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ABSTRACT

Objectives Co-occurrence of tuberculosis (TB) with
other chronic conditions (TB multimorbidity) increases
complexity of management and adversely affects
health outcomes. We aimed to map the prevalence of
the co-occurrence of one or more chronic conditions
in people with TB and associated health risks by
systematically reviewing previously published
systematic reviews.

Design Systematic review of systematic reviews
(meta-review).

Setting Low-income and middle-income countries
(LMICs).

Papers We searched in Medline, Embase, PsycINFO,
Social Sciences Citation Index, Science Citation Index,
Emerging Sources Citation Index and Conference
Proceedings Citation Index, and the WHO Global Index
Medicus from inception to 23 October 2020, contacted
authors and reviewed reference lists. Pairs of
independent reviewers screened titles, abstracts and
full texts, extracted data and assessed the included
reviews’ quality (AMSTAR2). We included systematic
reviews reporting data for people in LMICs with TB
multimorbidity and synthesised them narratively.

We excluded reviews focused on children or specific
subgroups (eg, incarcerated people).

Primary and secondary outcome

measures Prevalence or risk of TB multimorbidity
(primary); any measure of burden of disease
(secondary).

Results From the 7557 search results, 54 were
included, representing >6 296 000 people with TB.
We found that the most prevalent conditions in people
with TB were depression (45.19%, 95% Cl: 38.04%

to 52.55%, 25 studies, 4903 participants, 1°=96.28%,
high quality), HIV (31.81%, 95% Cl: 27.83% to
36.07%, 68 studies, 62 696 participants, 1>=98%, high
quality) and diabetes mellitus (17.7%, 95% Cl: 15.1%
to0 20.0.5%, 48 studies, 48,036 participants, [°=98.3%,
critically low quality).

Conclusions We identified several chronic conditions
that co-occur in a significant proportion of people with
TB. Although limited by varying quality and gaps in the
literature, this first meta-review of TB multimorbidity
highlights the magnitude of additional ill health burden
due to chronic conditions on people with TB.

Prospero registration number CRD42020209012.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= We did an extensive search strategy, including data-
bases of grey literature and protocols.

= We summarised data synthesised at the country, re-
gional (eg, Eastern Sub-Saharan Africa), continental
and global (low-income and middle-income coun-
tries (LMICs)) level as long as the pooled estimate
did not include data from high-income countries.

= Whenever there was an overlap between two re-
views in terms of countries covered, TB comorbid-
ities and reported outcomes, we included the most
complete one only if its quality, as assessed with the
AMSTAR (a meaSurement tool to assess systematic
reviews) 2 tool, was not lower than the other one.

= Although we had initially planned to redo reported
meta-analyses that included studies from high-
income countries without these studies (to have
pooled estimates from LMICs only), this was deemed
unfeasible due to the high number of reviews where
this would have been required.

INTRODUCTION

About 30% adults in developed countries
experience multimorbidity, that is, the co-oc-
currence of two or more chronic conditions
(including  non-communicable  diseases
(NCDs), chronic communicable diseases
(CCDs) and mental disorders) in a single indi-
vidual at one point in time. Multimorbidity is
a growing global concern' and its prevalence
is rising in low-income and middle-income
countries (LMICs),? as CCDs such as tuber-
culosis (TB) and HIV remain major public
health issues,” and NCDs are increasing due
to major demographic shifts, urbanisation,
changing environmental factors, economic
empowerment and accompanying lifestyle
changes."™ This shift away from risks for
CCD in children towards those for NCD in
adults is also reflected in the steady increase
in the burden of disability-adjusted life
years (DALYs) attributed to NCDs over the
past decades,’ reaching 84% in low-income
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countries, and up to 82% in middle-high-income coun-
tries in 2019."

TB is one of the leading causes of mortality from a
single infectious disease globally” and contributes 1.86%
of the total worldwide DALYs and 2.54% of the total
worldwide years of life lost (making it the 12th and 11th
highest contributor, respectively).*'” TB frequently co-oc-
curs with NCDs, including diabetes mellitus (DM, 2.79%
of worldwide DALYs), depression (1.84% of worldwide
DALYs) and cancer (neoplasms representing 9.93% of
worldwide DALYs).*"" Depression'® and DM" have been
reported to be important risk factors for TB. Similarly,
CCDs such as HIV (1.88% of worldwide DALYs) and TB
adversely affect each other at the molecular, cellular, indi-
vidual and population levels.* '*

We defined TB multimorbidity as the co-occurrence
of TB and one or more chronic conditions (NCDs or
CCDs)."” This co-occurrence increases complexity of
management and adversely affects health, economic and
mortality outcomes, threatening the capacity for LMICs
to achieve global public health targets. The cost and
access to healthcare are of particular concern in LMICs,
where the high costs relating to TB multimorbidity may
further burden healthcare systems already under stress,
and given the high out-of-pocket expenditure, it could
lead to great financial burden for patients.

Numerous systematic reviews to date have considered
individual chronic conditions in people with TB (eg,
Huddart et al, Eshetie et al, Ruiz-Grosso et al and Gautam
etal'™). However, no review has synthesised the evidence
on a range of chronic conditions, their prevalence in
people with TB and the burden associated with such co-oc-
currence of conditions. Understanding the overarching
literature on TB multimorbidity is essential to enable
better services to be developed to identify, prevent and
manage this common situation, which presents a signifi-
cant health and financial burden to people with TB and to
health services. Furthermore, differences in TB multimor-
bidity by gender, socio-economic group and country, which
could shed further light on the problem, remain unclear.

The primary aim of this comprehensive meta-review of
systematic reviews was to summarise and map the preva-
lence and risk of chronic conditions (CCD or NCD, alone
or in combination) in people with TB in LMICs compared
with people without TB, and to summarise the associated
health outcomes (eg, TB treatment success and measures
of disease burden) in people with TB multimorbidity,
compared with people with TB only.

Methods

We have followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines® in
reporting this meta-review and its protocol was registered

in the international prospective register of systematic
reviews (PROSPERO, CRD42020209012).

Search strategy
We ran our search strategy in Medline (Ovid), Embase
(Ovid), PsycINFO (Ovid), Social Sciences Citation

Index (Web of Science), Science Citation Index (Web of
Science), Emerging Sources Citation Index and Confer-
ence Proceedings Citation Index (Web of Science) and
the WHO Global Index Medicus from inception to 23
October 2020. To identify unpublished studies, we also
searched PROSPERO and the Open Grey database, and
contacted authors of conference abstracts. Reference lists
of included reviews were hand searched. We did not set
any restrictions on the origin of the paper, date of publi-
cation or language.

We used free text and controlled vocabulary (eg,
Medical Subject Headings [MeSH] terms for Medline)
for terms related to communicable, non-communicable
and mental diseases and combined them with terms for
TB using Boolean operators: (CCD or NCD or mental
disease) AND Tuberculosis. Online supplemental
appendix 1 lists the search terms for Medline and the
full search strategy can be found in online supplemental
appendix 2.

Selection criteria

We included systematic reviews reporting data for people
in LMICs, with any type of TB and one or more additional
chronic conditions. This included, but was not limited to,
heart disease, DM, arthritis, chronic obstructive pulmo-
nary disease, HIV, Hepatitis B (HBV) and Hepatitis C
(HCV), depression and anxiety disorders (as defined by
review authors). As there is no clear and widely used defi-
nition of what constitutes a chronic condition,21 when-
ever there were doubts, four of the authors with clinical/
research expertise (KS, NS, HE and BS) decided by
consensus if a disorder was to be considered as a chronic
condition. Conditions considered side effects of TB medi-
cations, such as nausea or diarrhoea, were not considered
chronic conditions for this review.

After registering the protocol, the following additional
changes were made. First, we decided to limit our popu-
lation of interest to the general TB population, excluding
studies that stated focusing on children. Second, we
decided to exclude studies that focused on specific
subgroups (eg, incarcerated people, healthcare workers,
etc), focussing on populations for which results are more
readily generalisable. Studies in patients with a specific
type of TB (eg, extra-pulmonary TB) were, however,
considered eligible.

Included systematic reviews had to report either pooled
or individual study data for at least one of our primary
or secondary outcomes. Narrative, non-systematic reviews
and systematic reviews focused only on high-income
countries (HICs) were excluded.

Primary outcomes

The coprimary outcomes included prevalence (or inci-
dence) of each chronic condition (or combination of
more than one condition) in people with TB, and odds
ratios (or other comparative statistic) of having a chronic
condition (or combination of conditions) in people with
TB compared with those without TB.
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Secondary outcomes

Secondary outcomes included any measure of disease
burden in people with TB multimorbidity, such as
mortality, loss to follow-up (treatment interrupted for two
consecutive months or more), treatment failure (sputum
smear or culture remained positive at month 5 or later
during treatment), treatment completion (without
evidence of failure, but with no record of being cured),
cured (smearnegative or culture-negative patients in
the last month of treatment and on at least one previous
occasion), successful treatment (patients who were cured
or who completed treatment) or unsuccessful treatment
(patients who were lost to follow-up, had treatment
failure or died).”** Other secondary outcomes of interest
included years of life lived with disability, years of life lost,
DALYs, outcomes related to the additional chronic condi-
tions and any other reported measure of disease burden.

Study selection

Multiple authors (ER, SA, A] and NS) contributed to the
screening and data extraction procedures, with titles and
abstracts of all deduplicated search results screened inde-
pendently by at least two reviewers. The full text of poten-
tially eligible papers was reviewed against our inclusion
and exclusion criteria independently by two reviewers.
Disagreements were resolved by discussion, with a third
reviewer available as an arbitrator if necessary. We used
the online software Rayyan (https://rayyan.ai/) to
manage the study selection process.

Data extraction and quality assessment

Two reviewers used a piloted form (Google Form)
developed for the review to independently extract
data regarding review characteristics, characteristics of
included primary studies and outcome data. If clarifi-
cations were needed, we contacted the corresponding
authors.

The quality of included systematic reviews was assessed
by two reviewers (ER and SA, with discrepancies resolved
by agreement or a third independent assessor, AJ) using
the AMSTAR (A MeaSurement Tool to Assess systematic
Reviews) 2 tool, which classifies the overall confidence in
the results of each review as critically low, low, moderate
or high.24

Data synthesis

The following steps were followed to synthesise the
evidence. First, all included systematic reviews were
described in a summary table. Second, the results
(primary and secondary outcomes) for each combination
of conditions were summarised, including the pooled
estimates, the number of studies, pooled sample size, a
measure of heterogeneity, range of pooled effect sizes
and quality assessment. Third, the results were strati-
fied by age, gender, socioeconomic group, type of TB
and region, where possible. We had initially planned to
extract and pool individual study data for LMICs when
such studies had been pooled together with data from

HICs, or when individual study data were reported but
not pooled in a meta-analysis. However, such an approach
was deemed unfeasible due to the high number of reviews
where this would have been required. In these cases, we
reported the study characteristics and the range of study
effect sizes from LMICs.

Patient and public involvement
We asked patients' representatives for feedback on the
study protocol and they will be involved in the dissem-
ination of our results. Patients or the public were not
involved in the conduct or reporting of our research.
The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

RESULTS

Our search strategy identified 7557 results, of which 2200
were duplicates and were removed. Of the 221 results
remaining after screening titles and abstracts, 130 were
excluded for not meeting eligibility criteria. Online
supplemental appendix table 2 specifies the reasons for
exclusion. The full text corresponding to 34 protocols or
conference abstracts could not be obtained. We contacted
the authors of these references (with a follow-up email 2
weeks later), seven of them replied confirming that no
full article had been published. Three journal articles,
related to coronary heart disease, head and neck TB,
and HBV, could not be assessed in full text despite our
efforts (no institutional access and no response from
authors® "), The full text of one additional study® could
not be obtained, but the pooled relative risk of coronary
heart disease was reported in the abstract and was there-
fore included. Ultimately, 54 studies were included in our
review (figure 1).

Study and participant characteristics

Overall, there were over 6 296 000 people with TB across
the 54 included systematic reviews, covering 85 LMICs
(Appendix 3). Of these, 23 reported a pooled estimate
of interest to our review (S1-S23), while the remainder
reported outcomes of interest for individual studies, but
either did not pool them in a meta-analysis or pooled
them with data from HICs. Among the 23 reviews
reporting pooled outcomes, even when they assessed
the same combination of TB and chronic condition(s),
there was limited overlap between them with regards to
geographical region and/or reported outcomes (online
supplemental appendix table 3). Online supplemental
appendix table 4 details outcome information reported
by each review.

Most of the included systematic reviews reported data
on TB without specifying a particular type of TB (S1-
S4, S7-S10, S14, S16, S17, S20-S46); nine focused on
drugresistant TB (DR-TB) (S6), multidrug-resistant
TB (MDR-TB) (S5, S12, S19, S47-S50) or extensively
drug-resistant TB (XDR-TB) (S12, S47); three focused
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Medline Embase Psycinfo Web of Science Global Index Medicus
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OpenGrey Prospero Reference screening
3 1,341 0
3
Total
7,557

4ﬁ Duplicates removed: 2,200 ‘

’Titles & Abstracts screening: 5,357 ‘

—400nsidered irrelevant: 5,136 ‘

A
‘Full text screening: 221 ‘

Excluded: 130
Wrong publication type: 5
Wrong population: 13
No TB multimorbidity data: 62
No outcome of interest: 12
Wrong study design: 14
No LMIC data: 1

» Duplicate: 8

Protocols of included: 15

No full text: 37
Full text could not be found: 3
Protocols: 26
Conference abstracts: 8

A4

Included: 54 With pooled outcomes:
TB+HIV: 31 TB+HIV: 11
TB+DM: 14 TB+DM: 6
TB+Mental Disorders: 5 TB+Mental Disorders: 4
TB+other: 4 TB+other: 2
Figure 1 Flow diagram of the search results and screening

process. DM, diabetes mellitus; LMICs, low-income and
middle-income countries; TB, tuberculosis.

on pulmonary TB (PTB) (S15, S18, S51), three on TB
meningitis (S13, S52, S53) and one on TB lymphadenitis
(S11). The chronic conditions most often considered
were HIV (31 reviews),(S1, S2, S5-S13, S24-S36, S47—
S50, S52-S54) DM (14 reviews) (S4, S14-S18, S37-S43,
S51) and mental illness (five reviews) (S3, S19-S21, S44).
None of the systematic reviews reported results on the
prevalence and/or associated risks of more than one
additional chronic condition in people with TB. Online
supplemental appendix table 5 lists what conditions were
considered or not a chronic condition for this review.

Most of the identified systematic reviews were assessed
as low or critically low quality according to AMSTAR2
(n=42). Only seven reviews were assessed as moderate
(n=2)(S7, S22) or high (n=5) (S6, S10, S11, S20, S42)
quality, six of which reported a pooled estimate of interest.
The critical domains that failed most often were regarding
risk of bias assessment (37 studies) and protocol registra-
tion (29 studies). Online supplemental appendix table 6
details the AMSTAR?2 assessment for each study.

Summary of results

TB and HIV

Of the 31 reviews reporting data on TB and HIV (>3 017
000 participants from 72 countries) (S1, S2, S5-S13, S24—
S36, S47-S50, S52-S54), 11 focused on specific types of
TB (S5, S6, S11-S13, S47-S50, S52, S53) and 11 reported

at least one pooled outcome of interest (online supple-
mental appendix table 3) (S1, S2, S5-S13).

One review (S9) reported the pooled prevalence for
Latin America (25%, 95% CI: 19.3% to 30.8%, 7 studies,
critically low quality) and Africa (31.2%, 95% CI: 19.3% to
43.2%, 17 studies, critically low quality). Prevalence esti-
mates for subcontinental regions were also reported in
other reviews, ranging from 25% in Western Sub-Saharan
Africa (SSA, high quality) to 44% in Southern SSA (high
quality), as well as for China, Ethiopia and Iran (table 1).

One review (S5) reported a reduced odds of treatment
success (OR: 0.87, 95% CI: 0.79 to 0.96, 6 studies, criti-
cally low quality) in people with TB and HIV compared
with people with only TB, in SSA.

Table 1 also summarises the results of systematic reviews
reporting data for specific types of TB (DR-TB, MDR-TB,
PTB, TB meningitis and TB lymphadenitis).

TB and DM

Of the 14 reviews reporting data on TB and DM (>2 878
000 participants from 48 countries) (S4, S13-S17, S36—
S42, S50), three focused on specific types of TB (S14,
S17, S50) and six reported at least one pooled outcome
of interest (online supplemental appendix table 3) (S4,
S14-S18).

One review (S17) reported the pooled prevalence
separately for low-income countries (7.9%, 95% CI: 4.9%
to 11.5%, 15 studies, 9434 participants, critically low
quality), lower-middle income countries (17.7%, 95%
CI: 15.1% to 20.5%, 48 studies, 48 036 participants, crit-
ically low quality) and upper-middle income countries
(14.4%, 95% CI: 12.8% to 16.0%, 75 studies, 1 994 027
participants, critically low quality). The same review also
reported the prevalence of DM in people with TB in
Africa (8.0%, 95% CI: 5.9% to 10.4%, 119 studies, 474
944 participants, critically low quality, table 2. Pooled
prevalences in other continents were also reported, but
were excluded from our review, as they included data
from HICs. Other reviews reported prevalence estimates
for subcontinental regions, ranging from 9% in SSA (low
quality) (S14) to 21% in South Asia (low quality) (S4)
as well as for multiple individual countries (figure 2,
table 2).

One review (S16) reported an increased odds of
mortality (OR: 1.80, 95% CI: 1.35 to 2.40, 34 studies, low
quality) and treatment failure or death (OR: 1.90, 95%
CI: 1.43 to 2.53, 22 studies, low quality) in people with TB
and DM compared with people with only TB, in LMICs
overall.

Table 2 also summarises the results of systematic reviews
focused on (or reporting data for) specific types of TB
(MDR-TB and PTB).

TB and mental disorders

TB and mental disorders (pooled as a composite outcome)

We found one systematic review considering a composite
outcome for mental disorders (S21), as well as several
other reviews looking at individual mental disorders such
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as depression, anxiety and psychosis. The review (S21)
that reported the effect of mental disorders (defined as

= o O O (] o O (o2l e} . . . . .
5 IR b= 5|5 = b= a composite variable including depression, psycholog-
> N N N N [SYRISY [SRIRSY . . . .
ical distress, Post-traumatic stress disorder [PTSD] or
mental disorder) on unsuccessful treatment (a composite
measure combining some or all of treatment failure,
L x X SRS
) > X J > loss to follow-up and death), loss to follow-up and non-
| % 5 9 o T - o o
e o o [ee} Z o [ 3R

adherence, found no evidence of a significant increase in
the odds of these outcomes in people with TB and mental
disorders, compared with people with only TB (table 3).

TB and depression

Of the four reviews reporting data on TB and depression
(>21 770 participants from 33 countries) (S3, S19, S20,
S44), three (S3, S20, S44) reported at least one pooled
outcome of interest (online supplemental appendix

Number of studies (number of

:g" table 3). One systematic review (S20) of 25 studies
- A 5 F = reported the prevalence of depression in people with
B ZZE 2 23 |2 TB in LMICs as 45.19% (95% CI: 38.04% to 52.55%, 25
= AR & = | 6> =@ studies, 4903 participants, high quality). None of the
included reviews reported this outcome at a continental,

regional or country level (table 3). One systematic review

§ (S3) reported an increased odds of mortality (OR: 2.85,

© ¢ % @ < | 95% CI: 1.52 to 5.36, 2 studies, 1303 participants, criti-

$ E 58 § 56 cally low quality) and other adverse outcomes in people
25z 2 5= S8 with TB and depression compared with people with only

TB (table 3). Table 3 summarises the results of systematic
reviews focused on MDR-TB. According to these results,

S the prevalence of depression in people with MDR-TB is
- sl |S¥ 52% (95% CI: 38% to 66%, 5 studies, high quality) (S20).
= N S5
Sldgg 2 3% g% :
X o & X o | 2 Z |3 TB and anxiety
bl * & < o L2 \3 ~ ® X . .
IR e e @ g 3 22| 8 g Of the two (S19, S44) reviews reporting data on TB and
S ¥ =X - z J R X 5 . . . .
5 E “2\1 § = s g % :’@ % g anxiety (>7500 participants from 31 countries), only one
g E < =2 |8 5 9 <le | 2 E (S19) focused on MDR-TB, reported any pooled outcome
& ' S o = ; . .
mjc 23 & ° 8 88 3 g of interest: the prevalence of anxiety overall (24%, 95%
o £ g CI: 2% to 57%, 3 studies, 209 participants, critically low
s 7 < quality) and in the regions of Southeast Asia and the
3 g K
> & § g Americas (table 3).
= I = 2
S m s |22 g 2
£ 8 zl 12 |82 |..|% .4 TB and psychosis
B 3 s 8 > 3 olo| 28 %é One systematic review (7518 participants from 17 coun-
© == P [ .
% £ % 2 § 9 % £E|2g 99 tries) focused on MDR-TB, reported the prevalence of
o = =| O == oo . o .. . 3
2| = £|8 % S £ € £ B8y ° 5 psychosis in Africa (12%, 95% CI: 8% to 17%, 5 studies,
5 S = S 229 o8 l. . . .
% “é 2 & g g z é é 2(\3% ;‘é critically low quality) and in several subcontinental
gl g £ ? S 2 £ 22 e8c of regions (table 3) (S19).
=) =} = = = e = N Z
oo = O o a = oo =¥ % Ty
852 ¢« g TB and HCV
— o . . .
é gg LE8S One systematic review estimated the prevalence of HCV
355l in people with TB in Africa to be 11% (95% CI: 1% to
=H =50 . - <
§286¢cE 23%, 3 studies, 327 participants, 1°=93.9%, moderate
5585383 lity) (S22
o) 028083 quality) (S22).
[} > SL29% €
=) = NnOo0 50
a5 EScES0L P . .
= E + BezSat Risk of cancer in people with TB
%) 020 ) . . . .
8 3 * E= 583 E ‘2 £ One systematic review (523) reported the risk of different
2 52T <] . . . . .
= b= B 2s8ess types of cancer in people with TB in upper-middle income
- 2o 2 £ g Fo2o22 p . . p p pp
o | < g 8§35 & g8 8| 5= E§§9 countries, including lung cancer (RR: 1.53, 95% CI: 1.25
- 9 = S| E | £ =N . . .,
2 B3 EEE3 > % & 333 2e to 1.87, 9 studies, low quality), non-Hodgkin’s lymphoma
[ i3 a [= [= CrRmed

(RR: 1.70, 95% CI: 1.13 to 2.56, 1 study, low quality) and
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Figure 2 Prevalence of DM in people with TB in each country. DM, diabetes mellitus; TB, tuberculosis.

leukaemia (RR: 1.61, 95% CI: 1.13 to 2.29, 1 study, low
quality) (table 4).

Risk of coronary heart disease in people with TB

One systematic review reported (in their abstract) an
increased risk of coronary heart disease in people with TB
in LMICs (RR: 1.76, 95% CI: 1.05 to 2.95) (table 4) (Sb5).

Subgroup analyses

Regarding our planned subgroup analyses, we could only
find data stratified by gender reported for the prevalence
of HIV in people with TB in China (women: 0.6%, 95%
CI: 0.3% to 1.1%, 9 studies, critically low quality; men:
1.1%, 95% CI: 0.6% to 2.0%; 9 studies, critically low
quality) (table 1) (S8) and the prevalence of depression
in people with TB (women: 51.54%, 95% CI: 40.34% to
62.60%, 17 studies, high quality; men: 45.25%, 95% CI:
35.19% to 55.71%, 17 studies, high quality) (table 3)
(520) We did not find any pooled results stratified by age.

DISCUSSION

This was the first meta-review to identify and map out
the co-occurrence of CCDs and NCDs in people with TB
in LMIGs. Although the geographical regions covered
by the included reviews varied, we found that the most
prevalent chronic conditions were depression, HIV and
DM. We also found some evidence that people with TB
and these chronic conditions had significantly increased
odds of adverse outcomes such as death and treatment
failure. No systematic review pooled the prevalence of
two or more additional chronic conditions in people with
TB and differences between people with TB and a single
chronic condition versus multiple additional chronic
conditions could not be explored.

While HIV, DM and depression are well-known comor-
bidities of TB, our review highlights that their prevalence
can vary, in some cases substantially, between different
countries or regions. Such regional differences should
be taken into account when designing interventions,

illustrating how a one-size-fits-all approach is unlikely to
succeed.

Our findings offer an overview of TB multimorbidity
to see comorbid conditions in relation to each other.
For instance, despite the known synergistic relationship
between TB and HIV,'* our review suggests that the nega-
tive impact of HIV on TB treatment outcomes is less
severe than the impact of depression, which not only
had higher odds of adverse outcomes, but also was more
prevalent among people with TB. This apparent smaller
impact of HIV than depression in people with TB could
partially be explained by the disparity—in attention and
resources—between HIV and depression, and illustrates
how an integrated approach, such as the one received
by at least some patients with TB and HIV, could reduce
the negative impact of other chronic conditions, such as
depression, in patients with TB. This also illustrates how
the results of our review could be used when planning for
new services. Moreover, it highlights the importance of
screening for mental health in areas where mental health
services need improvement.” %’

Our meta-review highlights the many gaps in the litera-
ture on TB multimorbidity in LMICs. For example, while
the meta-analysis of the prevalence of TB and depres-
sion included 25 studies,” the meta-analysis for treat-
ment outcomes in this group included only two studies,'®
reflecting the lack of evidence for the impact of TB multi-
morbidity on TB treatment outcomes. Data stratified by
gender or age were also minimal, which is particularly
important when women might have different healthcare
seeking behaviours and limited voice in decision-making.
In addition to the gaps in the literature with regards to
primary studies, our meta-review also highlights the lack
of systematic reviews focused on people with TB and
more than one additional chronic condition, which is
an increasingly likely scenario as the prevalence of NCDs
in LMICs grows.2 In this regard, several cohort studies
have assessed the impact of multimorbidity on TB treat-
ment outcomes, such as in China or Brazil® ** finding
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Non-Hodgkin’s lymphoma (low) (S23)

Leukaemia (low) (S23)
Coronary heart disease 1(S55)

Outcome (quality?*)
*Quality rating represents the overall confidence in the results of the review, as assessed with the AMSTAR2 tool.

tData extracted from abstract only, as we could not obtain the full text article.

Table 4 Risk of cancer and coronary heart disease in people with TB
LMICs, low-income and middle-income countries; TB, tuberculosis.

Upper-middle income countries Lung cancer (low) (S23)

Region
LMICs

worse outcomes among patients with multiple additional
chronic conditions. Furthermore, Chen et al 1 results
highlight that some combinations of comorbidities, such
as the group with cardiovascular morbidity with complica-
tions, increase the risk of negative TB treatment outcomes
more than others. Considering the potential multiple-way
synergies between multiple chronic conditions, a system-
atic review of the literature on this topic is sorely needed.
This evidence gap is addressed in a complementary review
by our group.”

We did not find any systematic reviews focusing on
CCDs and NCDs in people with zoonotic TB (zIB). While
this type of TB was estimated to represent 1.4% of all TB
cases in 2019, this number is likely to be an underesti-
mate, as there are poor surveillance programmes, under-
reporting and lack of laboratory confirmation of the
causative agent.” It is therefore not surprising that we
could not find any systematic reviews synthesising studies
reporting on the prevalence of comorbidities specifically
in zTB.

In addition to the gaps in the literature, our meta-
review also highlights the need for systematic reviews of
higher quality, as most of the identified systematic reviews
were assessed as low or critically low quality according
to AMSTARZ2, limiting the certainty we can have in their
results. The systematic reviews with high or moderate
quality that we have identified reported prevalence of TB
+ HIV in SSA (and Ethiopia), the effect of HIV in people
with DR-TB in SSA, the prevalence of HIV in people with
TB lymphadenitis in Africa (and Ethiopia) and the preva-
lence of depression in people with TB and with MDR-TB
in LMICs.

Strengths

Our review has several strengths, such as an extensive
search strategy, including databases of grey literature
and protocols. Considering that PROSPERO is the main
registry for systematic reviews and our efforts to contact
authors of potentially relevant protocols, we are confident
in the coverage of our search strategy. Another strength
of our review is our focus on LMICs, making sure that
data from HICs was not included, as the differences in
risk factors, resources and treatment opportunities would
make the results less applicable to LMICs.

Limitations

Our review has several limitations as well. First, most of
the meta-analyses had very high heterogeneity and should
therefore be interpreted with caution. This was the case
even in systematic reviews focused on a single country.
While part of this heterogeneity could be explained by
methodological differences between the included studies
(eg, differences in the definitions and measurement of
comorbidities), it could also reflect variation, inside a
country, in how TB treatment strategies are adapted to
local needs, their cultural acceptance and funding limita-
tions. As risk factors for specific CCDs and NCDs are also
heterogeneous between regions (eg, prevalence of HIV
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in the community, smoking habits, access to treatment,
etc), the pattern of TB comorbidities is also likely to vary
both between and within countries. Second, more than
half of the studies summarised in our results had low or
critically low quality. Third, despite the large number of
systematic reviews identified in our review, our focus on
LMICs excluded many results reported in them. Finally,
we found little evidence regarding the burden of TB
multimorbidity, which was one of the goals of this review.
This highlights gaps in the body of evidence of systematic
reviews, suggesting new future lines of research.

Conclusion

Given the fact that multimorbidity is common in
LMICs™ *® and is associated with a wide range of adverse
outcomes for the individual, family and society, and
poses challenges for healthcare systems, particularly in
LMICs, our results are important.”” ** TB multimorbidity
appears to be common and to have additional burden-
some impact, deserving urgent attention.”” * Research is
needed to identify early at-risk populations and ultimately
prevent the onset of TB multimorbidity and to develop
effective treatments and clinical pathways to care for
this heterogeneous and burdensome group of people.'’
The high prevalence of TB multimorbidity in LMICs is a
triple challenge, as these regions already have the highest
(and growing) number of people with multimorbidity
generally, the highest levels of TB, and health and social
care systems which are stretched/sparse and unable to
deal with these complexities.]5 Thus, urgent research is
needed to better address this clearly prevalent, burden-
some, and important issue.

Acknowledgements This review is part of the TB Multimorbidity Network project
(https://www.impactsouthasia.com/tbmm/), which is funded by the Medical
Research Council (MRC Grant reference MC_PC_MR/T037806/1).

Contributors NS, BS, KS and HE conceptualised the study. AJ, ER, AE, YL, RH, HE,
KS, BS and NS contributed to the design of the study. AJ, ER and NS contributed

to the titles and abstracts screening. AJ, ER and SA contributed to the full-text
screening and data extraction. ER and SA contributed to the quality assessment. AJ
summarised the results and wrote the first draft of the report with input from BS
and NS. ER, SA, AE, YL and KS contributed to the interpretation of the results and
revised the manuscript. AJ is responsible for the overall content as the guarantor.
All authors had full access to all the data in the study and had final responsibility for
the decision to submit for publication.

Funding This work was supported by Medical Research Council UK, grant number
MC_PC_MR/T037806/1.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Alexander Jarde http://orcid.org/0000-0002-2951-9741
Rumana Huque http://orcid.org/0000-0002-7616-9596
Helen Elsey http://orcid.org/0000-0003-4724-0581
Kamran Siddiqi http://orcid.org/0000-0003-1529-7778
Najma Siddiqi http://orcid.org/0000-0003-1794-2152

REFERENCES

1 Foguet-Boreu Q, Violan C, Roso-Llorach A, et al. Impact of
multimorbidity: acute morbidity, area of residency and use of health
services across the life span in a region of South Europe. BMC Fam
Pract 2014;15:55.

2 France EF, Wyke S, Gunn JM, et al. Multimorbidity in primary care:

a systematic review of prospective cohort studies. Br J Gen Pract
2012;62:e297-307.

3 Roche S, De Vries E, de VE. Multimorbidity in a large district Hospital:
a descriptive cross-sectional study. S Afr Med J 2017;107:1110-5.

4 GBD Compare. | IHME viz hub.. Available: http://vizhub.healthdata.
org/gbd-compare [Accessed 08 Sep 2021].

5 World Health Organisation. Hiv/Aids. Available: https://www.who.int/
news-room/fact-sheets/detail/hiv-aids [Accessed 21 Sep 2020].

6 Murray CJL, Vos T, Lozano R, et al. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a
systematic analysis for the global burden of disease study 2010. The
Lancet 2012;380:2197-223.

7 Bates M, Marais BJ, Zumla A. Tuberculosis comorbidity with
communicable and noncommunicable diseases. Cold Spring Harb
Perspect Med 2015;5:a017889.

8 Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment
of burden of disease and injury attributable to 67 risk factors
and risk factor clusters in 21 regions, 1990-2010: a systematic
analysis for the global burden of disease study 2010. The Lancet
2012;380:2224-60.

9 World Health Organization. Global tuberculosis report 2020. Geneva:
World Health Organization, 2020. Available: https://apps.who.int/iris/
handle/10665/336069 [Accessed 18 Jul 2022].

10 Roth GA, Abate D, Abate KH, et al. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries
and territories, 1980-2017: a systematic analysis for the global
burden of disease study 2017. The Lancet 2018;392:1736-88.

11 Marais BJ, Lonnroth K, Lawn SD, et al. Tuberculosis comorbidity with
communicable and non-communicable diseases: integrating health
services and control efforts. Lancet Infect Dis 2013;13:436-48.

12 Oh KH, Choi H, Kim EJ, et al. Depression and risk of tuberculosis:

a nationwide population-based cohort study. Int J Tuberc Lung Dis
2017;21:804-9.

13 Niazi AK, Kalra S. Diabetes and tuberculosis: a review of the role of
optimal glycemic control. J Diabetes Metab Disord 2012;11:28.

14 Kwan CK, Ernst JD. Hiv and tuberculosis: a deadly human syndemic.
Clin Microbiol Rev 2011;24:351-76.

15 Siddiqi K, Stubbs B, Lin Y, et al. Tb multimorbidity: a global health
challenge demanding urgent attention. Int J Tuberc Lung Dis
2021;25:87-90.

16 Huddart S, Svadzian A, Nafade V, et al. Tuberculosis case fatality
in India: a systematic review and meta-analysis. BMJ Glob Health
2020;5:e002080.

12

Jarde A, et al. BMJ Open 2022;12:€060906. doi:10.1136/bmjopen-2022-060906


https://www.impactsouthasia.com/tbmm/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2951-9741
http://orcid.org/0000-0002-7616-9596
http://orcid.org/0000-0003-4724-0581
http://orcid.org/0000-0003-1529-7778
http://orcid.org/0000-0003-1794-2152
http://dx.doi.org/10.1186/1471-2296-15-55
http://dx.doi.org/10.1186/1471-2296-15-55
http://dx.doi.org/10.3399/bjgp12X636146
http://dx.doi.org/10.7196/SAMJ.2017.v107i12.12397
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
https://www.who.int/news-room/fact-sheets/detail/hiv-aids
https://www.who.int/news-room/fact-sheets/detail/hiv-aids
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://dx.doi.org/10.1101/cshperspect.a017889
http://dx.doi.org/10.1101/cshperspect.a017889
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
https://apps.who.int/iris/handle/10665/336069
https://apps.who.int/iris/handle/10665/336069
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S1473-3099(13)70015-X
http://dx.doi.org/10.5588/ijtld.17.0038
http://dx.doi.org/10.1186/2251-6581-11-28
http://dx.doi.org/10.1128/CMR.00042-10
http://dx.doi.org/10.5588/ijtld.20.0751
http://dx.doi.org/10.1136/bmjgh-2019-002080

17 Eshetie S, Gizachew M, Alebel A, et al. Tuberculosis treatment
outcomes in Ethiopia from 2003 to 2016, and impact of HIV co-
infection and prior drug exposure: a systematic review and meta-
analysis. PLoS One 2018;13:e0194675.

18 Ruiz-Grosso P, Cachay R, de la Flor A, et al. Association between
tuberculosis and depression on negative outcomes of tuberculosis
treatment: a systematic review and meta-analysis. PLoS One
2020;15:e0227472.

19 Gautam S, Shrestha N, Mahato S, et al. Diabetes among tuberculosis

patients and its impact on tuberculosis treatment in South Asia: a
systematic review and meta-analysis. Sci Rep 2021;11:2113.

20 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

21 Bernell S, Howard SW. Use your words carefully: what is a chronic
disease? Front Public Health 2016;4:159.

22 Laserson KF, Thorpe LE, Leimane V, et al. Speaking the same
language: treatment outcome definitions for multidrug-resistant
tuberculosis. Int J Tuberc Lung Dis 2005;9:640-5.

23 Organization WH, others. Definitions and reporting framework for
tuberculosis—2013 revision: updated December 2014 and January
2020. World Health Organization, 2013.

24 Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal
tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ
2017;358:j4008.

25 Wongtrakul W, Charoenngam N, Ungprasert P. Tuberculosis and risk

of coronary heart disease: a systematic review and meta-analysis.
Indian J Tuberc 2020;67:182-8.

26 Pang P, Sun C, Duan W, et al. A review on global head and neck
tuberculosis cases from 980 papers and 5881 patients. Int J Oral
Maxillofac Surg 2019;48:182.

27 Zheng Y, Ma S, Tan D, et al. [A meta-analysis of liver lesions in

hepatitis B patients undergoing anti-tuberculosis therapy]. Zhonghua

Gan Zang Bing Za Zhi 2014;22:585-9.

28 Keynejad RC, Dua T, Barbui C, et al. Who mental health gap action
programme (MhGAP) intervention guide: a systematic review of
evidence from low and middle-income countries. Evid Based Ment
Health 2018;21:30-4.

29

30

31

32

33

34

35

36

37

38

39

Eaton J, McCay L, Semrau M, et al. Scale up of services for mental
health in low-income and middle-income countries. The Lancet
2011;378:1592-603.

Duko B, Bedaso A, Ayano G. The prevalence of depression among
patients with tuberculosis: a systematic review and meta-analysis.
Ann Gen Psychiatry 2020;19:30.

Chen Q, CheYY, Xiao Y, et al. Impact of multimorbidity subgroups
on the health care use and clinical outcomes of patients with
tuberculosis: a population-based cohort analysis. Front Public Health
2021;9:756717.

Soares LN, Spagnolo LMdeL, Tomberg JO, et al. Relationship
between multimorbidity and the outcome of the treatment for
pulmonary tuberculosis. Rev Gaucha Enferm 2020;41:€20190373.
Jarde A, Ma R, Todowede OO, et al. Prevalence, clusters, and burden
of complex tuberculosis multimorbidity in low- and middle-income
countries: a systematic review and meta-analysis. medRxiv 2022
https://www.medrxiv.org/content/10.1101/2022.09.22.22280228v1
Luciano SA, Roess A. Human zoonotic tuberculosis and livestock
exposure in low- and middle-income countries: a systematic review
identifying challenges in laboratory diagnosis. Zoonoses Public
Health 2020;67:97-111.

Vancampfort D, Koyanagi A, Ward PB, et al. Perceived stress and
its relationship with chronic medical conditions and multimorbidity
among 229,293 community-dwelling adults in 44 low- and middle-
income countries. Am J Epidemiol 2017;186:979-89.

Vancampfort D, Koyanagi A, Ward PB, et al. Chronic physical
conditions, multimorbidity and physical activity across 46 low- and
middle-income countries. Int J Behav Nutr Phys Act 2017;14:6.
Vancampfort D, Koyanagi A, Hallgren M, et al. The relationship
between chronic physical conditions, multimorbidity and anxiety in
the general population: a global perspective across 42 countries.
Gen Hosp Psychiatry 2017;45:1-6.

Jacob L, Oh H, Shin JI, et al. Informal caregiving, chronic physical
conditions, and physical multimorbidity in 48 low- and middle-
income countries. J Gerontol A Biol Sci Med Sci 2020;75:1572-8.
Stubbs B, Siddiqgi K, Elsey H, et al. Tuberculosis and non-
communicable disease multimorbidity: an analysis of the world
health survey in 48 low- and middle-income countries. Int J Environ
Res Public Health 2021;18:2439.

Jarde A, et al. BMJ Open 2022;12:e060906. doi:10.1136/bmjopen-2022-060906

13


http://dx.doi.org/10.1371/journal.pone.0194675
http://dx.doi.org/10.1371/journal.pone.0227472
http://dx.doi.org/10.1038/s41598-021-81057-2
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.3389/fpubh.2016.00159
http://www.ncbi.nlm.nih.gov/pubmed/15971391
http://dx.doi.org/10.1136/bmj.j4008
http://dx.doi.org/10.1016/j.ijtb.2020.01.008
http://dx.doi.org/10.1016/j.ijom.2019.03.563
http://dx.doi.org/10.1016/j.ijom.2019.03.563
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2014.08.007
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2014.08.007
http://dx.doi.org/10.1136/eb-2017-102750
http://dx.doi.org/10.1136/eb-2017-102750
http://dx.doi.org/10.1016/S0140-6736(11)60891-X
http://dx.doi.org/10.1186/s12991-020-00281-8
http://dx.doi.org/10.3389/fpubh.2021.756717
http://dx.doi.org/10.1590/1983-1447.2020.20190373
http://dx.doi.org/10.1101/2022.09.22.22280228
https://www.medrxiv.org/content/10.1101/2022.09.22.22280228v1
http://dx.doi.org/10.1111/zph.12684
http://dx.doi.org/10.1111/zph.12684
http://dx.doi.org/10.1093/aje/kwx159
http://dx.doi.org/10.1186/s12966-017-0463-5
http://dx.doi.org/10.1016/j.genhosppsych.2016.11.002
http://dx.doi.org/10.1093/gerona/glaa017
http://dx.doi.org/10.3390/ijerph18052439
http://dx.doi.org/10.3390/ijerph18052439

	Prevalence and risks of tuberculosis multimorbidity in low-­income and middle-­income countries: a meta-­review
	Abstract
	Introduction﻿﻿
	Methods
	Search strategy
	Selection criteria
	Primary outcomes
	Secondary outcomes
	Study selection
	Data extraction and quality assessment
	Data synthesis
	Patient and public involvement

	Results
	Study and participant characteristics
	Summary of results
	TB and HIV
	TB and DM
	TB and mental disorders
	TB and mental disorders (pooled as a composite outcome)
	TB and depression
	TB and anxiety
	TB and psychosis
	TB and HCV
	Risk of cancer in people with TB
	Risk of coronary heart disease in people with TB
	Subgroup analyses



	Discussion
	Strengths
	Limitations
	Conclusion

	References


