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Abstract

Objectives
Previous studies have demonstrated that people with diabetes mellitus (DM) have a higher tuberculosis (TB) risk, but the evidence from Sub-Saharan Africa (SSA) has been limited until recently and not included in earlier global summaries. Therefore, this systematic review aims to determine the risk of active TB disease among people with DM in SSA and whether HIV alters this association.
Methods
Medline, Embase, CINAHL, Web of Science, Global Health and African Index Medicus were searched between January 1980 and February 2021. Cohort, case-control and cross-sectional studies from SSA, which assessed the association between DM and active TB, were included if adjusted for age. Two researchers independently assessed titles, abstracts, full texts, extracted data and assessed risk of bias. Estimates for the association between DM and TB were summarized using a random effects meta-analysis. PROSPERO: CRD42021241743.
Results
Nine eligible studies were identified, which consisted of 110,905 people from 5 countries. Individual study odds ratios (OR) of the TB-DM association ranged from 0.88 (95% CI 0.17-4.58) to 10.7 (95% CI 4.5-26). The pooled OR was 2.77 (95% CI 1.90-4.05). High heterogeneity was reduced in sensitivity analysis (from I2=57% to I2=6.9%), by excluding one study which ascertained DM by HbA1c. Risk of bias varied widely between studies, especially concerning the way in which DM status was determined.
Conclusions
There is a strong positive association between DM and active TB in SSA. More research is needed to determine whether HIV, athe key risk factor for TB in SSA, modifies this relationship.
 

[bookmark: _Toc74816997][bookmark: _Hlk84686699]Introduction
[bookmark: _Hlk92892407]Tuberculosis (TB) remains a major global health concern, with 10 million cases and 1.4 million deaths in 2019 (1). Diabetes mellitus (DM) is known to increase infection risk and severity of many infectious diseases, including TB (2). It has been estimated that Iin 2019, 463 million people had DM worldwide (3). According to population-based studies, and half of these people remained undiagnosed (3). Especially in Sub-Saharan Africa (SSA), the prevalence of DM is increasing rapidly. By 2045 the number of adults with DM in SSA is projected to have increased by 142.9% compared to 2019 (3), due to aging of the currently young population and rising levels of urbanization altering traditional lifestyles and diets (4, 5). 

[bookmark: _Hlk92892713]Several studies have established that DM increases the risk of active TB (ATB) by 2-3 times, but evidence from SSA is sparse (6-10). Previous reviews on the risk of TB in DM have only scarcely included studies from SSA. A review conducted by Al-Rifai et al. in 2017, included only one study conducted in SSA, and most of the evidence came from high income countries (6). The association between DM and TB could potentially be different in an African setting due to heterogeneity in DM phenotype and presentation, poorer DM management, differences in TB incidence and, in particular, a higher prevalence of HIV. People with HIV have a 27-32 times greater chance to develop ATB in comparison with HIV negative people, which makes HIV a very the single most important risk factor for TB in SSA (11, 12). There is little known about the possible effect modification of the association between DM and TB by HIV status. In 2017, Bailey et al. published a systematic review on this topic, in which they identified only three eligible studies (13). No conclusion could be drawn, because some studies suggested that the effect of DM on TB risk might be greater in people with HIV, and other studies suggested the opposite (13). No strong evidence for any association between TB and DM in SSA was identified in this review. 

As far as we are aware, no other systematic review has been conducted on the association between DM and TB in SSA. However, the body of literature on this topic has grown rapidly over the past 5 years since searching for the Bailey review was completed. Therefore, the aim of the current systematic review was to determine the risk of ATB among people with DM (either type 1 or type 2, though mainly the latter) in SSA. A sub-focus was whether HIV modifies this association.

[bookmark: _Toc74816998]Methods
This systematic review focused on the association between DM and TB in SSA and the possible modification of this association by HIV. The review protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) on the 11th of March 2021 (registration number CRD42021241743). 

Search strategy
[bookmark: _Hlk92894067]We searched Medline (via PubMed), Embase (via Ovid), CINAHL, Web of Science, Global Health (via Ovid) and African Index Medicus for studies published between January 1980 and February 2021. Prior to 1980, DM and HIV prevalence in SSA waswere both significantly lower, HIV not yet discovered and TB treatment different, therefore earlier studies may not be comparable. Search strings included MESH, keyword terms and synonyms for the words ‘’tuberculosis’’, ‘’diabetes mellitus’’ and ‘’Africa’’ and the names of each the Sub-Saharan African countryies (Appendix 1). In addition to database searches, reference lists of eligible studies, key reviews and conference abstracts of the International Union Against Tuberculosis and Lung Disease conferences from 2016 to 2020 were hand searched to identify potentially relevant studies.

Eligibility criteria
[bookmark: _Hlk66176913][bookmark: _Hlk92894816]Cohort studies, case-control studies and cross-sectional studies that determined the association between DM and TB in SSA were included. Studies were included when they adjusted for at least the confounder age, which is thought to be an the most important confounder in this association globally, and had a suitable control group (14). The key exposure was DM, as defined by the individual studies (generally patient reported, abstracted from medical records or diagnosed by blood glucose tests/ glycosylated haemoglobin). The main outcome was incident TB disease. Studies were included irrespective of DM type (which was often not reported, but likely mostly DM type 2), TB type (pulmonary and extrapulmonary), and methods used for DM and TB ascertainment. For the sub-focus on effect-modification by HIV, an additional inclusion criterion was that the studies stratified the estimate of the association by HIV status i.e. estimating association between TB and DM in people with HIV and those without separately. 

[bookmark: _Hlk93144451]We excluded case series, reviews, commentaries and other publications without primary data, studies that could not be obtained from any source (online databases, library request or contacting authors), those not published in English or French and thoseanimal studies. Furthermore, studies with predominantly participants below 18 years of age were excluded, because the prevalence of DM is significantly different in children.  or non-human subjects. 

Study selection and data extraction
Titles and abstracts of studies identified with the searches were screened independently by two researchers (IO, SN). Of potentially relevant studies, full texts were obtained which were again screened by these two researchers independently. Any disagreements on eligibility were resolved through discussion or consultation with a third researcher (PH or JAC). 

[bookmark: _Hlk93145235]From the studies included, the following data were extracted: study characteristics (author, publication year, study period, study design, country, setting, language, inclusion/ exclusion criteria, potential confounders adjusted for),  definitions diagnostics used to identify people withefor TB, DM and HIV diagnosis, baseline characteristics of participants (sample size, age, sex, body mass index (BMI), fasting blood glucose (or related), HIV status and history, new TB cases, TB/DM history, TB type (pulmonary or extra-pulmonary), culture positivity, TB symptoms, new DM cases) and outcomes (odds ratios (ORs) or other measures that quantify the association between DM and TB including the number of cases and confidence intervals). When multiple adjustment models were presented, the model which adjusted for most confounders was chosen. As with study selection, data extraction was performed by two researchers independently (IO, SN) and any discrepancies were resolved through discussion or consultation with a third researcher (PH or JAC). 

Choice of effect measure 
[bookmark: _Hlk93139393]Some studies reported several estimates for the association, for different timepoints over the course of TB treatment, or different testing modalities for DM. For consistency with other studies, we included estimates at enrolment (compared with those at follow-up). Additionally, the estimate for the most reliable test for DM or TB was included. This meant that in the main analysis, glycosylated haemoglobin (HbA1c), oral glucose tolerance test (OGTT) and fasting blood glucose (FBG) measurements in venous blood were prioritised over random blood glucose measurements and measurements in capillary blood (15). Furthermore, when the estimates were stratified by HIV status, the estimate of the association among HIV negative participants was included, since the main analysis did not aim to assess the effect of HIV on the association. The impact of these choices on overall results was assessed in sensitivity analyses. Furthermore, sensitivity analyses excluding studies that used only patient self-report to classify DM status or had no microbiological confirmation of TB diagnosis were performed, to assess the influence of inclusion of these studies on estimates of the association between TB and DM. 	Comment by Julia Critchley: Should we call this diagnostics as we used this term earlier?

Statistical analysis
To summarize evidence, study outcomes were pooled statistically. Meta-analysis for TB risk was performed using a random effects method, because heterogeneity between the studies included was expected. To obtain a weighted average, a Mantel-Haenszel analysis was performed. Subsequently, statistical heterogeneity was assessed using a chi-squared test and the degree of heterogeneity was determined using the I2 statistic. Finally, a funnel plot was made to detect publication bias. Because Cochrane recommends not to use Egger’s test for small study effects for less than 10 studies, Egger’s test was not performed (16). All statistical analyses were performed in STATA 16 (17).  

Risk of bias assessment 
To assess the quality and risk of bias of the studies included, we applied the validated Newcastle-Ottawa scale for cohort and case-control studies (18). Because this scale was not designed to assess cross sectional studies, the Quality assessment tool for observational, cohort and cross-sectional studies of the National Institute of Health was applied for cross-sectional studies (19). Risk of bias assessment was conducted by two researchers independently (IO, PH). Disagreements were resolved by consultation with a third researcher (JAC), as with inclusion and extraction.  	Comment by Julia Critchley: Should quality be capitalised? (I am not sure but think not unless this is the name of the quality assessment tool)

[bookmark: _Hlk86833509]Bias arising from the ascertainment of DM was considered low if an internationally recognised method of diagnosing DM was used in the study such as measuring plasma glucose or HbA1c, intermediate if less accurate capillary measurements were used and high if DM status was self-reported only. Bias from the ascertainment of TB was judged low if TB was confirmed by culture or XPERT, high if based on symptoms / clinical diagnosis only. Bias from the selection of cases and controls was considered low if cases were recruited consecutively, intermediate if not clearly described and high when there was a reasonable probability that the sample was not representative for the population of interest. Bias due to missing outcome data was judged low if less than 20% of participants were lost to follow-up among both cases and controls. Bias due to incomplete reporting was judged low if measurement methods, methods of analysis and outcomes were specified in advance. Bias due to unrepresentativeness of cases and controls was considered low when patients were recruited consecutively, medium when this was not clearly described and high when the sample did not seem representative. Handling complete outcome data was considered low when missing data was scarce (<10%) or sensitivity analyses or imputation were applied, medium when this was unclear or only complete case analysis was applied and high when there was a significant amount of data missing that was likely not at random. 
[bookmark: _Toc74816999]
Results 
The database searches for studies identified 971 records after deduplication (Figure 1). Additionally, 2 papers were identified through screening of conference abstracts. No further studies were identified by screening reference lists of key reviews. Subsequently, 973 titles and abstracts were assessed, of which 958 were excluded because they did not meet the eligibility criteria. No studies were excluded because of the language requirements. For two studies the full text could not be obtained. Consequently, 13 full texts were screened, of which 9 studies were found to meet the eligibility criteria. Two study authors were contacted for clarification of data in their primary publication, neither of whom responded.  

Individual study characteristics are presented in Table 1. All studies were carried out between 2009 and 2016. The publication dates ranged from 2011 (20) to 2020 (21). Among the included studies there were four case-control studies (20, 22-24), one cohort study (21) and four cross-sectional studies (25-28). The studies were conducted in various countries: two in South-Africa (21, 25), one in Nigeria (26), three in Tanzania (20, 22, 23), one in Zambia (28), one in Guinea-Bissau (24) and one in both South-Africa and Zambia (27). Four of the studies were conducted in hospital settings (21, 22, 26, 28), three in community settings (24, 25, 27) and one in both hospital and community settings (20). Sample sizes ranged from 663 (26) to 90,601 (27). The mean or median age ranged from 26.5 (24) to 38.5 (23). All studies were conducted among both men and women (usually in similar proportions). The prevalence of HIV ranged from 5.2% in a Tanzanian study (23) to 67.3% in the study performed in hospitalised patients in Zambia (28).  

Different methods of DM ascertainment were used and most studies used more than one method. Most studies asked about doctor diagnosed DM and also used fasting blood glucose (FBG), fasting capillary glucose (FCG), random blood glucose (RBG), the oral glucose tolerance test (OGTT) or measurement of HbA1c to identify people with undiagnosed DM. The study by Senkoro et al. (23) only used self-reported DM status by patients and the study by Bates et al. (28) seemed to only report DM when this was the admission diagnosis to the hospital, although this was not clearly described. TB diagnosis was ascertained by sputum culture, sputum smear microscopy, chest radiography or nucleic acid amplification tests. The study by Sinha et al. (25) reported TB when a patient had one or more TB symptoms (cough, fever, night sweats or weight loss). As this was an inclusion criterion, all studies adjusted for age. Seven studies (20-23, 25-27) adjusted for sex and HIV. Other clinical factors adjusted for were BMI, hypertension and history of TB. Multiple studies also adjusted for socio-economic factors, such as household size, marital status, access to tap water/ energy and educational level. Four of the studies (20, 22, 24, 25) prespecified their set of confounders based on previous evidence, while four other studies (21, 23, 26, 27) used data-driven methods to establish their set of confounders. For one study (28), the model used is unclear from the publication. 

Effect of DM on TB risk 
[bookmark: _Hlk93138161]Individual study estimates are presented in Table 2. All studies reported an OR as the outcome measure for the association. Seven of the studies (20-22, 25-28) found a statistically significant elevated risk of TB among people with DM. The ORs ranged from 0.88 (95% CI 0.17-4.58) (24) to 10.7 (95% CI 4.5-26). (22). The pooled OR for the association between DM and TB was 2.77 (95% CI 1.90-4.05) (Figure 2). With the chi-squared test, significant heterogeneity was identified (I2 =57%; p=0.016). 

Estimates stratified by HIV status
Four studies stratified their estimates by HIV status (20-22, 27) (Table 3). All studies showed a positive association between TB and DM among both people who were HIV positive and those who were HIV negative. In none of the studies, the difference between the two groups was statistically significant. However, in two studies (20, 21), the association appeared stronger in HIV negative in comparison with HIV positive. However, in one study (27) the association appeared weaker in HIV negative. In the study by Boillat-Blanco et al. (22), the association appeared stronger in HIV positive for FCG and weaker for HbA1c. When the OGTT was applied, effect modification did not seem to occur. Interestingly, in the study by Faurholt-Jepsen et al. (20), the difference became significantly larger when the association was adjusted for alpha-1-acid glycoprotein levels, a marker of inflammation. 

Sensitivity analysis 
[bookmark: _Hlk93138742][bookmark: _Hlk93148113][bookmark: _Hlk93148171]The pooled OR did not change significantly in the sensitivity analyses with the alternative ORs from Kubjane’s (21) study at follow-up rather than commencement of TB treatment  (2.84, 95% CI 1.92-4.20); Sinha et al. (25), for clinical TB diagnosis based on fewer TB symptoms, (for ≥1 symptoms 2.71 95% and for ≥2 symptoms CI 1.73-4.23 and 2.72, 95% CI 1.80-4.13) and Faurholt-Jepsen et al. (20), for HIV positive participants, (2.85, 95% CI 1.88-4.32). However, in the study by Boillat-Blanco et al. (22), when the OR for DM ascertainment by the OGTT was included instead of the estimate for HbA1c, the pooled OR was somewhat attenuated; 2.34 (95% CI 1.85-2.95), and statistical heterogeneity disappeared (p=0.38; I2=6.9%).  A sensitivity analysis excluding the study by Senkoro et al. (23), which was the only study that used solely patient self-report to identify people with DM, resulted in a pooled OR of 2.75 (95% CI 1.85-4.11). In a sensitivity analysis excluding the study by Sinha et al. (25), that diagnosed TB based on symptoms, the pooled OR was slightly higher at 3.08 (95% CI 2.036-4.648).

Publication bias 
The funnel plot appears broadly symmetric (Figure 3). Consequently, these is no evidence that publication bias has influenced the outcomes.

Quality assessment 

Individual study risk of bias is shown in Figure 4. The definition of DM differed with some studies relying on self-report or medical records, which might misclassify many undiagnosed DM patients as non-DM. Three other studies (24, 25, 27) used random blood glucose measurement, which is not a recommended test to screen for DM (29), due to its low sensitivity (30). The study by Sinha et al. (25) only used presence of TB symptoms to diagnose TB, which is not specific and potentially leads to misclassification (31). Boillat-Blanco et al. (22) also included clinical diagnosis of TB. One hospital based study selected (28) patients presenting to the hospital with DM as the admission diagnosis, and compared TB risk with control patients admitted with a different non-communicable disease. By only selecting hospital cases, they likely included patients with more severe DM. In four studies (24-27), there was a non-response rate of above 20%, due to difficulty obtaining cases and controls, and two studies (25, 28) did not report the non-response rate. While in many studies there was no description of handling incomplete outcome data, missing data was often low (<10%). As this was an inclusion criterion, all studies adjusted for age and also for other important confounders. 
2

2

[bookmark: _Toc74817000]Discussion
Summary of findings
This systematic review investigated the association between DM and TB risk in SSA. Seven out of nine studies reported a significant elevated TB risk in DM patients. The pooled OR for the association was 2.77 (95% CI 1.90-4.05). 

In line with previous evidence, the current review indicates a positive association between DM and TB. The review by Al-Rifai et al., from 2017, identified a strong positive association, and meta-analysis of the 44 studies included resulted in an overall OR of 2.00 (95% CI 1.78-2.24) (6). Another systematic review, by Hayashi et al. from 2018, also found a positive relationship between DM and TB; their pooled OR was 1.50 (95% CI 1.28-1.76) (7). However, both reviews identified significant heterogeneity between studies and only one African study was included (6, 7). Contrary to our findings, a similar review on the association between DM and TB in SSA by Bailey et al., could not draw a conclusion on the presence of any association between TB and DM in SSA, because it included only three studies of which one showed a significant positive association and another one did not (13). The authors concluded that the association between DM and TB may be different in an African population, possibly due to the high prevalence of HIV, poorer DM control and heterogeneity in DM phenotype and presentation (13). 

The association in the current African specific review appears to be consistent with that identified in previous global reviews, or possibly even slightly stronger. An explanation could be that DM is often less well controlled in patients in SSA, or that the patients with TB-DM recruited from SSA studies seemed to be younger than in previous reviews. Multiple studies have shown that poor glycaemic control is associated with a higher TB risk (10). However, caution should be taken to conclude this based on the limited amountnumber of studies included. 

Congruent with the previous review by Bailey et al., the current review could not draw a strong conclusion on the presence and magnitude of effect-modification by HIV (13). Two of the four studies included for this sub-focus showed a stronger estimate in HIV negative, and one a weaker. In the last study, this depended on which diagnostic test was used for DM. However, the association between DM and TB appeared to be present in both HIV positive and negative people. 



Strengths and limitations of the review process
This review identified 9 eligible studies, compared to 3three studies in a former systematic review by Bailey et al. and therefore provides substantially more evidence (13). One additional study from the period in which the former review searched was identified and the other 5 papers were published more recently. Furthermore, an extensive search was performed using a sensitive search strategy, built and translated in consultation with an information specialist, in six different databases, including one global health and one African specific database. We also searched references of multiple key reviews and identified 2 studies from checking conference abstracts. To increase the robustness of the review, titles and abstracts and full text screening, data-extraction and quality assessment were performed by two researchers independently. Finally, possible reasons for heterogeneity were explored in sensitivity analyses, which showed that heterogeneity was driven mainly by one specific estimate from a single study. 

[bookmark: _Hlk93326219]A limitation of the review process is that the search for grey literature was restricted to screening conference abstracts. Additionally, only studies in English and French were included, but it is unlikely that this had an impact, since no studies were excluded because of this language restriction. However, studies not indexed in the main medical databases, for example grey literature in local languages, might have been missed by the search strategy. A number of studies were excluded due to lack of adjustment for age. However, studies that did not adjust for age mostly only reported unadjusted odds ratios, which could be biased. 

Strengths and limitations of the studies included 
[bookmark: _Hlk93480788]The most important limitations of the studies included concerned DM ascertainment, which was not always performed according to international guidelines. For example, the majority of the studies based DM diagnosis, either on patient self-report, or through only a single blood glucose or HbA1c measurement. Self-report is clearly insensitive in resource poor settings. However, when the only study that solely applied self-report as a measure for DM was excluded in a sensitivity analysis, the pooled OR did not change significantly. WHO recommends repeated blood glucose or HbA1c measurements at different time points to diagnose DM in those without classical DM symptoms (32). Since TB disease can result in hyperglycaemia, repeated measurements might be of even greater importance (33). The difference in diagnostic tests and cut-points used between studies also makes it difficult to compare the study outcomes and might lead to heterogeneity between studies. 

A strength of the included studies was that they all adjusted for age and other important confounders, such as sex and HIV status. Four of the studies additionally adjusted for socio-economic status, by measuring related factors such as income, access to energy and educational level. Since many factors related to a low socio-economic status, such as poor housing and crowded living conditions, are established risk factors for TB and DM, these studies may report more reliable results (32). No evidence of publication bias was found, which could be explained by the small body of literature available from SSA on the association, which makes it more likely that small studies with insignificant outcomes will be published. However, with only a small number of studies included, such conclusions should be interpreted with caution.

Implications 
This review implies that people with DM in SSA have an almost three times higher risk to be diagnosed with active TB disease in comparison to people without DM. While HIV is still the strongest risk factor for TB in SSA, DM likely also contributes to TB epidemiology (12). Since the prevalence of DM is increasing rapidly in SSA, this population effect is expected to become more profound over the next few decades. Currently, SSA is making good progress to reach the TB incidence milestone of the WHO’s end TB strategy, which is to reduce TB incidence rates by 80% by 2030 in comparison with 2015 (1). However, the increasing prevalence of DM could potentially affect the fast decline and threaten reaching the WHO’s end TB targets in SSA. 

The very young mean age of patients in the studies included was notable. Comorbidity of DM and HIV will likely become more prevalent as cohorts of people with HIV start to age in SSA. In addition, people with HIV have a higher risk of contracting DM, due to ART treatment (34). Because this and former reviews could not draw strong conclusions on the presence and magnitude of effect-modification by HIV, a key evidence gap remains whether HIV status modifies the association between DM and TB. To address this, more studies on the association between DM and TB that stratify by HIV status should be performed. These studies should have a larger number of participants, so that stratifying is justified, and may thus require the use of routine records, historically difficult in SSA. Importantly, these studies should specify whether HIV is treated or untreated and early or advanced, because these factors could potentially influence the association. 

Conclusions 
This systematic review implies that people with diabetes mellitus in Sub-Saharan Africa have an almost 3 times higher risk of developing active tuberculosis, in accordance with evidence from other continents. However, more research is needed to determine whether and how HIV modifies this relationship, in order to fully understand the potential future impact of rising DM prevalence on TB epidemics in SSA. 
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Table 1: Study characteristics of the studies included determining the association between diabetes mellitus and tuberculosis in Sub-Saharan Africa 


	First author, (year)
	Country, setting
	Study period 
	Study design
	Sample size
	DM ascertainment 
	TB ascertainment 
	Primary comparison
	Age mean/ median (sd/ IQR)
	HIV+ve number (%)
	Variables adjusted for

	Kubjane et al. (2020) (21)
	South-Africa, hospital

	July 2013 - August 2015 

	Cohort

	850

	FBG ≥7 mmol/L, HbA1c ≥6.5% or self-reported 

	Pulmonary TB, determined by GeneExpert

	Patients presenting to the clinic with respiratory symptoms with a negative GeneExpert and resolution of symptoms within 3 months without TB treatment
	38 (31-47)
	519 (61.1)
	Age, sex, HIV, hypertension, household size, income, previous miner, previous prisoner, marital status, work status 

	Sinha et al. (2018) (25)

	South-Africa, community 

	2010-2015 and 2015-2016

	Cross-sectional

	7708

	RBG >11.0 mmol/l or self-reported

	Pulmonary TB, determined by presence of  one or more of the following TB symptoms: cough of any duration, fever of any duration, weight loss, night sweats 
	All participants without DM 

	42.6 (20.5)
	837 (10.9)
	Age, sex, HIV, receipt monthly grant, access to tap water, access to toilet, access to solar/electric energy

	Lawson et al. (2017) (26)

	Nigeria, hospital

	NR
	Cross-sectional

	663

	HbA1c >6.4% or self-reported in interview

	Pulmonary TB, determined by sputum culture 

	Patients presenting to the clinic with presumptive TB (cough>2 weeks) without DM 
	37.8 (12.6)
	184 (45.9)
	Age, sex, HIV status 
 

	Boillat-Blanco et al. (2016) (22)
	Tanzania, hospital 

	June 2012 - December 2013

	Case-control

	1035

	Repeated measure FCG ≥7.0 mmol/l, OGTT ≥11.1 mmol/l, HbA1c ≥6.5% or history of and treatment for DM
	New active TB, determined by sputum smear microscopy, chest radiography or clinical diagnosis
	Sex and age-matched controls selected from adults accompanying patients other than the included patients 

	36.3 (12.5)
	232 (22.7)
	Age, sex, BMI, HIV, socio-economic status 
 

	Senkoro et al. (2016) (23)

	Tanzania, setting not reported

	NR

	Case-control

	7163

	Self-reported 

	Pulmonary TB, confirmed with positive sputum culture or at least 2 smear positive results for AFB or one smear positive for AFB and chest X-ray 

	All participants with presumptive TB who are bacteriologically negative and a random sample of people without presumptive TB

	38.5 (17.5)
	313 (5.2)
	Age, sex, history of previous TB, BMI, HIV 






	Bailey et al. (2016) (27)
	Zambia and South-Africa, community 

	January 2010 - December 2010

	Cross-sectional

	90,601

	RBG >11 mmol/l

	Pulmonary TB, determined by sputum culture, confirmed with RNA sequencing
	All participants without DM 

	301
	6517 (7.2)
	Age, sex, household economic position, education, BMI, HIV status, geographical location

	

Haraldsdottir et al. (2015) (24)

	

Guinea-Bissau, community 

	


July 2010 - July 2011

	


Case-control

	



700

	



RBG ≥7 mmol/l at inclusion confirmed with 2 FBG >7 mmol/l or registered at DM clinic

	



Pulmonary TB, determined by sputum smear microscopy or chest radiography plus relevant, signs, symptoms and chest radiography changes after ineffective antibiotic treatment 
	


Non-TB controls, identified by random selection of houses in the study area 

	



26.51
	



NR
	



Age, sex, BMI
 

	Bates et al. (2012) (28)

	Zambia, hospital 

	September 2010 - December 2011
	Cross-sectional

	964 (275 with NCD)

	DM as admission diagnosis to hospital
	Pulmonary TB, determined by sputum microscopy and culture 
	Participants with a NCD (except DM) as admission diagnosis
	35 (28-43)
	606 (67.3)
	Age, HIV


	Faurholt-Jepsen et al. (2011) (20)

	Tanzania, hospital and community 

	April 2006 - January 2009

	Case-control

	1221

	FBG>6 mmol/L or OGTT>11 mmol/L

	Pulmonary TB, confirmed with sputum smear microscopy and sputum culture 
	Randomly selected sex and age-matched controls living in same neighbourhood 

	34.3 (12.0)
	382 (33.1)1
	Age, sex, HIV, socio-demography2


	Abbreviations: DM: diabetes mellitus, TB: tuberculosis, FBG: fasting blood glucose, HbA1c: glycosylated haemoglobin, HIV: human immunodeficiency virus, RBG: random blood glucose, NR: not reported, FCG: fasting capillary glucose, OGTT: oral glucose tolerance test, BMI: body mass index, AFB: acid fast bacilli, NCD: non-communicable disease 

1: The age mean/median was not reported by the study authors, but calculated by the researchers for the purpose of this review. 
2: This study also presented a model which additionally adjusted for serum alpha-1-acid glycoprotein, because it was uncertain whether this was a confounder or whether it was on the pathway between DM and TB risk, the model that did not control for this was chosen. 



	

	Table 2: Individual study estimates of the unadjusted and adjusted odds ratios of active tuberculosis comparing DM prevalence in TB cases and non-TB controls in Sub-Saharan Africa 


	First author, (year) 
	Method of DM diagnosis
	Number (%) of TB cases with DM
	Number (%) of non-TB controls with DM 
	Unadjusted OR of active TB (95% CI)
	Adjusted OR of active TB (95% CI) 

	Kubjane et al. (2020) (21)
	FBG, HbA1c, self-reported 
	At enrollment: 49 (11.9)
After follow-up: 28 (9.3)
	38 (8.7)
27 (8.1)
	Not reported
	2.8 (1.5-5.3)1
3.3 (1.5-7.3)

	Sinha et al. (2018) (25)

	RBG, self-reported

	>1 TB symptom2
>2 TB symptoms 
>3 TB symptoms   
	Not reported
	Not reported
	1.36 (1.11-1.67)
1.47 (1.13-1.91)
1.69 (1.11-2.57)1

	Lawson et al. (2017) (26)
	HbA1c, self-reported 
	26 (23.0)
	36 (12.1)
	2.39 (1.35-4.24)
	3.10 (1.62-5.94)1

	Boillat-Blanco et al. (2016) (22)
	FCG
OGTT 
HbA1c 
	24 (4.5)
36 (6.8)
49 (9.3)
	6 (1.2)
15 (3.1)
11 (2.2)
	4.2 (1.7-10.3)
2.9 (1.5-5.4)
6.5 (3.3-12.9)
	10.6 (3.2-4.1)3
3.7 (1.6-8.3)
10.7 (4.5-26)1

	Senkoro et al. (2016) (23)
	Self-reported 

	4 (2)
	45 (1)
	3.1 (0.6-16.4)
	3.4 (0.8-14.2)1

	Bailey et al. (2016) (27)
	RBG 

	15 (3.5) 
	712 (1.8)
	Not reported 
	2.15 (1.17-3.94)1

	Haraldsdottir et al. (2015) (24)
	RBG, FBG, registered at DM clinic
	3 (2.8)
	11 (2.1)
	Not reported 
	[bookmark: _Hlk71556981]0.88 (0.17-4.58)1

	Bates et al. (2012) (28)

	DM as admission diagnosis to hospital
	4 (20.0)
	15 (5.9)
	4.00 (1.19-13.5)
	6.57 (1.71-25.30)1

	Faurholt-Jepsen et al. (2011) (20)
	FBG and OGTT
	134 (16.7)
	33 (9.4)
	2.2 (1.5-3.4)
	HIV - : 2.14 (1.32-3.46)1
HIV + : 2.05 (0.68-6.29)

	
Abbreviations: DM: diabetes mellitus, TB: tuberculosis, OR: odds ratio, FBG: fasting blood glucose, HbA1c: glycosylated haemoglobin, RBG: random blood glucose, FCG: fasting capillary glucose, OGTT: oral glucose tolerance test
1: These are the ORs that were included in the main meta-analysis. 
2: The number of cases and controls was not reported by the study authors.
3: This is an incorrect confidence interval that was reported by the study authors.





	Table 3:  Individual study estimates of the adjusted odds ratios of active tuberculosis comparing DM prevalence in TB cases and non-TB controls in Sub-Saharan Africa, stratified by HIV status. 

	
	
	HIV uninfected
	
	HIV infected

	First author, (year)
	Method of DM diagnosis
	Adjusted OR of active TB (95% CI)
	
	Adjusted OR of active TB (95% CI)

	Kubjane et al. (2020) (21)
	FBG, HbA1c, self-reported 
	3.5 (1.2-9.8)
	
	2.4 (1.0-5.3)

	Boillat-Blanco et al. (2016) (22)
	FCG
OGTT
HbA1c
	8.8 (2.1-36.6)
3.8 (1.4-10.5)
19.3 (6.1-61.0)
	
	17.1 (1.6-179.4)
3.8 (1.0-15.3)
4.7 (1.1-20.8)

	Bailey et al. (2016) (27)
	RBG
	1.90 (0.89-4.04)
	
	5.34 (1.56-18.23)

	Faurholt-Jepsen et al. (2011) (20)
	FBG and OGTT 
	2.14 (1.32-3.46)1
4.23 (1.54-11.57)2
	
	2.05 (0.68-6.19)1
0.14 (0.01-1.81)2

	
Abbreviations: DM: diabetes mellitus, TB: tuberculosis, FBG: fasting blood glucose, HbA1c: glycosylated 
haemoglobin, FCG: fasting capillary glucose, OGTT: oral glucose tolerance test, RBG: random blood glucose
1: This estimate resulted from model 1 that adjusted for age, sex, HIV and socio-demography.
2: This estimate resulted from model 2 that additionally adjusted for serum alpha-1-acid glycoprotein levels






Figure 1: Flow diagram of the identification and selection of studies investigating the association between diabetes mellitus and tuberculosis in Sub-Saharan Africa. 
Identification of studies 


[bookmark: _GoBack]Records identified from:
PubMed (n=368)
Embase (n=807)
CINAHL (n=82)
WoS (n=351)
Global Health (n=188)
African Index Medicus (n=18)


Duplicate records (n = 843 )

Identification




Records identified from conference abstracts (n=2)


Records screened
(n = 973 )



Records excluded based on titles and abstracts (n = 958 )
Screening



Reports sought for retrieval
(n =15 )


Full text articles excluded (n=4)
No risk estimate DM/TB (n=1 )
Not adjusted for age (n=2)
Duplicate (n=1)
No full text obtained (n=2) 



Studies included in review
(n = 9)

Included




 


[image: ]Figure 2: Forest plot of the meta-analysis of the association between DM and TB in Sub-Saharan Africa




Figure 3: Funnel plot of the studies included investigating 
the association between DM and TB in Sub-Saharan Africa
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	Figure 4: Risk of bias of the studies that were included, assessed by the researchers.
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	Green: low risk of bias, orange: medium risk of bias or unclear, red: high risk of bias 
1: This study was a cohort study with a follow-up rate of 75% after 3 months of follow-up.
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