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Prevalence of cardiovascular risk
factors in active tuberculosis

in Africa: a systematic review
and meta-analysis
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Felix Bongomin?®

People with tuberculosis (TB) are at risk of major adverse cardiovascular events. We estimated the
prevalence of cardiovascular risk (CVR) factors among people with active TB in Africa. This was a
systematic review and meta-analysis of studies from Africa. We searched EMBASE, MEDLINE through
PubMed, Web of Science, the Cochrane Central Register of Controlled Trials, mRCTs, Clinical trials.gov,
and International Clinical Trials Registry Platform from inception to 31st December 2021. Among 110
eligible studies, 79 (238,316 participants) were included in the meta-analysis for smoking, 67 (52,793
participants) for current alcohol use, 30 (31,450 participants) for hazardous alcohol use, 51 (37,879
participants) for diabetes mellitus (DM), 19 (18,211 participants) for hypertension and 18 (13,910
participants) for obesity. The pooled prevalence was 26.0% (95% confidence interval 22.0-29.0) for
smoking, 30.0% (25.0-35.0) for any current alcohol use, 21.0% (17.0-26.0) for hazardous alcohol

use, 14.0% (9.0-18.0) for hypertension, 7.0% (6.0-9.0) for DM, and 4.0% (2.0-5.0) for obesity. Cost-
effective strategies are needed to screen for CVR factors among people with active TB in Africa.

The global burden of cardiovascular disease (CVD) has nearly doubled in the last two decades from 271 to 523
million cases between 1990 and 2019". In Africa, the burden of CVD has increased due to the rise in traditional
cardiovascular risk (CVR) factors®. CVD accounts for 13% of all deaths and 37% of non-communicable disease-
related deaths in sub-Saharan Africa’. At the same time, the region is still grappling with a high incidence of
infectious diseases such as HIV and tuberculosis (TB). Accordingly, a convergence of cardiovascular and infec-
tious diseases is observed in African countries®.

Africa contributed 25% of the global TB cases in 2019°. The interaction between TB and CVD is complex.
Latent TB infection increases the risk of hypertension independent of body mass index, HIV infection and
serum cholesterol®. Mycobacterium tuberculosis can also directly cause myocarditis, aortitis and pericarditis’.
As such, people with active TB have a 51% higher risk for major adverse cardiovascular events than controls®.
Several observational studies show that people with active TB are at a higher risk of ischemic stroke’, myo-
cardial infarction'?, peripheral artery disease'!, deep venous thrombosis, pulmonary embolism and venous
thromboembolism'? There is need to characterise the burden of CVD risk factors among people with active TB
because CVD risk factors can synergistically increase the risk for CVD-related mortality among these people.
Moreover, CVD accounts for 20% of deaths among survivors of TB after TB treatment completion®®. On the
one hand, CVR factors such as smoking'*'®, alcohol use'®!” and diabetes mellitus (DM)'®!° are risk factors for
TB infection and poor TB outcomes. On the other hand, obesity is protective against TB infection and adverse
outcomes??!.,

While the prevalence of DM in TB in Africa is estimated at 7.7-9.0%>?*, the burden of other CVR factors
in active TB in Africa is not well characterised. Determining the burden of CVR factors in active TB in Africa
informs the need, if any, of integrating CVR scoring and risk modification interventions in routine TB care. We,
therefore, determined the prevalence of CVR factors among people with active TB in Africa.
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Methods

Search strategy and selection criteria. We performed a systematic review and meta-analysis of studies
reporting the prevalence of CVR factors among people with active TB in Africa. The CVR factors of focus were
hypertension, DM, dyslipidaemia (lipid abnormalities), obesity, physical inactivity, alcohol use and smoking.
The study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines?. The study protocol was developed following the PRISMA-P guidelines® and registered
on PROSPERO (registration number: CRD42021245395).

We searched for all studies published from inception to 31st December 2020 and later updated the search
to 31st December 2021 (Supplementary Material Table 10). The following databases were comprehensively
searched: EMBASE, MEDLINE through PubMed, Web of Science, the Cochrane Central Register of Controlled
Trials (CENTRAL), mRCTs, Clinical trials.gov, and International Clinical Trials Registry Platform (ICTRP). The
following medical subject headings (MeSH) terms were used: “prevalence” OR “incidence” OR “burden” AND
“hypertension’, “diabetes”, “pre-diabetes”, “cardiovascular risk factors”, “metabolic syndrome” “hyperlipidaemia’,
“dyslipidemia’, “cholesterol”, “hypercholesterolemia’, “low density lipoprotein’, “triglycerides’, “alcohol”, “smok-
ing’, “cigarette”, “obesity”, “overweight”, “physical inactivity”, AND “tuberculosis”, “TB”, “PTB”, AND “Africa” OR
the individual names of the African countries. The search was limited to studies published in English and French;
the predominant languages used in Africa.

We included prospective, cross-sectional, retrospective, and interventional studies reporting the prevalence
(or for which the proportion could be calculated) of any of hypertension, DM, lipid abnormalities, obesity, physi-
cal inactivity, alcohol use and smoking among people with active TB in Africa. We excluded case reports, case
series with subjects less than 10, opinion papers, qualitative research, letters to the editor, comments, conference
proceedings, policy papers, reviews and meta-analyses, study protocols without baseline data, and animal studies.

After the database search, duplicates were removed using the Healthcare Databases Advanced Search program
(National Institute for Health and Care Excellence, UK). Thereafter, articles were reviewed by title and abstract
by two reviewers (JBB and RO) to remove articles that are unrelated to the study question. The full text of the
articles that passed this initial screen were then retrieved and assessed by two investigators independently (JBB
and FB) (Supplementary Table 7). Any disagreements were resolved by consensus. Data were extracted by three
independent reviewers (JBB, FB and RO) with Microsoft Excel using a data abstraction form. The form captured
study design, year of publication, number of participants, country where the study was conducted, type of TB
by drug resistance profile, criteria used for classifying individuals as having a given CVR factor and reported
prevalence (or proportion) of the CVR factors. Any variation in the extracted data by the reviewers was discussed
and resolved by consensus.

The primary study outcome was the prevalence of any current alcohol use, smoking, hypertension, DM, lipid
abnormalities, obesity and physical inactivity among people with active TB in Africa. Hypertension was defined
as a systolic blood pressure (SBP) =140 mmHg and/or diastolic blood pressure (DBP) =90 mmHg or use of
anti-hypertension medication or “known patient with hypertension” Obesity was defined as a body mass index
(BMI) of =30 kg per m?. DM was defined as glycated haemoglobin (HbA1c) level = 6.5% or fasting blood sugar
(FBS) =126 mg/dl or 2 h plasma glucose of >200 mg/dl after oral glucose tolerance test or random blood sugar
(RBS) > 11.1 mmol/l with symptoms of DM or use of DM medication. Hazardous alcohol use was operation-
ally defined a posteriori as any of: daily use of alcohol, consumption of alcohol on >3 days of the week, studies
describing users as "chronic drinker”, “misusing alcohol’, or reporting a prevalence of “alcoholism", alcohol
dependence measured by the Mini International Neuropsychiatric Interview, Alcohol Use Disorders Identifica-
tion Test (AUDIT) score of > 8%, and the cut down, anger, guilt and eye-opener (CAGE) questionnaire score of
>2%. Any history of smoking was considered in estimating the prevalence of smoking.

Using a tool by Hoy et al.?® for assessing risk of bias in prevalence studies, two independent reviewers (RO
and FB) evaluated the quality of the studies for risk of bias and risk was graded as low (>8), moderate (5-8) and
high (<5) (Supplementary Table 6).

Statistical analysis. Data were analysed using STATA 16.0 (StataCorp LLC, Texas, USA). Heterogeneity
of the data was assessed using the Q statistic and I index and the corresponding p-value. Heterogeneity was
considered as low (I*=0-25%), moderate (I?=26-50%), or high (I*>50%). Depending on the heterogeneity of
the data, random-effect (for 12>50%) or fixed-effect (for [?<50%) models were used to determine the pooled
prevalence of a given CVR factor presented as a proportion and the corresponding 95% confidence interval. For-
est plots were used to present the results of the meta-analysis. Publication bias was assessed visually using funnel
plots and statistically using Egger’s regression test. We further determined whether the observed asymmetry was
due to publication bias via enhanced-contour funnel plots after the trim-and-fill method. A sensitivity analysis
was performed for the prevalence of a given CVR by region, among studies within the funnel plot (Supplemen-
tary Material: Figs. 1-6), among people with drug resistant TB (DRTB), and risk of bias of the study. We further
performed meta-regression analyses to assess sources of heterogeneity (Supplementary Material: Table 8). A
two-tailed p <0.05 was considered statistically significant.

Results

Study characteristics. We identified 110 eligible studies (Supplementary Fig. 7). The mean (standard devi-
ation) risk of bias score was 7.9 (1.4). Majority of studies (63.6%, 70/110) had a score of > 8. The study summary
statistics are shown in Table 1. Among these studies, 79 (238,316 participants) were included in the meta-analy-
sis for smoking, 67 (52,793 participants) for current alcohol use, 30 (31,450 participants) for hazardous alcohol
use, 51 (37,879 participants) for DM, 19 (18,211 participants) for hypertension and 18 (13,910 participants) for
obesity. Two studies (4320 participants)®** reported on lipid abnormalities and another two studies®** reported
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Cardiovascular Pooled prevalence | 95% confidence | Heterogeneity

risk factor No. studies | No. participants | (%) interval (CI) (%) | (I%) (%) Pheterogeneity | PEggers
Smoking

Overall 79 238,316 26 22-29 99.6 <0.001 0.005
Eigfies infunnel |5 199,641 22 21.8-22.2 4.01 <0.001 0.235
DRTB only 10 3751 27 16-37 98.4 <0.001

Southern Africa 35 219,397 30 25-36 99.7 <0.001

West Africa 16 10,294 18 10-25 99.3 <0.001

East Africa 23 7823 21 16-26 98.3 <0.001

Northern Africa 4 507 45 29-61 92.7 <0.001

Current alcohol use

Overall 67 52,793 30 25-35 99.5 <0.001 0.161
iﬂ)‘fies infunnel |5 4382 28 26-29 0.0 <0.001 0.421
DRTB only 10 3356 27 16-38 98.6 <0.001

Southern Africa 28 37,327 29 21-36 99.7 <0.001

West Africa 12 7502 29 15-43 99.6 <0.001

East Africa 24 7596 32 24-40 98.8 <0.001

Hazardous alcohol use

Overall 30 31,450 21 17-26 99.1 <0.001 0.001
iigtdies in funnel |5 3978 21 20-22 35.1 <0.001 0.535
DRTB only 3 733 15 2-28 97.1 <0.001

Southern Africa 17 26,586 21 16-27 99.3 <0.001

West Africa 3 1703 13 2-25 96.8 <0.001

East Africa 8 2793 22 11-33 98.6 <0.001

Diabetes

Overall 51 37,879 7 6-9 98.5 <0.001 <0.001
;}Etdies infunnel 1 g 10,922 4 44 0.0 <0.001 0.787
DRTB only 9 3587 7 2-12 97.6 <0.001

Southern Africa 19 19,029 6 4-7 94.2 <0.001

West Africa 11 6914 6 3-10 96.5 <0.001

East Africa 19 11,702 9 5-13 99.1 <0.001
Hypertension

Overall 19 18,211 14 9-18 99.1 <0.001 0.022
gigfies infunnel |, 6001 8 7.8-9.2 0.0 0.470 0.203
DRTB only 6 2008 13 4-22 97.3 <0.001

Southern Africa 11 14,601 14 8-19 99.3 <0.001

West Africa 4 2044 6 1-11 94.3 <0.001

East Africa 4 1566 22 12-33 96.5 <0.001

Obesity

Overall 18 13,910 4 2-5 97.0 <0.001 0.002
;‘gfies infunnel | g 1026 15 0.9-2.1 34.8 0.150 0.010
Southern Africa 10 9661 5 3-7 90.4 <0.001

West Africa 4 1962 5 1-10 98.0 <0.001

East Africa 4 2287 2 0-3 81.9 <0.001

Table 1. Summary Statistics for the prevalence of cardiovascular risk factors among people with active TB in

Africa.

data on physical inactivity (2247 participants). Therefore, meta-analyses for lipid abnormalities and physical
inactivity were not performed. Supplementary Tables 1-5 show characteristics of studies included in the meta-
analyses for each CVR factor.

Prevalence of smoking.

The pooled prevalence of any history of smoking was 26.0% (95% CI 22.0-29.0,

I?=99.6%, p<0.001) and ranged from 1.4% in Uganda® to 82.5% in South Africa**. Among people with DRTB,
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the pooled prevalence of smoking was 27.0% (95% CI 16.0-37.0, I?=98.4%, p < 0.001)***. The pooled prevalence
of any history of smoking was 45.0% (95% CI 29.0-61.0, ?=92.7%, p<0.001) in Northern Africa, 30.0% (95%
CI 25.0-36.0, =99.7%, p<0.001) in Southern Africa (Fig. 1), 21.0% (95% CI 16.0-26.0, I’=98.3%, p<0.001)
in East Africa, and 18.0% (95% CI 10.0-25.0, I?’=99.3%, p<0.001) in West Africa. One study in Central Africa
reported the prevalence at 30.0%*. Figure 2 shows the forest plot for the prevalence of smoking in Western, East-
ern, and Northern Africa. Among studies within the funnel plot, the pooled prevalence of smoking was 22.0%
(95% CI 22.0-22.0, P=4.0%, p<0.001). Similarly, among studies with low risk of bias, the pooled prevalence
was 22.0% (95% CI 14.0-31.0, ?=99.8%, p<0.001) and 27.0% (95% CI 23.0-31.0, F=99.1%, p <0.001) among
studies with moderate risk of bias.

Prevalence of alcohol use. The pooled prevalence of any current alcohol use (Fig. 3) was 30.0% (25.0-
35.0, ’=99.5%, p<0.001). The prevalence ranged from 3.3% in South Africa®* to 97.8% in another study from
South Africa®. In DRTB, the pooled prevalence of any current use was 27.0% (95% CI 16.0-38.0, =98.6%, p<
0.001)35:36:38:4042,434648-50 ° Across the regions, the pooled prevalence of any current alcohol use was highest in
East Africa but similar in other regions; that is, 32.0% (95% CI 24.0-40.0, I?*=98.8%, p<0.001) in East Africa,
29.0% (95% CI 21.0-36.0, ’=99.7%, p<0.001) in Southern Africa, and 29.0% (95% CI 15.0-43.0, ’=99.6%,
p<0.001) in West Africa. In Northern Africa, two studies reported a prevalence of 25.0-37.0%°"*2. For studies
within the funnel plot, the pooled prevalence of any current was 28.0% (95% CI 26.0-29.0, ’=0.0%, p <0.001).
Among studies with low risk of bias, the pooled prevalence was 29.0% (95% CI 20.0-38.0, =99.8%, p<0.001)
and 30.0% (95% CI 24.0-36.0, ’=99.2%, p <0.001) among studies with moderate risk of bias.

Prevalence of hazardous alcohol use. The pooled prevalence of hazardous alcohol use was 21.0% (95%
CI 17.0-26.0, P=99.1%, p<0.001). The estimates were similar among studies within the funnel plot, low and
moderate risk of bias. That is, 21.0% (95% CI 20.0-22.0, ’=35.1%, p<0.001) among studies within the funnel
plot, 21.0% (95% CI 16.0-25.0, =98.3%, p <0.001) in studies with low risk of bias, and 21.0% (95% CI 14.0-
29.0, ’=99.2%, p<0.001) in studies with moderate risk of bias. Only three studies®**** reported the prevalence
of hazardous alcohol use in DRTB with a pooled prevalence of 15.0% (95% CI 2.0-28.0, ’=97.1%, p=0.03).

Prevalence of DM. The pooled prevalence of DM (Fig. 4) was 7.0% (95% CI 6.0-9.0, ?=98.5%, p <0.001).
The prevalence of DM ranged from 1.0% in studies from Uganda®’, Mozambique®* and Cameroon® to 37.2%
in Kenya®®. However, Mburu et al.’® used HbAlc of >6.0% as the cut-off for defining DM in Kenya. Among
patients with DRTB, the pooled prevalence was also 7.0% (95% CI 2.0-12.0, ’=97.6%, p < 0.001)35-3739:42:4448,57,
The pooled prevalence of DM was highest in East Africa at 9.0% (95% CI 5.0-13.0, ’=99.1%, p<0.001) and
was similar in West Africa (6.0% (95% CI 3.0-10.0, I?’=96.5%, p <0.001)) and Southern Africa at 6.0% (4.0-7.0,
I’=94.2%, p<0.001). In Northern Africa, the prevalence of DM was reported by two studies at 16.5%' and
15.7%8. The pooled prevalence of DM was 4.0% (95% CI 4.0-4.0, >=0.0%, p <0.001) among studies within the
funnel plot. Among studies with low risk of bias, the pooled prevalence was 8.0% (95% CI 6.0-10.0, I?=96.8%,
p<0.001) and 7.0% (95% CI 5.0-10.0, ’=98.5%, p <0.001) among studies with moderate risk of bias.

Prevalence of hypertension. The pooled prevalence of hypertension (Fig. 5) was 14.0% (95% CI 9.0-18.0,
I?=99.1%, p<0.001). The prevalence of hypertension ranged from 0.3% in Mozambique® to 37.0% in South
Africa®. The prevalence in DRTB was 13.0% (95% CI 4.0-22.0, >*=97.3%, p<0.001) in six studies®”#24448:57.60,
East Africa had the highest pooled prevalence of hypertension at 22.0% (95% CI 12.0-33.0, I*=96.5%, p <0.001)
followed by Southern Africa at 14.0% (95% CI 8.0-19.0, ?*=99.3%, p<0.001) and West Africa at 6.0% (95% CI
1.0-11.0, *=94.4%, p<0.001). Among studies within the funnel plot, the pooled prevalence of hypertension
was 9.0% (95% CI 8.0-9.0, I*=0.0%, p<0.001). Among studies with low risk of bias, the pooled prevalence was
14.0% (95% CI 10.0-18.0, I’=98.9%, p <0.001) and 13.0% (95% CI 4.0-23.0, ’=98.5%, p <0.001) among studies
with moderate risk of bias.

Prevalence of obesity. The pooled prevalence of obesity was 4.0% (95% CI 2.0-5.0, 2=97.0%, p<0.001)
(Fig. 6). The prevalence ranged from 0.4% in Eritrea® to 14.0% in Nigeria®. One study reported a prevalence
of 7.0% (95% CI 5.0-8.0) among people with DRTB?. The pooled prevalence of obesity in Southern Africa was
5.0% (95% CI 3.0-7.0, *=90.4%, p<0.001), 5.0% (95% CI 1.0-10.0, *=98.0, p<0.001 ) in West Africa and 2.0%
(95% CI0.0-3.0, I>=81.9%, p<0.001) in East Africa. The pooled prevalence of obesity was 2.0% (95% CI 1.0-2.0,
I?=34.8%, p=0.150) among studies within the funnel plot. Among studies with low risk of bias, the pooled
prevalence was 5.0% (95% CI 3.0-7.0, P=97.6%, p<0.001) and 2.0% (95% CI 1.0-3.0, F=77.3%, p<0.001)
among studies with moderate risk of bias.

Prevalence of lipid abnormalities and physical inactivity. With regards to lipid abnormalities, 67%
of people with TB had low high density lipoproteins in Nigeria®® while only 1.7% self-reported any lipid abnor-
malities in South Africa®. Physical inactivity, defined as a sedentary occupation and “no physical exercise”, was
reported in 49.8% of people with TB in Nigeria and 69.9% in Tanzania, respectively®"*. In the study from Nige-
ria, 32.9% had moderate activity and 17.3% had occupations associated with vigorous activity.

Heterogeneity and publication bias. There was high heterogeneity (I*>50%) in the estimation of the
pooled prevalence of all CVR factors (Table 1) except for studies within the funnel plots. In the meta-regression
analysis (Supplementary Material Table 8), there were significant differences in the prevalence of hypertension
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Prevalence Weight

Study with 95% ClI (%)
Southern Africa

Azee et al. (2018) 0.28[ 0.25, 0.31] 297
Lam et al. (2013) 0.26[ 0.23, 0.29] 2.96
Ugarte-Gil et al. (2020) 8 082[ 0.78, 0.87) 2.95
Pizzol et al. (2017) [ ] 0.07 [ 0.04, 0.10] 2.97
Whitehouse et al. (2019) 1] 0.31[ 0.28, 0.34) 297
Sitas et al. (2004) W 0.52[ 0.47, 0.57] 293
Louwagie et al. (2013) i 0.22[ 0.20, 0.24] 2.98
Segafredo et al. (2019) ] 0.12[ 0.11, 0.13] 2.99
Watermeyer et al. (2018) —il— 0.35[ 0.24, 0.47) 265
Isralls et al. (2021) L 3 0.34[ 0.29, 0.38] 2.93
Wessels et al. (2019) - 0.14[ 0.07, 0.21] 2.86
Gunasekera et al. (2020) [l 0.13[ 0.11, 0.16] 2.97
Otwombe et al. (2013) [ 0.23[ 0.20, 0.26] 2.97
Ngosa et al. (2016) . 0.35[ 0.19, 0.51] 2.38
Peltzer et al. (2013) [l 0.20[ 0.19, 0.21] 2.99
Murrison et al. (2016) |- 0.32[ 0.24, 0.40] 2.82
Brunet et al. (2011) B 0.50[ 0.45, 0.56] 2.90
Magee et al. (2017) -B- 0.21[ 0.13, 0.29] 2.80
Kubjane et al. (2020) B 0.22[ 0.18, 0.27] 295
Mitrani et al. (2021) e 0.30[ 0.23, 0.36] 2.88
Berkowitz et al. (2018) —— 0.15[-0.04, 0.35] 2.16
Stracker et al. (2019) E 3 0.39[ 0.34, 0.45] 291
Naidoo et al. (2013) i 0.26 [ 0.25, 0.28) 2.99
Nyasulu et al. (2015) B 0.45[ 0.35, 0.55] 2.73
Sonnenberg et al. (2000) R 3 0.46[ 0.41, 0.51] 293
Petersen et al. (2021) ) 0.49[ 0.45, 0.52] 2.96

Fwoloshi et al. (2018)
Sattar et al. (2014)

E 3 0.08[ 0.03, 0.12] 2.93
] 0.14[ 0.11, 0.16] 2.98
Dalton et al. (2012) k] 0.18[ 0.13, 0.22] 2.94
Kootbodien et al. (2018) = 0.22[ 0.22, 0.22] 2.99
Kufa et al. (2016) —— 0.33[ 0.09, 0.57] 1.90
Oni et al. (2017) B 0.22[ 0.18, 0.27] 2.95
Baik et al. (2020) = 0.40[ 0.37, 0.44] 2.96
Shangase et al. (2018) B 0.62[ 0.56, 0.69] 2.87
Zetola et al. (2021) o= 0.23[ 0.22, 0.25] 2.99
Heterogeneity: T° = 0.03, I* = 99.66%, H® = 290.51 ‘ 0.30[ 0.25, 0.36]

Test of 8, = 8;: Q(34) = 2720.17, p = 0.00
Testof 8 =0:z=10.81, p=0.00

Overall & 0.30[ 0.25, 0.36]
Heterogeneity: 1 = 0.03, I’ = 99.66%, H’ = 290.51
Test of 6, = 6;: Q(34) = 2720.17, p = 0.00

Testof 8 =0:z=10.81, p = 0.00

Test of group differences: Q,(0) = 0.00,p =.

oA
N
A
o
oo

Random-effects REML model

Figure 1. Forest plot showing the pooled prevalence of smoking among people with active TB in Southern
Africa.
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Prevalence Weight

Study with 95% CI (%)
Central Africa
Adegbite et al. (2020) 0.30[0.25, 0.35) 2.28
Heterogeneity: 1° = 0.00, I = .%, H’ = . : 0.30[0.25, 0.35)
Testof 6, =6;: Q(0) =0.00,p=.
Testof 8=0:z=11.29, p = 0.00
East Africa
Van't Hoog et al. (2013) - 0.28[0.23, 0.34] 227
Kirenga et al. (2015) ] 0.01[0.00, 0.03] 235
Faurholt-Jepsen et al. (2012) 1.> 0.19[0.16, 0.21] 2.33
Kibirige et al. (2013) 0.25[0.19, 0.30] 2.28
Mollel et al. (2017) . 0.41[0.34, 0.49] 2.19
Gebrehiwet et al. (2019) i 0.11[0.04, 0.17] 225
Mulisa et al. (2015) E 3 0.13[0.09, 0.17] 2.31
Tola et al. (2015) | ] 0.08[0.05, 0.11] 2.33
Iradukunda et al (2021) R 0.21[0.15, 0.26] 2.26
Iweama et al. (2021) E 3 0.29[0.25, 0.34] 230
Mburu et al. (2018) E 3 0.29[0.24, 0.33] 229
Kassa et al. (2021) o 0.13[0.11, 0.16] 2.33
Mabula, et al. (2021) - 0.44[0.36, 0.52] 2.19
Boillat-Blanco et al. (2016) k3 0.28[0.24, 0.32] 2.31
Munseri et al. (2019) = 0.27[0.24, 0.31] 232
Mwiru et al. (2017) ' 0.21[0.17, 0.24] 2.32
Molalign et al. (2015) » 0.11[0.08, 0.14] 2.32
Sidamo, et al. (2021) —- 0.13[0.05, 0.20] 2.22
Nagu et al. (2017) E 3 0.11[0.07, 0.15] 2.31
Tuly, et al. (2021) ] 0.02[0.00, 0.04] 2.34
Wekunda et al. (2021) E B 0.47[0.41, 0.52] 2.26
Wotale, et al. (2021) [ ] 0.07[0.05, 0.10] 2.33
Baik et al. (2020) = 0.37[0.28, 0.46] 2.14
Heterogeneity: 1° = 0.02, I” = 98.27%, H* = 57.71 ‘ 0.21[0.16, 0.26]
Test of 6, = 6;: Q(22) = 1088.40, p = 0.00
Testof =0:z=7.78, p=0.00
Northern Africa
Assal, et al. (2021) —— 0.63[049, 0.76] 1.95
Farfhaly, et al. (2021) e 0.48[0.37, 0.58] 2.09
Racil et al. (2012) - 0.24[0.18, 0.30] 2.25
Ali et al. (2019) - 0.50[0.42, 0.57] 222
Heterogeneity: 1° = 0.02, I = 92.74%, H’ = 13.77 ‘ 0.45[0.29, 0.61]
Test of 6, = 6;: Q(3) = 47.03, p = 0.00
Testof 8 = 0: z=5.55, p = 0.00
West Africa
Asante-Poku et al. (2019) ] 0.07[0.07, 0.08] 2.35
Tiamiyu et al. (2020) L 0.05[0.01, 0.08] 2.32
Balkissou et al. (2015) E 3 0.11[0.06, 0.15] 2.30
Appiah et al. (2021) E 3 0.10[0.05, 0.14] 2.29
Ayeni, et al. (2021) | 0.09[0.07, 0.11] 2.34
Musuenge et al. (2020) - 0.57[0.51, 0.63] 2.27
Yorke et al. (2018) E 3 0.07[0.03, 0.11] 2.30
Adetifa et al. (2017) - 0.35[0.29, 0.41] 2.26
Tekie-Desta et al. (2018) R 3 0.07[0.03, 0.11] 2.30
Ekeke et al. (2017) | | 0.05[0.04, 0.06] 2.35
Hill et al. (2006) —— 0.28[0.19, 0.37] 2.16
Ade et al. (2015) E 0.11[0.06, 0.16] 2.29
Diande et al. (2019) o 0.28[0.26, 0.31] 233
Seegert etal. (2021) ] 0.23[0.20, 0.25] 2.34
Haraldsdottir et al. (2015) E 0.08[0.03, 0.13] 2.28
Kombila et al. (2017) E B 0.36[0.28, 0.43] 221
Heterogeneity: 7° = 0.02, I” = 99.29%, H” = 141.63 ‘ 0.18[0.10, 0.25]
Test of 6, = 8;: Q(15) = 891.24, p = 0.00
Testof 8=0:z2=4.75, p=0.00
Overall ’ 0.22[0.18, 0.27]
Heterogeneity: 1° = 0.02, I” = 99.06%, H’ = 106.02
Test of 8, = 6;: Q(43) = 2287.55, p = 0.00
Testof 8 =0:z=9.57, p=0.00
Test of group differences: Q,(3) = 16.14, p = 0.00

0 > a4 6 8

Random-effects REML model

Figure 2. Forest plot showing the pooled prevalence of smoking among people with active TB in East, West,
Northern and Central Africa.
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Prevalence  Weight

Study with 95% CI (%)
Hazardous alcohol use
Bhana et al. (2017) . 0.23(0.14, 0.33] 1.46
Balkissou et al. (2015) E 3 025[0.19, 0.31] 152
Wanyonyi et al. (2017) - 0.39[0.33, 045] 1.52
Kirenga et al. (2015) E ] 0.51[0.46, 0.56] 1.53
Lam etal. (2013) | | 0.05[0.03, 0.07] 155
Wessels et al. (2019) B = 0.25[0.17, 0.33] 1.48
Talbot et al. (2002) B = 0.56[0.48, 0.65] 1.49
Hayes-Larson et al. (2017) I=3 0.25[0.20, 0.29] 1.53
Conradie et al. (2013) 0.03[0.01, 0.05] 1.55
Louwagie et al. (2013) | | 0.19(0.18, 0.21] 155
Matseke et al. (2012) | | 0.23[0.22, 0.24] 155
Mulisa et al. (2015) E 3 0.27[022, 033] 152
Tola etal. (2015) L ] 0.19(0.15, 0.23] 153
Racil et al. (2012) - 0.25[0.19, 0.32] 151
Gunasekera et al. (2020) n 0.04[0.03, 0.06] 1.55
Peltzer et al. (2013) o 0.23[0.22, 0.24] 155
Peltzer et al. (2013) o 0.25[0.23, 0.26] 155
Murrison et al. (2016) 0.14[0.08, 0.20] 152
Ali etal. (2019) R B 0.37[0.30, 0.44] 151
Mitrani et al. (2021) e 3 027021, 0.33] 151
Boillat-Blanco et al. (2016) - 0.12[0.09, 0.14] 1.54
Naidoo et al. (2013) | | 0.22[020, 0.23] 155
O'Connell et al. (2013) = 0.28(0.24, 0.33) 153
Mwiru et al. (2017) | | 0.06[0.04, 0.08] 1.55
Seegert etal. (2021) 0.10(0.09, 0.12] 1.55
Soboka, et al. (2021) 0.11[0.07, 0.15] 154
Soboka, et al. (2021) 0.11[0.07, 0.15] 154
Dalton et al. (2012) 0.15[0.11, 0.19] 153
Haraldsdottir et al. (2015) 0.05[0.01, 0.08] 1.54
Zetola et al. (2021) 0.25[0.24, 0.27] 155
Heterogeneity: 1° = 0.02, I = 99.10%, H* = 111.44 0.21[0.17, 0.26]
Testof 8, = 6: Q(29) = 1829.91, p = 0.00
Testof8=0:2=9.16,p=0.00
Non-hazardous alcohol use
Asante-Poku et al. (2019) | | 0.78(0.77, 0.80] 1.55
Azee et al. (2018) | | 0.61[0.58, 0.64] 1.54
Van't-Hoog et al. (2013) E 3 0.47[041, 053] 152
Appiah et al. (2021) B & 066059, 0.74] 150
Ayeni, et al. (2021) | | 0.16(0.13, 0.19) 154
Musuenge et al. (2020) - 058(0.52, 064] 152
Muture et al. (2011) - 0.21[0.16, 0.26] 1.53
Pizzol et al. (2017) 0.12[0.08, 0.16] 1.54
Mollel et al. (2017) E = 0.52[0.44, 0.60] 1.49
Yorke et al. (2018) 0.15[0.09, 021] 152
Gebrehiwet et al. (2019) 1= 0.04[0.00, 0.08] 153
Churchyard et al. (2010) E 3 0.45(040, 0.51] 152
Segafredo et al. (2019) | ] 0.31[0.30, 0.32] 155
Iradukunda et al (2021) g 3 0.70[063, 0.77] 151
Iweama at al. (2021) = 0.45(0.40, 0.50) 1.53
Mburu et al. (2018) E ] 045039, 050 152
Otwombe et al. (2013) | | 0.28(025, 0.31] 154
Tekie-Desta et al. (2018) E 3 0.22[0.15, 0.29] 151
Kassa et al. (2021) | | 0.15[0.12, 0.18] 1.54
Magee et al. (2017) - 0.31[0.21, 0.40] 147
Kubjane et al. (2020) M0.98[0.96, 0.99] 155
Mabula, et al. (2021) E 3 0.76[0.69, 0.83] 151
Berkowitz et al. (2018) — 0.23[0.00, 0.46] 1.17
Zetola et al. (2012) n 0.07[0.04, 0.11] 154
Oumer, etal. (2021) - 0.20(0.16, 0.23] 154
Hill et al. (2006) 0.10(0.04, 0.16] 152
Munseri et al. (2019) | ] 0.40[0.37, 0.44] 154
Sonnenberg et al. (2000) t 3 056051, 0.61) 153
Diande et al. (2019) n 029(027,032] 154
Sidamo, et al. (2021) 0.19[0.10, 027) 1.48
Kufa et al. (2016) Ll— 047[021,072] 1.11
Nagu etal. (2017) ’ 0.12[0.08, 0.15] 1.54
Tulu, et al. (2021) | E 3 0.40[0.34, 046] 152
Kombila et al. (2017) - 0.16[0.11, 0.22] 152
Wekunda et al. (2021) L 3 0.53[0.47, 0.58] 152
Wotale, et al. (2021) = 0.32[0.27, 0.36] 153
Heterogeneity: T° = 0.05, I = 99.44%, H’ = 177.56 ’ 0.37[0.30, 0.45)
Test of 8, = 6,: Q(35) = 11594.24, p = 0.00
Testof 0 =0:2=9.61, p =0.00
Overall ’ 0.30[0.25, 0.35]
Heterogeneity: 1° = 0.04, I” = 99.54%, H’ = 219.66
Test of 8, = 6: Q(65) = 20054.34, p = 0.00
Testof 8=0:z=11.77,p = 0.00
Test of group differences: Q,(1) = 12.69, p = 0.00

5 1

Random-effects REML model

Figure 3. Forest plot showing the prevalence of alcohol use among people with active TB in Africa.
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Prevalence Weight
Study with 95% CI (%)
East Africa
Araia et al. (2021) 0.10[ 0.08, 0.12] 2.05
Kirenga et al. (2015) 0.05[ 0.02, 0.09] 1.90
Faurholt-Jepsen et al. (2011) 0.17[ 0.14, 0.19] 2.00
Kibirige et al. (2013) 0.08[ 0.05, 0.12] 1.94
Erisa, etal. (2021) i3 0.03[ 0.00, 0.05] 2.02
Iradukunda et al (2021) - 0.03[ 0.01, 0.06] 2.00
Nsonga et al. (2019) | | 0.02[ 0.02, 0.03] 2.09
Mburu et al. (2018) —M—037[ 032, 042] 1.78
Kebede et al. (2021) n 0.02[ 0.01, 0.03] 2.07
Kirubi, et al. (2021) n 0.02[ 0.01, 0.03] 2.08
Mabula, et al. (2021) 0.09[ 0.05, 0.14] 1.83
Boillat-Blanco et al. (2016) 0.09[ 0.07, 0.12] 2.01
Munseri et al. (2019) 0.10[ 007, 0.12] 2.02
Owiti et al. (2017) 0.05[ 0.03, 0.07] 2.03
Molalign et al. (2015) 0.04[ 0.02, 0.05] 2.04
Nagu et al. (2017) 0.08[ 0.05, 0.11] 1.94
Tulu, et al. (2021) 0.12[ 0.08, 0.15] 1.90
Wotale, et al. (2021) 0.27( 0.22, 0.32] 1.84
Baik et al. (2020) ] 0.01[-0.01, 0.03] 2.04
Heterogeneity: 1° = 0.01, I” = 99.07%, H* = 107.85 0.09[ 0.05, 0.13]
Test of 6, = 8;: Q(18) = 567.83, p = 0.00
Testof 8 =0:z=4.39, p=0.00
Northern Africa
Assal, et al. (2021) —-— 0.16( 0.06, 0.26] 1.25
Al etal. (2019) 0.16[ 0.11, 0.22] 1.75
Heterogeneity: ° = 0.00, I = 0.02%, H’ = 1.00 0.16[ 0.12, 0.21]
Test of 6, = 8;: Q(1) =001, p = 0.90
Testof 8=0:2=6.73,p=0.00
Southern Africa
Azee et al. (2018) n 0.04[ 0.03, 0.05] 2.07
Ugarte-Gil et al. (2020) 0.08( 0.04, 0.11] 1.95
Pizzol et al. (2017) n 0.01[-0.00, 0.02] 2.07
Whitehouse et al. (2019) [ ] 0.05[ 0.04, 0.07] 2.06
Segafredo et al. (2019) 0.06[ 0.05, 0.07] 2.08
Isralls et al. (2021) 0.05[ 0.03, 0.07] 2.03
Peltzer et al. (2018) 0.04[ 0.03, 0.05] 2.08
Kubjane et al. (2020) 0.12[ 0.09, 0.15] 1.96
Mitrani et al. (2021) 0.05[ 0.02, 0.08] 1.96
Pillay, et al. (2021) 0.03[ 0.02, 0.05] 2.06
Ncube et al. (2019) 0.08[ 0.06, 0.11] 2.00
Fwoloshi et al. (2018) 0.05[ 0.01, 0.08] 1.91
Sattar et al. (2014) 0.05[ 0.04, 0.06] 2.06
Dalton et al. (2012) 0.04[ 0.02, 0.06] 2.02
Oni et al. (2015) 0.12[ 0.09, 0.15] 1.95
Oni et al. (2017) 0.13[ 0.09, 0.16] 1.96
Umanah et al. (2015) 0.09[ 0.05, 0.14] 1.84
McEbula et al. (2017) 0.03[ 0.01, 0.05] 2.04
Baik et al. (2020) 0.04[ 0.02, 0.05] 2.06
Heterogeneity: 7" = 0.00, I = 94.17%, H* = 17.14 0.06 [ 0.04, 0.07]
Testof 6, = 0;: Q(18) = 154.57, p = 0.00
Testof 8 =0: z=8.08, p = 0.00
West Africa
Asante-Poku et al. (2019) [ ] 0.09( 0.08, 0.10] 2.07
Balkissou et al. (2015) 0.01[-0.00, 0.02] 2.06
Ayeni, etal. (2021) 0.08[ 0.06, 0.10] 2.03
Musuenge et al. (2020) | | 0.02( 0.00, 0.04] 2.05
Dayyab et al. (2021) — 0.03[-0.02, 0.08] 1.79
Yorke et al. (2018) 0.12[ 0.06, 0.17] 1.77
Lawson et al. (2017) 0.23[ 0.15, 0.31] 1.49
Ekeke et al. (2017) [ ] 0.09[ 0.08, 0.11] 2.07
Hill et al. (2006) e 0.03(-0.00, 0.06] 1.94
Ade et al. (2015) E 3 0.02[-0.00, 0.04] 2.03
Haraldsdottir et al. (2015) R 5 0.03[-0.00, 0.06] 1.96
Heterogeneity: ° = 0.00, I = 96.45%, H’ = 28.17 . 0.06 [ 0.03, 0.10]

Testof 8 = 8;: Q(10) = 190.31, p = 0.00
Testof 8 = =3.81,p=0.00

i

Overall

Heterogeneity: 1° = 0.00, I = 98.45%, H* = 64.62
Test of 8, = ;: Q(50) = 1002.66, p = 0.00
Testof =0:z=8.28,p=0.00

Test of group differences: Q,(3) = 18.41, p = 0.00

Random-effects REML model

0.07[ 0.06, 0.09]

Figure 4. Forest plot showing the prevalence of DM among people with active TB in Africa.
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Prevalence Weight

Study with 95% CI (%)
East Africa

Boillat-Blanco et al. (2016) 1T 0.08[ 0.06, 0.11] 535
Owiti et al. (2017) - 025[ 021, 029] 519
Nagu et al. (2017) - 022[ 017, 0.27] 5.08
Wotale et al. (2021) —J— 0234[ 029, 039] 511
Heterogeneity: T = 0.01, 1" = 96.51%, H' = 28.63 I 0.22[ 012, 0.33]

TestofB6 =6:Q(3)=116.49, p=0.00
Testof6=0:z=414, p=0.00

Southern Africa

Ugarte-Gil et al. (2020) ‘i 0.07[ 0.04, 0.10] 532
Pizzol et al. (2017) [ ] 0.00[ -0.00, 0.01] 5.42
Whitehouse et al. (2019) s 0.17[ 0.14, 0.19] 5.33
Segafredo et al. (2019) . 019[ 018, 0.20] 541
Isralls et al. (2021) 0.08[ 0.05 0.10] 5.33

mi

Peltzer et al. (2018)
Kubjane et al. (2020)

0.09[ 0.08 0.10] 541
- 0.18[ 0.14, 0.22] 523
Mitrani et al. (2021) N B 0.07[ 0.03, 0.10] 525
Oni et al. (2015) —J—0237[ 032, 042] 512
Oni et al. (2017) B 0.18[ 0.14, 022] 524

Umanah et al. (2015) - 0.11[ 0.06, 0.16] 5.1
Heterogeneity: 7° = 0.01, I’ = 99.29%. H' = 140.17 ’ 0.14[ 0.08, 0.19]

Test of 6, = 8 Q(10) = 1334.07, p = 0.00

Testof6=0:2=469, p=0.00

West africa

Musuenge et al. (2020) [ ] 0.02[ 0.00, 0.04] 539
Dayyab et al. (2021) - 0.03[-0.02, 0.08] 5.10
Ade et al. (2015) - 0.06[ 0.03, 0.10] 523
Seegert et al. (2021) ] 013[ 0.11, 0.14] 5.38
Heterogeneity: T = 0.00, I" = 94.39%, H' = 17.82 S - 0.06[ 0.01, 0.11]

Test 0f 6 = 6 Q(3) = 88.92, p = 0.00

Testof6=0:2=232 p=0.02

Overall < 0.14[ 0.08, 0.18]

Heterogeneity: 7" = 0.01, 1" = 99.14%,_ H = 116.82
Test of 8 = 6, Q(18) = 1626.91, p= 0.00
Testof6=0:2=592 p=0.00

Test of group differences: Q.{2)=8.75, p=0.01

Random-efiects REML model

Figure 5. Forest plot showing prevalence of hypertension among people with active TB in Africa.

and smoking across the regions of Africa. Current alcohol use also varied between studies that reported hazard-
ous and non-hazardous use. Visually, the funnel plots (Supplementary Fig. 8) were asymmetrical, suggesting
overall publication bias for the studies included in the meta-analyses. This was confirmed by Egger’s test for
smoking (p=0.005), hazardous alcohol use (p=0.001), DM (p <0.001), hypertension (p=0.022) and obesity
(p=0.002) but not current alcohol use (p=0.161). The enhanced-contour funnel plots after the trim-and-fill
method further demonstrated publication bias in the estimates for the prevalence of obesity and current alcohol
use (Supplementary Material Fig. 9 and Table 9).

Discussion

In this systematic review and meta-analysis, we have provided the first comprehensive estimates for the burden
of traditional CVR factors among people with active TB in Africa. The prevalence was 26.0% for smoking, 30.0%
for any current alcohol use, 21.0% for hazardous alcohol use, 14.0% for hypertension, 7.0% for DM, and 4.0%
for obesity. There was substantial heterogeneity in these estimates, and this could be explained by variations in
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Prevalence Weight
Study with 95% CI (%)

East Africa
Araia et al. (2021) i 0.00[ 0.00, 0.01] 6.45
Erisa, et al. (2021) —- 0.02[-0.00, 0.03] 5.90
Munseri et al. (2019) - 0.03[ 0.02, 0.05] 6.14
Owiti et al. (2017) E 3 0.02[ 0.00, 0.03] 6.24
Heterogeneity: 1° = 0.00, I = 81.92%, H® = 5.53 @ 0.02[ 0.00, 0.03]

Test of 8, = 6;: Q(3) = 19.58, p = 0.00
Testof8=0:2=252, p=0.01

Southern Africa

Ugarte-Gil et al. (2020) - 0.03[ 0.01, 0.04] 5.94
Wessels et al. (2019) — 0.05[ 0.01, 0.09] 4.21
tVeld et al. (2018) —— 0.06[ 0.02, 0.10] 4.24
Whitehouse et al. (2019) - 0.07 [ 0.05, 0.08] 6.02
Segafredo et al. (2019) ] 0.05[ 0.04, 0.06] 6.43
Kubjane et al. (2020) . 0.05[ 0.03, 0.07] 567
Bailey et al. (2016) 0.01[-0.01, 0.02] 6.15

Bailey et al. (2016)

Fwoloshi et al. (2018) —— 0.02[-0.01, 0.04] 5.60
s =
—m— 0.12[ 0.08, 0.16] 4.57

Oni et al. (2017) il 0.05[ 0.03, 0.07] 5.68
Heterogeneity: ° = 0.00, I° = 90.44%, H* = 10.46 Eas 0.05[ 0.03, 0.07]
Test of B, = 8;: Q(9) = 65.96, p = 0.00
Testof 8=0:2=5.18, p=0.00
West Africa
Tiamiyu et al. (2020) —@— 0.14[ 0.08, 0.20] 3.39
Appiah et al. (2021) —— 0.05[ 0.01, 0.08] 4.78
Yorke et al. (2018) - 0.01[-0.01, 0.02] 6.16
Seegert et al. (2021) = 0.01[ 0.00, 0.01] 6.45
Heterogeneity: 7° = 0.00, I” = 98.04%, H* = 51.12 i 0.05[-0.01, 0.10]
Test of 8, = 8;: Q(3) = 27.70, p = 0.00
Testof 06=0:z=1.56, p=0.12
Overall i 0.04 [ 0.02, 0.05]
Heterogeneity: 1° = 0.00, I = 97.02%, H” = 33.60
Test of 8, = 8;: Q(17) = 353.16, p = 0.00
Testof8=0:z=5.07, p=0.00
Test of group differences: Q,(2) = 8.14, p = 0.02

0 05 .1 15 2

Random-effects REML model

Figure 6. Forest plot showing prevalence of obesity among people with active TB in Africa.

the prevalence by regions of Africa and publication bias. Accordingly, East Africa had the highest prevalence of
hypertension and DM while Northern Africa had the highest prevalence of smoking. People with active DRTB
had comparable estimates in the prevalence of all CVR factors.

The prevalence of smoking and DM in this study is higher than what is reported in the general African popu-
lation for smoking (8.3%)%* and undiagnosed DM (3.9-5.4%)%. This is possibly because smoking® and DM*
are well established risk factors for active TB. Moreover, smoking interacts with DM to synergistically increase
the risk for TBY. The high prevalence of smoking and DM in active TB is concerning because both increase
the risk of adverse TB treatment outcomes'*®, It was interesting to observe similar prevalence of DM in DRTB
even when the criteria for the diagnosis of DM in DRTB was unknown in four of the five studies included in
the sub-analysis for DM?>*%%%7, Therefore, although the true burden of DM in DRTB in Africa remains largely
unknown, it is likely to be similar to that among people with susceptible TB. Our findings suggest a need for cost
effective strategies for screening for DM and smoking among people with active TB in Africa. The prevalence
of DM in active TB in our study is comparable to that reported by Alebel (9.0%)?, Noubiap (8.0%)* et al. in
Africa. For smoking, our estimate is slightly higher than the prevalence among people with TB in Bangladesh
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and Pakistan (23%) which are TB high-burdened countries®. This is likely because their study focused on daily
and current smoking only.

Our findings for the prevalence of hypertension and obesity are in agreement with the global estimates for
the prevalence of hypertension (0.7-38.3%)”° and obesity (5.9%) in active TB. However, these estimates are
lower than what is reported in the general population for hypertension (30.0-42.0%) and obesity (21.0%) in
Africa””%, A low prevalence of obesity in active TB should be expected since undernourishment accounts for
the most global TB cases® while obesity is protective against active TB*. With regards to hypertension, it is likely
that HIV, age and obesity status influence the blood pressure dynamics in TB. HIV has been associated with
25% lower risk for hypertension”. In our meta-analysis for hypertension, HIV co-infection was reported among
>30% of participants in eight of the twelve studies for which HIV status data were reported, although estimates
of hypertension by HIV status were not reported in most of the studies. Additionally, TB is predominantly a
disease of young individuals while hypertension is more prevalent in older individuals in Africa®”*. Despite the
relatively low prevalence of hypertension in active TB in Africa, screening is warranted due to the low levels of
hypertension awareness, treatment initiation and blood pressure (Bp) control in Africa”. The low rate of hyper-
tension treatment rates could explain why hypertension was most prevalent in East Africa—where the rate of
hypertension treatment is lowest in Africa”.

Estimating the prevalence of alcohol use in Africa is difficult. This is because the types of alcoholic drinks are
varied (often home brewed) and few studies use high-quality quantification of alcohol use’®. Further, over 60%
of “current drinkers” in Africa are heavy episodic drinkers (defined as consumption of =60 g of pure alcohol on
at least one occasion at least once per month)””. Therefore, our estimate of the prevalence of any current alcohol
use may not be very reliable. However, the estimate for hazardous alcohol use is likely to be more reliable. All
studies (except five) included in the analysis for hazardous alcohol use used validated tools or quantified alcohol
use by amount and/or frequency. Our estimate of hazardous alcohol use is similar to the prevalence of alcohol use
disorder among people with TB in Africa (24.0%) reported by Necho et al.”%. Alcohol use increases the risk for TB
infection'® and poor TB outcomes”. Therefore, the high prevalence of hazardous alcohol use suggests a need for
integrating validated tools in screening for alcohol use disorders among people at risk of TB and people with TB.

Our estimates should be interpreted in the context of some limitations. Firstly, there was significant hetero-
geneity and publication bias across most estimates. Therefore, the overall pooled estimates were over-estimated
particularly due to publication bias. Our sensitivity analyses showed lower prevalence among studies within the
funnel plots. Secondly, the prevalence for smoking may have been overestimated since any history of smoking
(other than current smoking only) was considered in the pooled prevalence. However, the CVR posed by smok-
ing is higher in former smokers than “never smokers””*#. Therefore, assessing for any history of smoking as a
CVR factor is justified. Moreover, half of the studies included in our analysis reported current smoking. Thirdly,
transient hyperglycaemia can confound the estimates for DM. In our analysis, two studies demonstrated a decline
in the prevalence of DM when measurements are taken at baseline and months into TB treatment*”*!. Other two
studies that assessed the prevalence at least a month into TB treatment report a prevalence of 2-3%%>%. Therefore,
transient hyperglycaemia could spuriously increase the prevalence of DM. Nonetheless, hyperglycaemia does
not resolve at follow-up in 50% of people with TB and hyperglycaemia at baseline®. More studies are needed to
determine whether transient hyperglycaemia in TB heralds new onset DM or predicts future risk for DM. Regard-
ing hypertension, none of the studies purposely set out to determine the prevalence of hypertension. Further,
some studies based the diagnosis on single blood pressure measurements®*®, and the criteria were unknown in
some other studies®**”%2. There is therefore a risk of selection and misclassification bias in the estimate for the
prevalence of hypertension. Nonetheless the range of the prevalence of hypertension in our analysis is similar to
that reported by Seegert et al.” in a global systematic review. Importantly, CVR factors in Africa may be different
to those in high-income countries. As such, the synergistic effect of aging, stress, illiteracy, poor health systems
and poverty on CVD in Africa needs to be further evaluated among people with active TB?*®.

Notwithstanding the limitations, this analysis provides the first comprehensive prevalence of most traditional
CVR factors among people with active TB in Africa. We further explored differences by TB drug resistance status
and regions of Africa in the sub-analyses. Moreover, our study provides an updated estimate for the prevalence
of DM in TB in Africa.

In conclusion, the prevalence of smoking, hazardous alcohol use and DM was high among people with TB in
Africa. The findings suggest a need for screening for these CVR factors in this population. Although the preva-
lence of hypertension was low relative to regional estimates, screening is warranted because of the low awareness
levels previously reported in the region. Prospective studies are needed to determine the role of CVR scoring
among people with TB to prevent future CVD. More studies evaluating the burden of lipid abnormalities and
physical inactivity among people with TB in Africa are needed as well.

Data availability
All data generated or analysed during this study are included in this article and its supplementary information
files.
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