) reported that approximately 1.5 million
deaths in 2012 were directly caused by DM globally,
while an estimated 2.2 million deaths were attribu-
ted to high blood glucose [4]. Global prevalence of
DM is expected to increase particularly rapidly in
LMICs, where 80% of the global disease burden
occurs [2,5,6].

Studies have found that the risk of developing
active tuberculosis (TB) is 2-3 times higher in persons
with DM (PWDs) than in persons without DM [7,8]. It is

systematic reviews that have been previously per-
formed [14,15], prevalence of DM among TB patients
was 9.0%, 95% Cl: 6.0, 12.0 in Sub-Saharan Africa (SSA),
while global DM prevalence among TB patients was
15.3%, 95% Cl: 2.5, 36.1; I? = 99.8%. However, global TB
prevalence among PWDs is estimated at 4.7%, 95% Cl:
3.6, 5.8, with prevalence in Africa estimated at 5.13%,
95% Cl: 4.34, 5.92 [16]. An observational study that was
conducted in India found that 13% of TB patients were
living with DM, while a survey that was conducted in
Uganda found that 2.3% of the TB patients were living
with DM [17,18]. The observed association between TB
and DM has led to an effort in LMICs to start
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implementing integrated healthcare programs, as
encouraged by WHO, The International Union against
Tuberculosis and Lung Diseases (IUATLD), and The
International Diabetes Federation (IDF) [19,20].
Systematic reviews and clinical trials have shown con-
sistent evidence of the association between TB and
DM, and the impact of the rapidly increasing preva-
lence of DM on the management of TB control pro-
grams [7,21-26]. Several systematic reviews that have
been conducted, and synthesized evidence highlights
the strength of association between DM and TB and its
effect on the efforts in fighting TB and DM, especially in
LMICs [12,27]. Further reviews have been performed to
synthesize the evidence on effects of increasing NCDs
on service delivery models and healthcare systems in
primary healthcare settings [28], especially in tropical
countries where bidirectional screening and integrated
management approaches are highly recommended
[21,29-31]. Since many LMICs are facing, among
others, financial and governance challenges in their
respective health sectors, several studies aim to under-
stand the impacts of NCDs on the weak health systems
in LMICs [32-34]. However, none of the currently avail-
able systematic reviews like those listed in Table 1 have
assessed the evidence on the effects of DM and TB
integration on utilization of healthcare services and
treatment outcomes for TB and DM in LMICs with
a focus on bidirectional screening and treatment loss
to follow-up. The information on the effects of DM and
TB integrated healthcare, however, is important when
prioritizing programmatic interventions in LMICs,
where the vulnerability of healthcare systems may
mean that a surplus of new programmatic measures
may endanger the running of well-established and
rather strong vertical programmes such as Malaria,
TB, and HIV and AIDS control programs. Therefore, in
this systematic review, we aimed to assess available
evidence on how integrated healthcare for TB and DM
affects utilization of services and treatment outcomes
for both TB and DM among TB patients and PWDs in
integrated healthcare settings as compared to non-
integrated healthcare settings in LMICs. We have
defined integrated healthcare, explained target popu-
lation, setting, and specific outcomes assessed in the
sections on eligibility criteria and objectives,
respectively.

Review objectives

This systematic review was conducted to synthesize
evidence of effects of programmatic TB and DM inte-
grated healthcare on bidirectional screening and treat-
ment loss to follow-up of both TB patients and PWDs in
LMICs by comparing studies with TB/DM integrated
healthcare to settings without integration of DM and
TB in LMICs. We specifically extracted data and synthe-
sized evidence on screening proportions in both TB
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patients and PWDs, and treatment loss to follow-up
among TB patients and PWDs. Our secondary aims
were to assess the impact on cure rate among TB
patients and blood glucose control among PWDs in
LMICs.

Methods

The systematic review was performed by following the
reporting guidelines of Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) and the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for reporting systematic
reviews and meta-analyses of studies that evaluate
healthcare interventions [35,36]. This review was regis-
tered in 2017 with Prospero ID: CRD42017075562. We
described ranges of effects of studies comparing
changes in screening coverage, treatment loss to fol-
low-up, and cure rate among PWDs and TB patients
after implementation of integrated healthcare
measures.

Eligibility criteria

We targeted studies in which integration of TB and DM
care interventions enable participants to access ser-
vices under one consultation or at one delivery point
during a visit or TB /DM integrated screening and joint
case management in LMICs, or both. In this review, the
following definition of integration of healthcare was
adopted; “a variety of managerial or operational
changes to health systems to bring together inputs,
delivery, management and organisation of particular
service functions” [37]. These integrated care services
aim to improve the service in relation to efficiency and
quality, thereby maximizing use of resources and
opportunities for patients to access care for more
health conditions. In integrated care, a patient receives
a complete care for two or more health problems or
diseases at one service point [37,38]. Furthermore, we
considered integration at the service delivery level as
different kinds of DM and TB services, or operational
programs or activities joined together to ensure and
perhaps maximize collective outcomes for both PWDs
and TB patients. The comparators in the review were
non-integrated healthcare interventions or vertical
delivery of services for TB and DM services where
services users, for instance, make separate appoint-
ments or attend separate clinic days or where there is
no TB/DM integrated screening and joint case man-
agement, or both. Only studies that were done in
LMICs were included, and specifically studies that
assessed the effects on screening coverage and treat-
ment loss to follow-up. According to WHO [16], cover-
age was defined as” the proportion of people with
a need for health services who actually receive such
services within a given time, while TB treatment loss to
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follow-up is defined as a TB patient who did not start
treatment or whose treatment was interrupted for two
consecutive months or more.” The reference list of
LMICs was adopted from World bank website [39]. In
addition to integration status and location, we tar-
geted studies that were focusing on people aged
>15 years, and only English publications were
included.

Information sources and search strategy

As shown in Table 2, we searched PubMed, Web of
Science (WoS), WHO Global Index Medicus (WHO-GIM),
and Cochrane Central Library (CCL). Studies published
in the English language between 1 January 1990 and
31 October 2021 were considered for inclusion. The
searches were initially performed by combining the
search terms; “Diabetes” OR “Diabetes Melitus” AND
“Tuberculosis” AND “Integrated care,” into the selected
databases; however, in final searches performed on
31 October 2021, additional search terms; “joint” and
“combine,” related terms to integrated care were
included. We searched for both Randomized Control
Trials (RCTs) and Observational studies that compared
DM and TB integrated care to DM and TB non-
integrated care in LMICs. The applied search strategy
was adopted from Tegegne (2017) et al. [40], and
details of the search strategies and the key words
that we entered to find the suitable articles are
shown in Table 2.

Data extraction

In this review, we adopted PRSIMA guidelines and
the Cochrane data collection form for RCTs and
non-RCTs [41,42] to conform to the standards and
information required for reporting a systematic
review. We used EndNote X8.2 to screen the identi-
fied studies, and both screening and extraction
were conducted by two independent researchers
(JN and AB) in parallel, while the other two senior
researchers (BL and DW) were involved to solve any
discrepancies. The researchers used a standardized
extraction scheme where information on study out-
comes were extracted. Furthermore, heterogeneity
and risks of bias assessment were checked for com-
patibility and quality of included studies.
Heterogeneity was physically assessed as the stu-
dies were more diverse in many aspects, such as
those of the study participants, study period, com-
parison groups, designs, and setting. On risk of bias
assessment for observational studies, we focused on
confounding, selection of participants, interventions
and deviation from intended interventions, missing
data, measurement of outcome, and reporting of
results, while blinding and randomization were
additional domains that were included for RCTs.
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Data analysis

Data were summarized to describe effects of inte-
grated healthcare on the predefined outcomes;
screening coverage and treatment loss to follow-up
in both PWDs and TB patients. Studies that were
included reported on screening coverage or treatment
outcomes of TB or DM patients either as a before to
after comparison or compared to a standard program
setting. We performed descriptive statistics to describe
proportions and risk differences (RD) reported in stu-
dies that reported changes in screening coverage and
treatment loss to follow-up among PWDs and TB
patients after measures of TB and DM program inte-
gration. Furthermore, we described cure rate and
blood glucose controls as additional outcomes that
were assessed. The included studies demonstrated sig-
nificant clinical as well as methodological diversities in
terms of designs, risks of bias, and methods [43].
Therefore, we neither perform random effects nor
fixed-effects meta-analyses for change in screening
coverage and treatment loss to follow-up because of
heterogeneity and limited number of studies included.

Results

Abstract screening and overview of full texts
included in the review

As shown in Figure 1 and in Table 3, 6902 abstracts
were retrieved, and 10 papers were included in this
systematic review. Nine included studies [18-20,44-49]
were observational studies, while one was a RCT [50].
Of the 10 studies included in the review, one was
conducted in Mexico, three in China, two were con-
ducted in India, one in Indonesia, one in Zimbabwe,
one in Angola, and one in Uganda. In eight included
studies, screening was performed to assess the propor-
tion of either TB in DM cases or DM among TB cases.
Only a study from Indonesia was a RCT [50]. In the
included studies, effects of TB and DM integrated
healthcare on screening coverage, treatment loss to
follow-up, blood glucose control, and cure rate were
investigated in comparison to either historical data or
standard treatment cohorts or control groups [44,46].
However, in most included studies, baseline data for
comparison was lacking.

Description of studies assessing bidirectional
screening

As shown in Table 4, eight studies assessed bidirec-
tional screening. Increase of screening for TB in DM
patients ranged from 10.1% to 50.3%, and for DM in TB
patients of 23.7% to 99.1%. However, seven of the
eight studies had no baseline data for comparison;
only a study in Zimbabwe had baseline data for com-
parison [46]. The information extracted from this study
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$913qeIP, YO [SPIRld |1V],59319q8Ip, YO [SPIR!4 [IV].SNH|IdW sa12qelp, YO ([SPIRH [IV].ShulIawW, ANV [SPIRH [1V1,5213GeIP,) O [SWia] HS3W],SnH||9W s313qelp, YO [SPIRH (Iv].s9139eIp,)

(qurof) Ny (([4a314]ysibul) ANY (sison21aqn3) ANV (s3312qeIp)) :ydJeas

([spieid |1v],6uiuiquod, YO [Spiald |1v],s2uIquiod, YO [SPIRI [IY].pauIquiod, HO [SPIRH [Iv],2uiquiod,
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(uiquiod) ANV (([4a314]us|bul) ANV (SISO[n24aqn1) ANY (s313qeIp)) :YdJeas
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40 [spIaH4 1IV].s31e1633u1, HO [SpIaid |1v],3ueibaiul, YO [SpIRH [IV].s[edbaiul, O [spiaid IIV1.Alle1633u1, HO [SPIRH (IV].1e4631ul, YO [SPIRI 1IY].21qeiBa3ul, YO [SpIRld 1IV].Aujiqesbaiul,)

ANY [26enbueT],ysiibuz, aNy ([SPIR! (IV].S sison21agny, YO [SPIRt4 [1V],S1s0In21agni, YO [SPIRH [1¥],S1S0|n21aqni, YO [SWIaL HSIW],SIsoIndIagni, YO [SpIRl |1v],s1soiniagni,) ANY

([sp1214 11Y].5332qeIp, YO [SPIRH [1V1,52199eIp, YO [SPIR!4 [1¥],21398IP, YO [SPIRH |Iv],snpidisul s31aqelp, YO ([SPIaid 1IY].snpidisul, ANV [SPIRI [1V1,5933GRIP,) YO [Swid L HS3W],snpidisul
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09% (e1e1633u1) NY (([4e314]ysiBu3) ANY (SIso|niaqnl) NY (s2313GeIP)) :(LZ0Z/0L/LE) Y2Jeas parepdn

[swia]
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Figure 1. Flow diagram detailing screening of abstracts and full texts for the inclusion and exclusion of the studies into the review.

showed that screening coverage in TB patients for DM
increased from 24% to 81%; 95% Cl: 54.1, 59.8, com-
pared to a non-integrated healthcare settings [46].
Bidirectional screening coverages and treatment
loss to follow-up and cure rate among TB and DM
patients were assessed in the Mexican study [44]. In
this study, no baseline data was reported to calcu-
late an effect on bidirectional screening, while the
effect of joint management was analyzed by com-
paring with a parallel group that was not exposed
to joint management as well as a historical group.
In this review, we included the results from the
parallel group and not the historical comparator,
since parallel groups are less biased as compared
to a historical comparison [51]. The study was con-
ducted in 15 primary care units in five states in
Mexico, where the researchers evaluated the feasi-
bility and effectiveness of collaborative framework
for the care and control of TB and DM. The study
recruited both TB and DM patients aged =20 years
of age who attended the clinics during the study
period. Data were collected from July 2012 to
April 2013. Data from this study showed that 361/
885 (40.8%) TB patients were screened for DM and
783/7763 (10.1%) PWDs were screened for TB [44].

Another prospective observational implementation
study in China [19] assessed feasibility and effects of
screening patients with TB for DM in six health facilities
within routine health services. Data from this study
showed that 7947/8023 (99.1%) of TB patients were
screened for DM by either random blood glucose (RBG)
or fasting blood glucose (FBG), and like in the study
from Mexico, no baseline data for comparison on
screening coverage in this study was reported.
Furthermore, sites in this study were purposely
selected based on geographical locations, prevalence
of TB, and urban-rural mix. All persons aged =15 years
who were diagnosed with TB from 1 September 2011
up to 31 March 2012 were included, and trained health
workers collected the data that were reported quar-
terly [19].

We found two studies that were conducted in India.
The first study [52] was a prospective observational
study; using a pre- and post-design; however, no base-
line data for comparison was reported. The study
aimed at assessing feasibility and effects of bidirec-
tional screening among TB and DM patients within
the routine healthcare setting between February and
September 2012 in TB and DM centers in Bangalore in
India. In this study, patients aged =15 years were
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recruited, and 247/307 (80.1%) TB patients were
screened for DM, while 2072/4118 (50.3%) PWDs
were screened for TB during the study period, respec-
tively. Another prospective observational implementa-
tion study from India with two versions as noted by
different contents, digital object identifiers (DOI), and
published pages [47,53] describes the effects of inte-
gration on screening coverage for both TB patients
and PWDs. The study was conducted to assess feasi-
bility and effects of screening patients with TB for DM
within the routine healthcare setting in eight tertiary
care hospitals and more than 60 peripheral units across
India. The study was conducted from January 2012 to
September 2012. In this study, patients aged =15 years
were included, and 8269 TB patients and 31,146 PWDs
were recruited, of which 682 (8.3%) TB patients and
180 (0.6%) PWDs were known cases. During the study
period, screening for DM was performed in 7467
(98.4%) of the TB patients, and 13,961 (45.1%) of
PWDs were screened for TB [53].

Three studies were conducted in Africa. One
study from Zimbabwe was conducted from April
to October in 2017 to determine feasibility and
yield of DM screening among TB patients. This
study reported screening coverage of TB patients
for DM by using both RBG and FBG screening
tests. This study included 1617 TB patients aged
>15 years from clinics within the city of Harare,
where 24% of the study population were expected
to be unaware of DM status as stated in the study
[46]. Considering 24% as baseline data, the study
showed that screening coverage in TB patients for
DM increased from 24% to 81, RD: 57.0; 95% Cl:
54.1, 59.8, compared to non-integrated healthcare
setting. Further details showed that screening cov-
erage using RBG was increasing gradually from 36%
in the first quarter (April-June 2016) to 89% in fifth
quarter (April-June 2017) [46]. Another study with
no baseline data was conducted between
January 2015 and December 2016 in Angola to
assess the effects of integrating screening of DM
and Hypertension in TB program in 6 TB centers in
the city of Luanda. Newly diagnosed TB patients
aged =15 years who attended the selected centers
were screened for DM using FBG. In this study,
5890/7144 (82.4%) TB patients were screened for
DM. A third study in Africa was conducted in
Uganda from April 2016 to December 2017 to per-
form DM screening services among TB patients in
a routine setting with limited resources. TB patients
aged =15 years were recruited and screened for DM
by trained health workers. During the implementa-
tion period, 4016/4564 (88.0%) of TB patients were
screened for DM [18]. Like the Angolan study, there
was no baseline data for comparison to establish
the effect of integrated care.

Studies reporting on both screening coverage and
treatment loss to follow-up

Three studies, one from Mexico and two from China,
reported on effects of integrated care on both screen-
ing coverage and treatment loss to follow-up among
TB patients [44,45,49]. In one study that was conducted
in China from January to December 2013, three coun-
ties in Shandong province were examined to assess
feasibility and effects of identifying TB cases by inte-
grating TB screening into routine health examinations
for the elderly people (aged =60 years) in rural areas,
and 65.6% (93,094/141,931) elderly people were
screened [45]. Although, the study lacked baseline
data for comparison to quantify the effect of inte-
grated community services on screening coverage,
the analysis on the final diagnosis included loss to
follow-up between different categories of the partici-
pants. It was reported that patients with DM and TB
symptoms were less likely to miss a final diagnosis in
comparison to participants with only an abnormal
chest X-ray (31.3% (79/252 patients) versus 40.6%
(153/377 patients); RD: 9.2%; 95% Cl: 1.7%, 6.7%). In
another study from China by Ma Y et al. [49], the
authors reported 4/42 (9.5%) loss to follow-up in TB/
DM patients who were not on joint metformin treat-
ment versus none in patients who were on joint met-
formin treatment. Furthermore, this study reported
21% difference in cured TB/DM patients in metformin
joint treatment group as compared to non-metformin
group.

In a study performed in Mexico, treatment loss to
follow-up was reduced from 7.5% (17/228) in the non-
integrating parallel group to 2.1% (2/95) in the inte-
grated healthcare arm (RD: —5.3%, 95% Cl: -9.8, -0.9).
When compared with a historical non-joint manage-
ment group where treatment loss to follow-up was
16.7% (22/132), the effect of integration was more
pronounced (RD: —14.6%, 95% Cl: -21.5, -7.6). In the
same study, we extended to extract data on cure rate.
The results showed that cure rate among TB patients
was 56.1% (128/228) in the non-joint management
group and 85.3% (81/95) in the joint management
arm (RD: 29.1%, 95% Cl: 19.5%, 38.7%) [44]. Finally,
a randomized controlled trials that were performed in
Indonesia reported 28.3% difference in cured TB/DM
patients in an integrated care than patients in tradi-
tional usual care setting [50]. Adult patients with mean
age 53.0 years were included in this RCT.

Risk of bias assessment

By applying a Cochrane Risk of Bias Assessment
Tool for non-randomized studies of intervention
(ROBINS-I) [54,55], confounding, selection, perfor-
mance related to classification of interventions,



deviation from intended interventions, missing
data, measurement of outcomes, and reporting
biases were assessed in the nine selected observa-
tional studies [18-20,44-48]. The assessments
focused on Pre-intervention, Intervention, and
Post-Intervention phases in each included study.
While for the assessment of risk of bias for the
RCTs, we focused on randomization, blinding,
deviations from intended intervention, missing
data, measurement of the outcome, and selection
of the reported domains. After completing the
ROBINS-I and RoB tables in Microsoft Excel, the
data were imported into the Risk of Bias
Visualization tool [54] to display the assessment
results, as shown both in Figures 2 and 3.

On the assessments of the outcome and screening
of cases and controls or exposed and non-exposed, or
both, we suspected misclassification biases at the
inclusion of the participants since patients were
included or excluded through screenings using rapid
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tests especially in DM screening. For instance, in most
of the studies, random blood samples were collected
on visit, and followed by fasting blood samples, the
following day [18-20,44-48] and decisions were based
on a range such as =6.1 mmol/I, which could be biased
or be confounded by what participants had eaten
before the diagnosis. Therefore, we suspected that
inconsistencies in the assessments of screening results
when recruiting participants could have been
occurring.

The included studies did not seem to deviate from
the intended interventions; however, most of them
had inadequate information on the baseline data for
comparison and few reported on the feasibility assess-
ments [44,46], even though the objectives included
feasibility assessment. Comparators for most studies
were lacking such that, in most papers, national data
or available known cases of either TB or DM patients
did constitute baseline data and therefore could not be
used for comparison. Since the studies used national
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: Bias in selection of the reported result.

Overall risk-of-bias judgement in Non-randomised Studies

1 Low The study is comparable to a well-performed randomized trial.

2 Moderate The study provides sound evidence for a non-randomized study but cannot be considered
comparable to a well performed randomized trial.

3 Serious The study has some important problems. The study is judged to be at serious risk of bias in
at least one domain, but not at critical risk of bias in any domain.

4 Critical The study is too problematic to provide any useful evidence and should not be included in

any synthesis.

5 No Information No information on which to base a judgement about risk of bias. There is no clear
indication that the study is at serious or critical risk of bias and there is a lack of

information in one or more key domains of bias.

Figure 2. Risk of bias assessment for observational studies included in the review.
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Risk of bias domains
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The study is judged to be at high risk of bias in at least one domain for this result, or the

study is judged to have some concerns for multiple domains in a way that substantially

lowers confidence in the result.

Figure 3. Risk of assessment of the randomized control trial included.

data or available known cases, or both, as background
data for these studies, this situation might have con-
tributed to high risk of missing data in the studies.
Furthermore, most studies claimed that feasibility was
assessed, but it was not clear how the feasibility assess-
ments were performed, suggesting high risk of bias on
selection and on reported outcomes. Nonetheless, we
anticipated presentation of robustness of results
including further analyses like regression analysis of
the observed effects of integration within the popula-
tion and between clusters, but most studies only
reported point estimates and or prevalence ratios stra-
tified by sex and other patients’ background
characteristics.

Discussion

Of the 6902 abstracts screened, ten studies, including
nine observational studies and one RCT, were included.
The studies were highly heterogenous and were
assessed at serious risk of biases. The included studies
were from Zimbabwe, Angola, Mexico, India, Uganda,
Indonesia, and China. Eight studies reported on screen-
ing coverage or treatment outcomes of TB or PWDs
either as a before and after comparison, or both; just 1/
8 (12.5%) assessed the effects on screening coverage
compared to a standard program setting in parallel
which is a better comparison in implementation stu-
dies [51].

Among the included studies, there were varying
settings and characteristics of participants, also
methodologies and cutoff levels in screening for
DM were not uniform. As a result of no baseline
data for comparison, clinical as well as methodolo-
gical diversities in terms of designs, risks of bias and
methods, and limited number of studies included,

statistical heterogeneity could not be assessed [43].
In this review, therefore, we did not perform meta-
analyses for change in screening coverage and
treatment outcomes because included studies were
highly heterogenous. As such, we used descriptive
statistics to evaluate each study that was included.
However, the significant but rather weak evidence
that we found in our review agrees with the results
of the study on assessment of operationalization of
bidirectional screening in Pakistan and that of the
bidirectional screening evaluative study among TB
and DM patients that was performed in India
[56,57]1, where only 4.7% of the pre-diabetes and
diabetes cases were screened for TB in Pakistan,
and in India, 24% of TB patients were screened for
DM. Furthermore, a study by Jerene et al. (2017)
suggests that integrated screening facilitated the
increase in yield of new TB and DM patients in
either groups [58].

As reported in other studies, the observed low
screening coverages, among others, were attributed
to shortage of human resources, lack of testing materi-
als (especially those for screening of DM among TB
patients in the TB clinic); and these health systems
challenges affected recording and reporting of cases
especially with the sites seeing large numbers of
patients [44,53]. Nevertheless, the study in China was
successfully implemented within the routine system
without a special budget for the implementation of
this activity [19], suggesting that local considerations
are important when deciding when to integrate and
what package to actually include in TB and DM inte-
grated healthcare services.

From our findings, the evidence suggests that treat-
ment loss to follow-up may be reduced by the integra-
tion of TB and DM healthcare services as shown by the
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two studies from China and one study from Mexico in
Table 4. The effects of integrated care on treatment
loss to follow-up was moderate but significant and
ranged from 5.3% to 9.5% [44,45,49].

Additional findings suggest that cure rates may
increase in integrated settings and glucose control
can be improved in joint treatments [44,45]. We
observed a significant variability in effects across
the included studies, which may, in part, be attrib-
uted to the heterogeneity between the studies and
design issues. For instance, a study that was con-
ducted in Mexico recruited hospital based patients
of ages >15 years [44], whereas one study in China
recruited community-based elderly people with risk
factors for DM and TB aged =60 to over
80 years [45].

The age variations among participants and back-
ground residual confounding variables related to
social-economic status between countries might
have contributed to variability in the results, since
socio-economic conditions are very important fac-
tors in determining participants adherence and
compliance to treatment in healthcare. For instance,
in another study that was conducted in Kyrgyzstan,
the researchers found that TB and DM comorbid
patients were exposed to more additional payments
for healthcare services than patients within only TB
disease [59], and such findings could also explain
effects of social-economic factors related to access
to care and utilization of services in LMICs. In addi-
tion to challenges faced in implementing integrated
healthcare, studies have also shown that TB/DM
bidirectional screening results in yielding more
comorbid patients than in general populations in
LMICs [60-62].

In addition to weak evidence on treatment loss to
follow-up and screening coverage, our findings also
show weak evidence to conclude that integrated TB
and DM healthcare services delivery has a significant
positive effect on cure rate among TB patients and
blood glucose control among PWDs. However, research
has shown that good glycemic control and cure rate
may improve when TB and DM comorbid patients
receive simultaneous treatment [50,63,64], but regard-
less of the few and unrobust studies that have been
found in LMICs; WHO and IUATLD still encourage and
recommend integrated healthcare of PWDs in TB
patients to reduce the risk of recurrent TB and improve
blood glucose control, respectively [65,66].

Study limitations

In this review, the searches were only limited to
online and freely accessible databases; PubMed,
Web of Science (WoS), WHO Global Index Medicus
(WHO-GIM) and Cochrane Central Library (CCL).

Due to limited time and lack of funding, it was
not feasible to perform searches in non-free data-
bases such as EMBASE and Global Health, and also
collection of unpublished documents from interna-
tional non-governmental organisations (NGOs) and
governments in LMICs was not possible.
Additionally, restricting to only English publica-
tions was a limitation. Furthermore, we believe
that other important studies might have been
missed since we only used the three work terms;
“integrated,” “joined,” and “combined” when
searching for the relevant studies. It can happen
that, in other countries, researchers might have
used other related but not same terms in the
studies conducted in TB and DM integrated health-
care services. With the limitations outlined herein,
we believe that more studies may have been found
in high income settings, other non-English speak-
ing LMICs, and potentially identified in other data-
bases or gray literature.

Conclusion

With few, heterogeneous and more observational
studies mostly with a before-after comparison on
the effect of implementing DM/TB integrated
healthcare, and serious risks of bias assessments in
the included studies, the synthesized evidence is
weak to support the effect of TB and DM integrated
care on screening coverage and treatment loss to
follow-up. Nevertheless, the findings still suggested
that TB/DM integrated care could have an impact
on bidirectional screening and treatment loss to
follow-up in both TB patients and people with DM.
Therefore, decisions on local programs to integrate
TB and DM healthcare services should be weighing
the currently rather weak evidence, the barriers
faced in the local context as well as existing health-
care guidelines for both diseases. Finally, we would
recommend that further controlled implementation
studies on utilization of TB and DM healthcare ser-
vices, bidirectional screening coverage and treat-
ment loss to follow-up after implementation of
integration of DM and TB healthcare be performed
in LMICs.
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