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OBJECTIVE To determine current evidence for the association between diabetes and active

tuberculosis in Africa, and how HIV modifies, or not, any association between diabetes and active

METHODS We conducted a systematic review by searching the EMBASE, Global Health and
MEDLINE databases. Studies were eligible for inclusion if they explored the association between
diabetes mellitus prevalence and active tuberculosis incidence or prevalence, used a comparison
group, were conducted in an African population and adjusted the analysis for at least age. Study
characteristics were compared, and risk of bias was assessed. The range of effect estimates was
determined for the primary association and for effect modification by HIV.

RESULTS Three eligible studies were identified: two investigated the primary association and two
investigated HIV as a potential effect modifier. All studies were case—control studies, including a
combined total of 1958 tuberculosis cases and 2111 non-tuberculosis controls. Diabetes diagnostic
methods and analysis strategies varied between studies. Individual study adjusted odds ratios of active
tuberculosis for the effect of diabetes mellitus (unstratified) ranged from 0.88 (95% CI 0.17-4.58) to
10.7 (95% CI 4.5-26.0). Individual study P-values for HIV interaction ranged from 0.01 to 0.83.
Quantitative synthesis of individual study data was not performed due to heterogeneity between

CONCLUSIONS Few data currently exist on the association between diabetes and active tuberculosis
in Africa, and on the effect of HIV on this association. Existing data are disparate. More regional
research is needed to guide policy and practice on the care and control of tuberculosis and diabetes in

keywords Diabetes mellitus, tuberculosis, HIV, Africa, systematic review
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An association between diabetes mellitus (DM) and active
tuberculosis (TB) has been established: systematic reviews
and meta-analyses of studies exploring the relationship
suggest that the incidence of active TB is two to three
times higher in those with DM than those without DM
[1-3]. However, the data contributing to this body of evi-
dence originate almost entirely from countries outside of
Africa [1-3]. There is longitudinal evidence that suggests
this association may differ in African populations. A
Danish study evaluated the effect of ethnicity and DM on
the risk of incident TB over a follow-up period of

15 years through linking nationwide DM and TB regis-
ters at case level [4]. They found a TB rate ratio of 1.9 in

individuals with DM wvs. individuals without DM,
regardless of country of birth, with the exception of
African-born individuals who had a rate ratio of 0.5. An
ecological longitudinal study covering the years 2000 and
2012 studied the global relationship between the preva-
lence of DM and the incidence of TB to evaluate their
coexistence worldwide [5]. Only countries with a high
DM prevalence (>7.6%) showed a significant positive
association between DM prevalence and TB incidence
based on linear regression time trend analysis (r = 0.17,
P =0.013). A non-significant inverse relationship was
found for the African region (r = —0.27).

Whilst there is no reason to suspect the underlying
pathophysiology of the association should differ between
ethnographic populations, the context of the association
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in Africa could be different from the rest of the world
and consequently lead to a different overall association.
Other risk factors for tuberculosis could act as effect
modifiers on the association. The most notable difference
relating to tuberculosis risk factors between Africa and
elsewhere is the high prevalence of HIV in Africa, which
is more than five times higher than in any other world
region [6].

The dual effect of diabetes and HIV on the risk of
developing TB disease or on its clinical evolution is
unclear. It could be that the effect of hyperglycaemia on
TB risk is relatively small in HIV-positive individuals
compared with its effect in HIV-negative individuals, as
the greatly increased risk of TB among HIV-positive indi-
viduals could diminish any additional increased risk from
hyperglycaemia. On the other hand, the effect of hyper-
glycaemia might be exacerbated in the presence of HIV
infection if the contributions of each to increased TB risk
are synergistic.

The prevalence and incidence of tuberculosis remain
high in many parts of Africa [7]. The number of adults
with diabetes in Africa is predicted to rise from 14.2 mil-
lion in 2015 (uncertainty interval 9.5-29.4 million) to
34.2 million in 2040 (uncertainty interval 23.7-67.7 mil-
lion) [8-11]. To appropriately respond to this now and
prepare for a future higher prevalence of diabetes, a
deeper understanding of associations between diabetes
and tuberculosis in the context of Africa is needed.
Therefore, we aimed to undertake systematic reviews
to determine current evidence for, firstly, the association
between the prevalence of diabetes and the incidence
or prevalence of active tuberculosis in Africa and, sec-
ondly, how HIV modifies, or not, any association
between the prevalence of diabetes and the incidence or
prevalence of tuberculosis.

Methods

The EMBASE, Global Health and PubMed databases
were searched. Studies that investigated the relationship
between the prevalence of diabetes and the incidence or
prevalence of active tuberculosis, included a comparison
group, were conducted in an African population and
adjusted for age were eligible for inclusion. As age has
the potential to be a major confounder of the association,
studies that did not adjust for at least age in the analysis,
or present data that enabled this analysis, were not eligi-
ble. Reference lists of identified eligible papers were addi-
tionally hand-searched to identify further potentially
relevant studies.

The EMBASE ClassictEMBASE database was
searched for publications from 1947 until June 2016,

the Global Health database was searched for publica-
tions from 1910 until June 2016, and the Ovid
MEDLINE® database was searched for publications
from 1946 until June 2016, including Epub Ahead of
Print, In-Process, Other Non-Indexed Citations and
Ovid MEDLINE® Daily. The search terms and strate-
gies used were deliberately broad to increase the likeli-
hood of all relevant studies being identified. Searches
were restricted to human studies. No restriction on lan-
guage was made. The following MESH and text search
terms were used as follows:

o Diabetes mellitus.mp. [mp = title, abstract, heading
word, original title, keyword]

e Hyperglycaemia.mp. [mp = title, abstract, heading
word, original title, keyword]

e 1 OR2

o Tuberculosis.mp. [mp = title, abstract, heading word,
original title, keyword]

o Africa.mp. [mp = title, abstract, heading word, origi-
nal title, keyword]

e 3 AND 4 AND §

Deduplication of papers identified by the searches was
performed using the Ovid database platform. The titles
and abstracts were screened for eligibility, and the full
texts of articles identified as potentially relevant were
examined. All studies meeting the eligibility criteria were
included for exploration of the first aim, to determine the
association between the prevalence of diabetes and the
incidence or prevalence of active tuberculosis in Africa.
Studies that met the eligibility criteria and presented the
primary age-adjusted association stratified by HIV were
also included in assessment of the second aim, to deter-
mine how HIV modifies, or not, any association between
the prevalence of diabetes and the incidence or prevalence
of tuberculosis.

It is possible that studies relevant to the second aim
could take place in non-African populations, and so to
ensure all relevant papers were identified, a second search
was performed using the same databases and the same
search strategy, except no restriction on location was
made and the following MESH and text search terms
were used: Diabetes mellitus OR hyperglycaemia AND
tuberculosis AND HIV. Studies were eligible only if they
investigated the primary association between DM preva-
lence and TB incidence/prevalence and stratified the anal-
ysis by HIV. Studies that investigated the prevalence of
diabetes among TB patients stratified by HIV but did not
include a non-TB population were not eligible for inclu-
sion because it is not possible to assess for effect modifi-
cation without data from a control population for the
primary association.

2 © 2016 The Authors. Tropical Medicine & International Health Published by John Wiley & Sons Ltd.
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Individual study data were extracted from reports using
data collection tables, to identify individual study charac-
teristics, risk of bias and results. When necessary, study
authors were contacted for clarification of study data.
Study characteristics sought were period of data collec-
tion, study design, study setting, study size and HIV
prevalence among study participants. The risk of bias for
individual studies was assessed by ascertaining study
definitions for the exposure variable, outcome variable
and comparison group and determining the variables
adjusted for in the analysis. Qualitative description was
used to synthesise the risk of bias results. The principal
summary measures sought were the odds ratios or risk
ratios for the association between DM and TB, overall
and stratified by HIV. The range of effect estimates
was determined for the primary association and
stratified by HIV. The range of P-values for interaction
was also determined.

The study protocol was not eligible for registration in
current prospective registers of systematic reviews proto-
col because the review does not investigate an interven-
tion or strategy to prevent, diagnose, treat or monitor a
health condition; rather, it investigates observational
associations.

Results

The database searches for studies investigating the pri-
mary association in Africa identified 314 potential papers
after deduplication (Figure 1). A further three potentially
relevant papers were identified from reference lists.
Therefore, 317 titles and abstracts were screened, of
which 254 were excluded due to failure to meet the eligi-
bility criteria. We examined 63 full texts, of which three
studies were found to meet the eligibility criteria for
inclusion. All three papers investigated the association

Records identified through
database searching
(n=396)

Additional records identified
through reference lists

(n=317)

Records after duplicates removed

A

(n=317)

Records screened

(n=73
A4
Records excluded due to
failure to meet eligibility
— "] criteria
(n=254)

\ 4

for eligibility
(n=6Y3)

Full-text articles assessed

Full-text articles excluded
due to failure to meet
eligibility criteria
(n=60)

A

(18 = did not investigate the
DM-TB association
25 = no comparison group

.

(n=3)

Studies included in
qualitative synthesis

6 = did not adjust for age
8 = review paper
3 = case report/case
series/ecological study/ letter)

/\

Studies included in
analysis of overall TB-DM
association
(n=2)

Studies included in
analysis of effect
modification by HIV
(n=2)

Figure | Flow diagram of study selection for papers investigating the association between diabetes mellitus prevalence and tuberculosis

incidence or prevalence in an African population.
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between DM prevalence and TB incidence in an African
population [12-14], although only two reported the over-
all adjusted effect estimate [13, 14]. Of the three identi-
fied papers, two studies went on to also investigate HIV
as an effect modifier of the association [12, 14]. No
papers investigating the association between DM preva-
lence and TB prevalence were identified. The additional
database searches for any further papers investigating the
primary association plus HIV as an effect modifier identi-
fied 800 potentially relevant papers after deduplication,
but no further eligible papers were found after screening
and full-text assessment for eligibility.

The database searches identified eight review papers
that had relevance to associations between TB, diabetes
and HIV [15-22], although none reported current evi-
dence for the association between DM and TB in Africa
and none explored how HIV modifies or not this associa-
tion. Rather, they focused on related factors including
current understanding of the underlying mechanisms of
diabetes-related and HIV-related increased susceptibility
to TB [15-17], the importance of and challenges faced
with TB and diabetes comanagement and control [16,
18-20], current research gaps and prioritised areas for
research relating to TB and diabetes [21], and evidence of
association between TB and diabetes from elsewhere in
the world [16, 17, 22]. None of the review papers identi-
fied additional primary research papers that had not
already been identified through the database searches.

Individual study characteristics are shown in Table 1. All
three studies used a case—control design, investigating a com-
bined total of 1958 tuberculosis cases and 2111 non-tuber-
culosis controls. The prevalence of HIV ranged from 23% to
43% among cases and from 10% to 14% among controls.

Individual study risk of bias is also shown in Table 1.
Definitions of DM and TB varied between each study.
All studies tested for DM in TB cases around the time of
TB treatment initiation or in newly diagnosed patients
with TB. Boillat-Blanco et al. [14] additionally undertook
repeat testing for diabetes 5 months after TB treatment
initiation. The analysis strategy varied between each
study. All adjusted for age and sex. Faurholt-Jepsen et al.
presented the results for two separate analysis strategies,
one including adjustment for the acute phase reactant
alpha-1-acid glycoprotein and one without.

Table 2 presents the individual study results based on
the diabetes tests performed in newly diagnosed TB cases
around the time of enrolment. Adjusted odds ratios of
TB for the effect of DM range from 0.88 (95% CI
0.17-4.58) to 10.7 (95% CI 4.5-26.0). Figure 2 shows
this graphically, along with odds ratios of TB for the
effect of DM measured at follow-up. Boillat-Blanco et al.
found the prevalence of DM in cases reverted to the

background prevalence of DM in controls after treatment
for tuberculosis. Adjusted odds ratios of TB for the effect
of DM correspondingly reverted to the null.

The individual study effects of HIV on the association
between DM and TB were different depending on the
definition of diabetes and the factors adjusted for in the
analysis (Table 2). Boillat-Blanco et al. found no evidence
for effect modification by HIV other than when diabetes
was determined by HbAlc and measured at the time of
enrolment, in which case individuals who were uninfected
with HIV had a stronger association between DM and
TB than individuals infected with HIV (P = 0.048). Fau-
rholt-Jepsen et al. also found evidence for a stronger
association among HIV uninfected individuals but only
when adjusting for alpha-1-acid glycoprotein (P = 0.01).
Quantitative synthesis of individual study data was not
performed due to heterogeneity between studies.

Discussion

This systematic review identified only three eligible stud-
ies conducted in African populations. Only two of these
studies presented data on the adjusted association
between DM and TB. One found no evidence of associa-
tion and the other found evidence of a positive associa-
tion only when diabetes was measured in cases around
the time of TB treatment initiation. There was no evi-
dence of association when DM was measured in TB cases
after receiving TB treatment, suggesting that the initial
association seen was due to an increase in stress-induced
hyperglycaemia among newly diagnosed TB cases rather
than due to true diabetes.

Only two studies stratified their analysis by HIV. The
results depended on the analysis strategy and method of
DM diagnosis used. There was little evidence of associa-
tion among either HIV-infected or uninfected individuals
when DM was measured in cases after TB treatment.

The results seen in this systematic review are in keep-
ing with the idea that the association between DM and
active TB may be different among African populations,
but existing data are currently too sparse to be conclu-
sive. It remains possible that HIV could modify the asso-
ciation, but again, there are currently insufficient data to
be certain.

A limitation at the individual study level was the differ-
ent criteria used for diabetes diagnosis in each study,
both for the methods and the glycaemic cut-offs used to
determine diabetes. This made comparison between stud-
ies problematic. Conformity with WHO diagnostic crite-
ria and presenting separate rather than combined
analyses for each method of diagnosis used would
mitigate this limitation.

4 © 2016 The Authors. Tropical Medicine & International Health Published by John Wiley & Sons Ltd.
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Figure 2 Forest plot for the adjusted
odds ratios of active tuberculosis
comparing those with diabetes mellitus to
those without. DM, diabetes mellitus;

Study, method
of DM diagnosis

Odds ratio (95% ClI)

Haraldsdottir, FCG*
Boillat-Blanco, FCG*
Boillat-Blanco, OGTT*
Boillat-Blanco, HbA1c*
Boillat-Blanco, FCG**
Boillat-Blanco, OGTT**
Boillat-Blanco, HbA1c**

FCG, fasting capillary blood glucose;
OGTT, oral glucose tolerance test;
HbAlc, glycated haemoglobin; *DM in

0.88 (0.17, 4.58)

——————310.60 (3.20, 34.10)

—_ 3.70 (2.50, 5.10)

— — 10.70 (4.50, 28.00)
S 2.40 (0.70, 8.70)
4 1.60 (0.80, 2.90)
+— 1.40 (0.90, 2.00)

cases measured around the time of TB
treatment initiation; **DM in cases
measured a median of 5 months after TB
treatment initiation.

The results of this systematic review, and any future
repeat review, have relevance to healthcare policymak-
ers, academics and practitioners in Africa. The global
collaborative framework for the care and control of
tuberculosis and diabetes produced in 2011 by the
World Health Organization and the International Union
Against Tuberculosis and Lung Disease had few contrib-
utory studies from Africa [23]. In 2016, this systematic
review suggests there remain few studies based in Afri-
can populations that can guide local and regional policy
and practice on the care and control of TB and dia-
betes. It remains possible that the association between
diabetes and active TB could be different in African
populations from elsewhere in the world, and it remains
possible that HIV could modify the association. Given
the continued high incidence of tuberculosis in much of
Africa and the predicted rising prevalence of diabetes
throughout Africa [7, 8], further evidence on the nature
and magnitude of their association in this setting would
be valuable.

Conclusions

Few data currently exist on the association between dia-
betes and active tuberculosis in Africa, or on the effect of
HIV on this association. Exploration of diabetes diag-
nosed both at the time of TB diagnosis and after TB
treatment is valuable to distinguish between diabetes and
stress-induced hyperglycaemia secondary to infection with
TB. More regional research is needed to guide policy and
practice on the care and control of tuberculosis and
diabetes in Africa.

02 05 1 2 5
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