Body mass index and tuberculosis risk – 
an updated systematic literature review and dose-response meta-analysis.
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Supplementary methods

Study selection. Where studies were considered potentially eligible by the two authors (MJS and JPC) screening studies, but the available data were not suitable in their published form, we contacted authors for clarifications and/or to request additional data. Specifically, we requested estimates of tuberculosis incidence in different body mass index (BMI) categories reported as the number of events/number of person-years follow-up; unadjusted and adjusted estimates of the incidence rate ratio (IRR) or hazard ratio (HR) for different BMI categories compared to a reference category; and the mean, standard deviation (SD), and range for BMI in the study population.

Where there were doubts about whether a study should be included, these were resolved in discussion with a third author (CFQ). We checked for overlap of study populations between articles to avoid double-counting. Where there was overlap, we included the article which either already reported data in the correct format; had a primary aim of exploring the relationship between nutritional status and tuberculosis; or had the longest follow-up.

Handling of BMI. To select a midpoint BMI “dose” corresponding to each relative risk (RR) for each BMI category to use in the dose-response meta-analysis, we used the median of 1,000 randomly drawn BMI values for each BMI category in each study, assuming that BMI in the overall study population followed a log-normal distribution (e.g. in the 18.0-25.0kg/m2 category for a given study, we randomly drew 1,000 values constrained between 18.0 and 25.0). We chose a log-normal distribution as we anticipated that overall BMI would be slightly positively skewed and this distribution was the best fit for BMI for studies where we had access to the raw data. Instead of simply taking the midpoint value in each category (as was done in the 2009 review)2, this approach allowed us to appropriately model the uncertainty in the true BMI value within each category while respecting the known distributional properties and boundaries of BMI measurements.   

The parameters for the log-normal distribution were calculated from the actual mean and standard deviation (SD) for BMI in the study population. Where these were missing, we estimated them from the median and interquartile range if these were available or used an optimisation function to fit a log-normal distribution to the proportions of study participants in different BMI categories. This function minimised the sum of the squared differences between observed and predicted category quantiles to estimate the distribution parameters. An example is shown in Box S1, illustrating that the estimated distribution parameters closely matched the actual distribution parameters where both were available. In three studies where this not possible (because there were only two BMI categories, and no distributional data were reported) we used a country-estimate of mean BMI from the NCD Risk Factor Collaboration (taking the year estimate closest to when the study was done)3 and an SD of four. The method used for each study is shown in Table S2. 

For the lowest and highest BMI categories (e.g. 30kg/m2) where we did not have a minimum or a maximum value, we assigned a minimum value of 10.0kg/m2 and a maximum of 50kg/m2 based on plausibility and the BMI ranges reported in other studies, except for two older military cohorts of young men where we used 10.0kg/m2 and 35.0kg/m2 as we did not anticipate obesity class II and III to be present in these two cohorts.  

To extract estimates of the mean BMI among underweight (<18.5kg/m2) and non-underweight (18.5kg/m2) people globally, we used the methods described above to fit a log-normal distribution to the proportions of people in different BMI categories reported by the Global Health Observatory.4 We then calculated the conditional mean BMIs in the two different groups.  


2

Box S1. Example of optimisation function to predict BMI distribution using Aibana et al. 20165Actual BMI distribution reproduced from raw data
Mean=26.6kg/m2; SD=4.77kg/m2
[image: A blue graph with numbers  Description automatically generated]

Fitted distribution using optimisation function from four derived BMI groups. 
Estimated mean=26.4kg/m2; Estimated SD=4.4kg/m2
BMI category
Number in category (n=7,606)
Proportion in category
<20.0kg/m2
360
4.7%
20-24.9kg/m2
2,853
37.5%
25.0-29.9kg/m2
2,783
36.6%
30.0kg/m2
1,610
21.2%

[image: A graph with a red line  Description automatically generated]
Note. The histogram represents uniformly randomly sampled values in the different BMI categories
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Table S1. Search terms

	Ovid MEDLINE(R) ALL <1946 to March 28, 2024>

	1	exp tuberculosis/	208800
2	mycobacterium tuberculosis/	58652
3	(tuberculosis or tb).ti,ab.	245652
4	or/1-3	307538
5	Malnutrition/	20445
6	Thinness/	8094
7	Wasting Syndrome/	1468
8	Nutrition Disorders/	18325
9	body weight/ or weight loss/	241972
10	body mass index/	151937
11	(undernutr* or malnutr* or underweight or nutri* or weight or wasting or thin or thinness or "body mass index" or bmi).ti,ab.	1905099
12	or/5-11	2031904
13	epidemiologic studies/ or cohort studies/ or prospective studies/	977163
14	(prospective or inciden* or risk or rate*).ti,ab.	6800263
15	or/13-14	7061957
16	4 and 12 and 15	4551
17	exp animals/ not humans.sh.	5207360
18	16 not 17	4331
19	limit 18 to yr="2008 -Current"	3220


	Embase <1980 to 2024 Week 12>

	1	exp tuberculosis/	215545
2	mycobacterium tuberculosis/	74725
3	(tuberculosis or tb).ti,ab.	234458
4	or/1-3	299694
5	Malnutrition/	77391
6	Underweight/	24300
7	Wasting Syndrome/	5054
8	Nutritional Disorders/	0
9	body weight/ or body weight loss/	464959
10	body mass/	667658
11	(undernutr* or malnutr* or underweight or nutri* or weight or wasting or thin or thinness or "body mass index" or bmi).ti,ab.	2479478
12	or/5-11	2788849
13	epidemiology/ or cohort analysis/ or prospective study/	2051296
14	(prospective or inciden* or risk or rate*).ti,ab.	9226943
15	or/13-14	9856375
16	4 and 12 and 15	9890
17	exp animal/ not human.sh.	4894520
18	16 not 17	9543
19	limit 18 to yr="2008 -Current"	8423






Table S2. Relative risk of tuberculosis in categories of body mass index (BMI) in included cohorts and data used in the dose-response meta-analyses. 

	Author
	BMI in study population
	BMI categories
	Relative risk data
	Notes

	
	Mean BMI in study population
	SD for BMI in study population
	Method for estimating mean/SD 
	BMI low
	BMI high
	Median re-sampled BMI
	No of cases
	No of person-years
	IRR or HR
	IRR
	IRR low
	IRR high
	

	Palmer et al. 19576
	21.9
	2.27
	Optimisation function
	10.0
	19.2
	18.4
	22
	29290
	IRR
	3.98
	1.85
	9.09
	IRRs calculated from raw data

	
	
	
	
	19.3
	20.4
	19.9
	29
	43076
	IRR
	3.57
	1.73
	7.91
	

	
	
	
	
	20.5
	21.5
	21.0
	20
	56749
	IRR
	1.87
	0.85
	4.31
	

	
	
	
	
	21.6
	23.7
	22.6
	26
	87634
	IRR
	1.57
	0.75
	3.52
	

	
	
	
	
	23.8
	35.0
	24.9
	11
	58260
	IRR
	Ref
	Ref
	Ref
	

	Edwards et al. 19717
	22.1
	2.71
	Optimisation function
	10.0
	19.6
	18.6
	115
	581328
	IRR
	3.52
	2.47
	5.1
	IRRs calculated from raw data and person-years approximated

	
	
	
	
	19.7
	23.9
	21.8
	224
	1928016
	IRR
	2.07
	1.49
	2.93
	

	
	
	
	
	24.0
	35.0
	25.5
	44
	783492
	IRR
	Ref
	Ref
	Ref
	

	Hemila et al. 19998
	26.3
	3.81
	Real
	13.0
	22.9
	21.6
	63
	32873
	HR
	Ref
	Ref
	Ref
	Person-years calculated from case and rate data

	
	
	
	
	23.0
	27.0
	25.1
	67
	72666
	HR
	0.48
	0.34
	0.68
	

	
	
	
	
	27.1
	54.4
	29.5
	37
	67476
	HR
	0.29
	0.19
	0.44
	

	Tverdal 19869
	26.3
	3.81
	Optimisation function
	16.4
	20.9
	20.0
	494
	3446742
	IRR
	5.39
	3.86
	7.51
	IRRs calculated from incidence rates reported in previous review2 as age/sex stratified and original publication only provides estimates disaggregated by sex alongside raw data. 

	
	
	
	
	21.0
	22.9
	22.1
	566
	4432261
	IRR
	3.61
	2.59
	5.04
	

	
	
	
	
	23.0
	24.9
	24.1
	579
	4589834
	IRR
	2.68
	1.91
	3.76
	

	
	
	
	
	25.0
	26.9
	25.9
	398
	3528653
	IRR
	2.00
	1.41
	2.83
	

	
	
	
	
	27.0
	28.9
	27.9
	255
	2213079
	IRR
	1.32
	0.91
	1.93
	

	
	
	
	
	29.0
	30.9
	29.9
	122
	1236696
	IRR
	0.9
	0.56
	1.46
	

	
	
	
	
	31.0
	44.9
	32.8
	117
	1279437
	IRR
	Ref
	Ref
	Ref
	

	Leung et al. 200710
	24.2
	3.63
	Optimisation function
	10.0
	18.4
	17.6
	69
	9426
	HR
	2.11
	1.59
	2.79
	Person-years calculated from case and rate data

	
	
	
	
	18.5
	22.9
	21.3
	191
	65636
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23.0
	24.9
	23.9
	97
	48500
	HR
	0.74
	0.58
	0.94
	

	
	
	
	
	25.0
	29.9
	26.8
	109
	73649
	HR
	0.58
	0.46
	0.74
	

	
	
	
	
	30.0
	50.0
	31.7
	11
	13415
	HR
	0.38
	0.21
	0.7
	

	Cegielski et al. 201211
	25.6
	5.15
	Real
	12.6
	18.4
	17.3
	11
	6682
	HR
	12.43
	5.75
	26.95
	 



	
	
	
	
	18.5
	24.9
	22.3
	32
	102498
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25.0
	29.9
	27.1
	14
	71054
	HR
	0.28
	0.13
	0.63
	

	
	
	
	
	30.0
	72.3
	32.7
	4
	35288
	HR
	0.20
	0.07
	0.62
	

	Cho et al. 202212
	23.6
	3.15
	Optimisation function
	10.0
	15.9
	15.5
	357
	107851
	HR
	2.83
	2.55
	3.15
	 

	
	
	
	
	16.0
	16.9
	16.6
	786
	376382
	HR
	2.50
	2.33
	2.68
	

	
	
	
	
	17.0
	18.4
	17.9
	3406
	2173728
	HR
	1.98
	1.91
	2.05
	

	
	
	
	
	18.5
	22.9
	21.1
	26710
	27637461
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23.0
	24.9
	23.9
	10976
	17321680
	HR
	0.56
	0.55
	0.58
	

	
	
	
	
	25.0
	50.0
	26.8
	10380
	22446051
	HR
	0.40
	0.39
	0.41
	

	Lin et al. 201813 NHIS
	22.5
	4.18
	Real
	10.0
	18.4
	17.1
	20
	24168
	HR
	2.28
	1.41
	3.69
	 

	
	
	
	
	18.5
	24.9
	21.7
	118
	242725
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25.0
	29.9
	26.7
	28
	93130
	HR
	0.48
	0.32
	0.73
	

	
	
	
	
	30.0
	49.2
	31.7
	3
	19091
	HR
	0.33
	0.1
	1.03
	

	Lin et al. 201813 NTC
	24.4
	3.61
	Real
	12.5
	18.4
	17.6
	22
	23831
	HR
	2.44
	1.57
	3.8
	 

	
	
	
	
	18.5
	24.9
	22.4
	211
	505089
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25.0
	29.9
	26.7
	79
	280504
	HR
	0.53
	0.41
	0.68
	

	
	
	
	
	30.0
	48.9
	31.5
	10
	59217
	HR
	0.36
	0.19
	0.69
	

	Chen et al. 202214
	22.6
	3.20
	Real
	10.4
	18.4
	17.6
	6
	3465
	HR
	1.25
	0.52
	3.04
	 

	
	
	
	
	18.5
	23.9
	21.5
	31
	27382
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	24.0
	69.9
	25.8
	6
	13728
	HR
	0.34
	0.14
	0.83
	

	Cheng et al. 202015
	22.4
	3.77
	Real
	11.4
	18.4
	17.2
	17
	4789
	HR
	2.33
	1.32
	4.12
	 

	
	
	
	
	18.5
	23.9
	21.4
	39
	27380
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	24.0
	57.9
	26.1
	6
	12445
	HR
	0.34
	0.14
	0.8
	

	Kim et al. 201816
	23.5
	3.15
	Optimisation function
	10.0
	18.4
	17.7
	257
	73646
	HR
	1.36
	1.16
	1.61
	 

	
	
	
	
	18.5
	22.9
	21.2
	1893
	757522
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23.0
	24.9
	24.0
	839
	477851
	HR
	0.63
	0.57
	0.69
	

	
	
	
	
	25.0
	29.9
	26.6
	720
	551784
	HR
	0.45
	0.4
	0.5
	

	
	
	
	
	30.0
	50.0
	31.2
	63
	58303
	HR
	0.4
	0.3
	0.54
	

	Choi et al. 202117 (no diabetes)
	23.6
	3.17
	Real
	10.0
	18.4
	17.6
	4725
	2632033
	HR
	2.21
	2.14
	2.28
	 

	
	
	
	
	18.5
	22.9
	21.2
	24902
	27196588
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23.0
	24.9
	23.9
	9169
	16592920
	HR
	0.54
	0.53
	0.55
	

	
	
	
	
	25.0
	29.9
	26.5
	7004
	18469674
	HR
	0.36
	0.35
	0.37
	

	
	
	
	
	30.0
	50.0
	31.2
	558
	2091306
	HR
	0.28
	0.26
	0.31
	

	Jiang et al. 202418
	24.1
	3.16
	Estimated from median/IQR
	10.0
	18.4
	17.7
	40
	10249
	HR
	9.89
	4.92
	19.85
	 

	
	
	
	
	18.5
	23.9
	22.0
	136
	126773
	HR
	2.87
	1.51
	5.46
	

	
	
	
	
	24.0
	27.9
	25.6
	60
	100407
	HR
	1.64
	0.84
	3.21
	

	
	
	
	
	28.0
	50.0
	29.4
	10
	29352
	HR
	Ref
	Ref
	Ref
	

	Soh et al. 201919
	23.2
	3.57
	Real
	9.8
	18.4
	17.5
	164
	57949
	HR
	Ref
	Ref
	Ref
	 

	
	
	
	
	18.5
	24.9
	22.1
	640
	568593
	HR
	0.46
	0.39
	0.55
	

	
	
	
	
	25.0
	29.9
	26.6
	162
	195395
	HR
	0.35
	0.28
	0.44
	

	
	
	
	
	30.0
	69.0
	31.3
	24
	31735
	HR
	0.36
	0.23
	0.55
	

	Yoo et al. 202120
	24.3
	3.00
	Real
	10.0
	18.4
	17.8
	648
	151232
	HR
	2.36
	2.17
	2.57
	 

	
	
	
	
	18.5
	22.9
	21.5
	4203
	2549409
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23.0
	24.9
	24.0
	2237
	2286235
	HR
	0.6
	0.57
	0.64
	

	
	
	
	
	25.0
	29.9
	26.6
	2105
	2877801
	HR
	0.45
	0.43
	0.48
	

	
	
	
	
	30.0
	50.0
	31.2
	151
	290267
	HR
	0.33
	0.28
	0.39
	

	Saunders et al. 201721
	25.4
	4.25
	Real
	15.6
	19.9
	18.8
	12
	356
	HR
	1.58
	0.83
	3.01
	 

	
	
	
	
	20.0
	24.9
	22.8
	46
	2060
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25.0
	29.9
	27.1
	20
	1785
	HR
	0.52
	0.3
	0.9
	

	
	
	
	
	30.0
	46.4
	31.8
	5
	669
	HR
	0.34
	0.13
	0.87
	

	Aibana et al. 20165
	26.6
	4.77
	Real
	13.6
	19.9
	18.7
	27
	330
	HR
	2.12
	1.38
	3.25
	 

	
	
	
	
	20.0
	24.9
	23.0
	126
	2746
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25.0
	29.9
	27.2
	56
	2710
	HR
	0.5
	0.36
	0.7
	

	
	
	
	
	30.0
	53.7
	32.6
	25
	1564
	HR
	0.4
	0.25
	0.63
	

	Saunders et al. 202022
	25.6
	3.94
	Real
	11.3
	18.4
	17.6
	21
	533
	HR
	2.33
	1.49
	3.64
	 

	
	
	
	
	18.5
	24.9
	22.8
	253
	15387
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	29.9
	27.0
	98
	12331
	HR
	0.52
	0.41
	0.66
	

	
	
	
	
	30
	47.9
	31.8
	22
	4018
	HR
	0.37
	0.23
	0.58
	

	Larrson et al. 202523
	22.5
	5.57
	Real
	10.8
	18.5
	16.5
	13
	560
	HR
	1.69
	0.74
	3.88
	 

	
	
	
	
	18.5
	24.9
	21.6
	19
	1595
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	54.5
	28.0
	6
	942
	HR
	0.38
	0.14
	1
	

	Paradakar et al. 202024
	23.5
	5.03
	Real
	9.9
	18.4
	16.9
	5
	169
	IRR
	9.88
	2.07
	47.1
	 

	
	
	
	
	18.5
	46
	24.1
	9
	883
	IRR
	Ref
	Ref
	Ref
	

	Sinha et al. 202425
	22.3
	5.48
	Real
	10.8
	18.4
	16.5
	10
	521
	HR
	1.22
	0.42
	3.57
	 

	
	
	
	
	18.5
	22.9
	20.8
	7
	538
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23
	48.5
	26.3
	1
	791
	HR
	0.11
	0.01
	0.96
	

	Batista et al. 201326
	23.7
	4.23
	Real
	12.7
	18.4
	17.2
	25
	337
	HR
	2.27
	1.46
	3.53
	 

	
	
	
	
	18.5
	24.9
	22.0
	95
	3031
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	29.9
	26.9
	24
	1399
	HR
	0.56
	0.36
	0.88
	

	
	
	
	
	30
	44.8
	32.0
	1
	414
	HR
	0.079
	0.011
	0.57
	

	Tchakounte Youngui et al. 202027
	21.3
	4.36
	Real
	10.5
	16
	14.8
	22
	308
	IRR
	4.77
	2.47
	9.17
	 

	
	
	
	
	16.1
	20.9
	18.9
	65
	2167
	IRR
	1.99
	1.21
	3.36
	

	
	
	
	
	21
	62.5
	24.2
	30
	2317
	IRR
	Ref
	Ref
	Ref
	

	Kyaw et al. 202228
	20.5
	4.76
	Real
	8.8
	18.4
	16.3
	1901
	16801
	HR
	1.97
	1.83
	2.11
	

	
	
	
	
	18.5
	22.9
	20.4
	1206
	23980
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23
	27.5
	24.7
	319
	8878
	HR
	0.74
	0.65
	0.84
	

	
	
	
	
	27.6
	45
	29.8
	202
	4223
	HR
	0.93
	0.8
	1.08
	

	Maro et al. 201029
	24.5
	4.75
	Real
	16.1
	18.4
	17.6
	7
	179
	IRR
	1.31
	0.51
	2.82
	IRRs calculated from raw data

	
	
	
	
	18.5
	47.4
	24.7
	85
	2849
	IRR
	Ref
	Ref
	Ref
	

	Maokola et al. 202130
	22.9
	4.84
	Optimisation function
	10
	18.4
	16.9
	1635
	17275
	HR
	1.73
	1.62
	1.84
	 

	
	
	
	
	18.5
	24.9
	21.8
	2692
	73566
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	29.9
	26.9
	458
	25022
	HR
	0.69
	0.63
	0.76
	

	
	
	
	
	30
	50
	32.3
	143
	12462
	HR
	0.48
	0.4
	0.56
	

	Salvadori et al. 201531
	21.3
	3.64
	Real
	11.2
	18.4
	17.0
	41
	2052
	HR
	2.9
	1.9
	4.3
	 

	
	
	
	
	18.5
	41.9
	22.0
	46
	8171
	HR
	Ref
	Ref
	Ref
	

	Chang et al. 201532
	22.2
	4.15
	Real
	9.8
	15.9
	15.0
	68
	394
	HR
	4.12
	2.2
	7.72
	Time-updated BMI estimates used

	
	
	
	
	16
	18.4
	17.4
	183
	2604
	HR
	2.14
	1.62
	2.81
	

	
	
	
	
	18.5
	24.9
	21.5
	877
	31909
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	29.9
	26.7
	283
	15552
	HR
	0.78
	0.67
	0.92
	

	
	
	
	
	30
	58
	31.7
	91
	6390
	HR
	0.46
	0.23
	0.93
	

	Nguenha et al. 202533
	24.7
	5.46
	Estimated from median/IQR
	10
	18.5
	17.1
	15
	457
	HR
	2.6
	1.4
	4.8
	 

	
	
	
	
	18.5
	24.9
	21.8
	39
	3000
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	29.9
	27.2
	13
	1500
	HR
	0.6
	0.3
	1.1
	

	
	
	
	
	30
	50
	32.6
	9
	1100
	HR
	0.5
	0.2
	1
	

	Mupfumi et al. 201834
	22.2
	6.11
	Real
	13.8
	18.4
	16.6
	7
	15685
	HR
	6.57
	1.95
	22.1
	 

	
	
	
	
	18.5
	61.9
	23.9
	5
	131869
	HR
	Ref
	Ref
	Ref
	

	Alemu et al. 202035
	20.7
	3.76
	Real
	13
	18.4
	16.9
	72
	532
	HR
	1.91
	1.53
	2.69
	 

	
	
	
	
	18.5
	36.1
	21.8
	74
	1608
	HR
	Ref
	Ref
	Ref
	

	Tiruneh et al. 201836
	20.6
	4.00
	NCD risk factor data*
	10
	18.4
	16.6
	18
	903
	HR
	1.85
	1.02
	3.55
	 

	
	
	
	
	18.5
	50
	21.9
	35
	579
	HR
	Ref
	Ref
	Ref
	

	Ahmed et al. 201837
	18.3
	2.49
	Real
	9.6
	18.4
	16.7
	75
	626
	HR
	2.53
	1.27
	5.05
	 

	
	
	
	
	18.5
	29.1
	20.0
	42
	751
	HR
	Ref
	Ref
	Ref
	

	Aaemro et al. 202038
	20.9
	3.58
	Estimated from median/IQR
	10
	18.4
	16.8
	47
	288
	HR
	1.97
	0.99
	3.88
	 

	
	
	
	
	18.5
	50
	21.7
	15
	713
	HR
	Ref
	Ref
	Ref
	

	Nicholas et al. 201139 (during ART)
	19.9
	3.10
	Estimated from median/IQR
	10
	18.4
	16.9
	436
	5260
	IRR
	1.96
	1.69
	2.22
	 

	
	
	
	
	18.5
	50
	21.1
	465
	11249
	IRR
	Ref
	Ref
	Ref
	

	Nicholas et al. 201139 (pre-ART)
	20.5
	2.85
	Estimated from median/IQR
	10
	18.4
	17.2
	362
	1536
	IRR
	2.78
	2.38
	3.22
	 

	
	
	
	
	18.5
	50
	21.3
	406
	5777
	IRR
	Ref
	Ref
	Ref
	

	Kufa et al. 201640
	25.1
	5.47
	Real
	14.5
	18.4
	17.2
	3
	32
	HR
	3.87
	1.09
	13.73
	 

	
	
	
	
	18.5
	57.4
	24.8
	12
	521
	HR
	Ref
	Ref
	Ref
	

	Moore et al. 200741
	21.5
	4.00
	NCD risk factor data*
	10
	18
	16.7
	26
	325
	HR
	2.8
	1.59
	4.92
	Person-years calculated from rate data

	
	
	
	
	18.1
	50
	22.1
	26
	1034
	HR
	Ref
	Ref
	Ref
	

	Choun et al. 201342
	19.5
	3.57
	Optimisation function
	10
	18.4
	16.4
	96
	510
	HR
	1.6
	1.1
	2.2
	 

	
	
	
	
	18.5
	50
	21.2
	67
	770
	HR
	Ref
	Ref
	Ref
	

	Choi et al. 202117 (diabetes)
	25.0
	3.27
	Real
	10
	18.4
	17.8
	448
	83771
	HR
	2.13
	1.93
	2.35
	 

	
	
	
	
	18.5
	22.9
	21.7
	3532
	1566537
	HR
	Ref
	Ref
	Ref
	

	
	
	
	
	23
	24.9
	24.0
	2040
	1619120
	HR
	0.58
	0.55
	0.61
	

	
	
	
	
	25
	29.9
	26.9
	2308
	2569395
	HR
	0.44
	0.41
	0.46
	

	
	
	
	
	30
	50
	31.3
	218
	438279
	HR
	0.29
	0.25
	0.33
	

	Li et al. 202043
	24.2
	3.00
	Optimisation function
	10
	18.4
	17.8
	27
	12548
	IRR
	3.33
	2.15
	4.93
	IRRs calculated from raw data

	
	
	
	
	18.5
	24.9
	22.7
	321
	496125
	IRR
	Ref
	Ref
	Ref
	

	
	
	
	
	25
	50
	26.9
	85
	329073
	IRR
	0.4
	0.31
	0.51
	

	Gedfew et al. 202044
	20.6
	4.00
	NCD risk factor data*
	10
	18.4
	16.7
	13
	213
	HR
	2.94
	1.25
	7.14
	 

	
	
	
	
	18.5
	50
	21.9
	13
	889
	HR
	Ref
	Ref
	Ref
	


ART, Antiretroviral therapy; HR, Hazard ratio; IRR, Incidence rate ratio; IQR, Interquartile range; NHIS, National Health Interview Surveys; NTC, New Taipei City; SD, Standard deviation
*NCD risk factor data.3  
Saunders et al. 2017 and 2020,21,22 Maokola. et al 2021,30 Aibana et al. 2016,5 and Batista et al. 201326 were re-analyses of datasets that were either available to the authors, publicly available, or provided by the original study authors. All other data were either directly extracted from published reports, calculated from raw data presented in published reports, or provided to the authors by the original study authors. 



Table S3. Summary of dose-response meta-analysis models for the association between body mass index and tuberculosis risk. 

	Model type
	Coefficient (95%CI) 
	p value
	AIC
	BIC
	Between-study random-effects components (standard deviation)

	General population. 22 cohorts (n=24,921,531)

	Linear
	Effect
	-0.1607 (-0.1783, -0.1432)
	<0.001
	677.7
	682.1
	0.0330

	Spline model
Knots at: 17.6, 22.9, 31.2
	Linear term
	-0.2230 (-0.2483, -0.1976)
	<0.001
	155.3
	166.2
	0.0425

	
	Non-linear term
	0.1161 (0.0872, 0.1451)
	<0.001
	
	
	0.0364

	Piecewise linear model
Breakpoint:
25.0
	Effect below breakpoint 
	-0.1984 (-0.2183, -0.1786)
	<0.001
	24.9
	35.8
	0.0345

	
	Change in slope above breakpoint
	0.1266 (0.0977, 0.1555)
	<0.001
	
	
	0.0360

	General population, high tuberculosis burden countries. 9 cohorts (n=123,809)

	Linear
	Effect
	-0.1561 (-0.1855, -0.1267)
	<0.001
	28.0
	30.0
	0.0254

	Spline model
Knots at: 17.2, 22.8, 29.7
	Linear term
	-0.2173 (-0.2759, -0.1588)
	<0.001
	30.0
	34.8
	0.0412

	
	Non-linear term
	0.0857 (0.0216, 0.1497)
	0.009
	
	
	0.0396

	Piecewise linear model
Breakpoint:
25.0
	Effect below breakpoint 
	-0.2025 (-0.2365, -0.1684)
	<0.001
	27.7
	32.4
	<0.001

	
	Change in slope above breakpoint
	0.1233 (0.0564, 0.1903)
	<0.001
	
	
	<0.001

	General population, lower tuberculosis burden countries. 13 cohorts (n=24,797,722)

	Linear
	Effect
	-0.1626 (-0.1851, -0.1401)
	<0.001
	659.3
	662.9
	0.0368

	Spline model
Knots at: 17.6, 23.9, 31.2
	Linear term
	-0.2243 (-0.2564, -0.1921)
	<0.001
	112.5
	121.6
	0.0498

	
	Non-linear term
	0.1057 (0.0775, 0.1339)
	<0.001
	
	
	0.0337

	Piecewise linear model
Breakpoint:
25.0
	Effect below breakpoint 
	-0.1997 (-0.2265, -0.1730)
	<0.001
	14.1
	23.1
	0.0426

	
	Change in slope above breakpoint
	0.1298 (0.0962, 0.1634)
	<0.001
	
	
	0.0405

	People with HIV. 18 cohorts (n=162,609)

	Linear
	Effect
	-0.1408 (-0.1693, -0.1123)
	<0.001
	187.7
	190.5
	0.0481

	Spline model
Knots at: 16.6; 21.3; 28.0
	Linear term
	-0.1924 (-0.2274, -0.1573)
	<0.001
	30.0
	36.7
	0.0497

	
	Non-linear term
	0.1304 (0.0712, 0.1896)
	<0.001
	
	
	0.0681

	Piecewise linear model
Breakpoint: 23.0
	Effect below breakpoint 
	-0.1663 (-0.1926, -0.1400)
	<0.001
	29.9
	36.5
	0.0386

	
	Change in slope above breakpoint
	0.1404 (0.0715, 0.2092)
	<0.001
	
	
	0.0828

	People with diabetes. 3 cohorts (n=1,118,424)

	Linear
	Effect
	-0.1907 (-0.2478, -0.1335)
	<0.001
	91.3
	90.9
	0.0404

	Spline model
Knots at: 17.7; 22.3; 27.3
	Linear term
	-0.2525 (-0.2777, -0.2272)
	<0.001
	45.5
	43.6
	0.0023

	
	Non-linear term
	0.0676 (-0.0059, 0.1410)
	0.0716
	
	
	0.0472

	Piecewise linear model
Breakpoint:
24.0
	Effect below breakpoint 
	-0.2295 (-0.2557, -0.2033)
	<0.001
	12.4
	10.4
	0.0152

	
	Change in slope above breakpoint
	0.0858 (0.0007, 0.1710)
	0.0482
	
	
	0.0558


95%CI; 95% confidence interval; AIC; Akaike Information Criterion; BIC; Bayesian Information Criterion; BMI; Body mass index; RR; Relative risk
Table S4. Comparison of cohorts included in Franco et al. 20241 meta-analyses and cohorts included in our meta-analyses. 

	Study/Cohort
	Number of people 
	Population
	Reason for difference

	Cohorts included in Franco et al. 20241 meta-analyses not included in our meta-analyses (additional participants excluding overlap and wrong populations = 1,522,868)

	Baker et al. 201245
	17,715
	General population
	Overlaps with Lin et al. 2018 NHIS, and after discussing with study authors Lin et al. 2018 felt most appropriate13

	Yen et al. 201746
	46,028
	General population
	Overlaps with Lin et al. 2018 NHIS, and after discussing with study authors Lin et al. 2018 felt most appropriate13

	Park et al. 202247
	2,396,434
	General population
	Overlaps with Cho et al. 202212 and Choi et al. 202117, which were much larger and more appropriately investigated exposure of interest. Park et al. 202247 investigated duration of underweight in previous years prior to the study. 

	Were et al. 200948
	1,015
	People with HIV
	Overlaps with Moore et al. 200741, which provides data in a more accessible format.

	Long et al. 202049
	1,788
	People with rheumatological diseases
	Wrong population 

	Jung et al. 201650
	1,776
	People post-gastrectomy
	Wrong population 

	Beshir et al. 201951
	428
	Children 
	Wrong population 

	Okwara et al. 201752
	414
	Children   
	Wrong population

	Hanrahan et al. 201053
	3,456
	People with HIV
	Cases and person-years not available 

	Ganesan et al. 202354
	3,171
	People with HIV
	Cases and person-years not available

	Getu et al. 202255
	529
	People with HIV
	Cases and person-years not available

	Worodria et al 201156
	225
	People with HIV
	Cases and person-years not available

	Gatechompol et al. 202257
	2,849
	People with HIV
	Cases and person-years not available

	Pealing et al. 201558
	1,441,347
	General population
	Cases and person-years not available

	Liu et al. 201559
	67,686
	People with HIV
	Cases and person-years not available

	Chan-Yeung et al. 200760
	3,605
	General population
	Could not access full text and cases and person-years not available

	Cohorts included in our meta-analyses not included in Franco et al. 2024 meta-analyses (additional participants excluding overlap and cohorts excluded for bias = 3,008,914)

	Cho et al. 202212
	11,135,332
	General population
	Excluded as they chose to include Park et al. 202247

	Choi et al. 202117
	10,087,903
	General population
	Excluded as they chose to include Park et al. 202247

	Lin et al. 2018 NHIS13
	48,713
	General population
	Excluded as they chose to include Baker et al. 201245 and Yen et al. 201746

	Cheng et al. 202015
	34,076
	General population
	Excluded from meta-analyses because of risk of bias

	Soh et al. 201919
	50,398
	General population
	Excluded from meta-analyses because of risk of bias

	Larsson et al. 202523
	2,107
	General population
	Not published at time

	Nguenha et al. 202533
	3,593
	People with HIV
	Not published at time

	Jiang et al. 202418
	39,122
	General population
	Not published at time

	Sinha et al. 202425
	857
	General population
	Not published at time

	Saunders et al. 201721
	1,767
	General population
	Excluded as BMI analysed as a continuous variable. Re-analysed for our study.

	Saunders et al. 202022
	11,605
	General population
	Excluded as BMI analysed as a continuous variable. Re-analysed for our study.

	Mupfumi et al. 201834
	240
	People with HIV
	Excluded as BMI analysed as a continuous variable. Re-analysed for our study.

	Tverdal 19869
	1,717,655
	General population
	Excluded as wrong "undernutrition" category

	Kufa et al. 201640
	634
	People with HIV
	Excluded as insufficient adjustment

	Li et al. 202043
	234,418
	People with diabetes
	Excluded as insufficient adjustment

	Hemila et al. 19898
	26,975
	General population
	Not noted why excluded

	Palmer et al. 19576
	68,754
	General population
	Not noted why excluded

	Edwards et al. 19717
	823,199
	General population
	Not noted why excluded

	Aemro et al. 202038
	494
	People with HIV
	Not noted why excluded

	Maokola et al. 202130
	75,812
	People with HIV
	Not noted why excluded

	Salvadori et al. 201531
	1,682
	People with HIV
	Not noted why excluded


NHIS; National Health Interview Surveys



Figure S1. Dose-response meta-analyses fitting linear and piecewise linear models for the relationship between body mass index and tuberculosis risk in a) general population cohorts; b) people with HIV; and c) people with diabetes.
[image: A graph of different sizes and shapes

AI-generated content may be incorrect.]
General population cohorts (22 cohorts, n=24,921,531); people with HIV (18 cohorts, n=162,609); people with diabetes (3 cohorts, n=1,118,424). See Table 1 for characteristics of included cohorts. The red line represents predictions of relative risk from the models with reference to a body mass index of 25.0kg/m2, and the shaded grey area represents 95% confidence intervals. In the linear models, the reduction in tuberculosis risk per one unit increase in body mass index was 14.8% (95%CI: 13.3-16.3) in the general population cohorts; 13.1% (95%CI: 10.6-15.6) in people with HIV, and 17.4% (95%CI: 12.5-21.9) in people with diabetes
Figure S2. Dose-response meta-analyses fitting linear, piecewise linear, and restricted cubic spline models for the relationship between body mass index and tuberculosis risk in general population cohorts in lower tuberculosis burden countries and high tuberculosis burden countries. 
[image: ]
General population cohorts in lower burden countries (13 cohorts, n=24,797,722); General population cohorts in high burden countries (9 cohorts, n=123,809). See Table 1 for characteristics of included cohorts. The red line represents predictions of relative risk from the models with reference to a body mass index of 25.0kg/m2, and the shaded grey area represents 95% confidence intervals. For the piecewise linear models, the reduction in tuberculosis risk per one unit increase in body mass index was 18.1% (95%CI: 15.9-20.3) for <25.0kg/m2 and 6.8% (95%CI: 3.8-9.6) for 25.0kg/m2 in lower tuberculosis burden countries, and 18.3% (95%CI: 15.5-21.1) for <25.0kg/m2 and 7.6% (95%CI: 3.5-11.6) for 25.0kg/m2 in in high tuberculosis burden countries. For the linear models, the reduction in tuberculosis risk per one unit increase in body mass index was 15.0% (95%CI: 13.1-16.9) in lower tuberculosis burden countries and 14.5% (95%CI: 11.9-16.9) in high tuberculosis burden countries.
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