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Supplementary Material

Supplementary Text S1: Creation of the monthly 0.01-degree resolution grids for PMzs

These grids were generated by synthesising annual 0.01-degree resolution grids with monthly 0.625-degree reso-
lution grids, following the method described in Xue et al [1].

In summary, annual PM25grids (v4.GL.03) were downloaded from the Atmospheric Composition Analysis Group
(ACAG) (available online: http://fizz.phys.dal.ca/~atmos/martin/?page_id=140; accessed on 13 September 2021), and
MERRA-2 data (available online: https://disc.gsfc.nasa.gov/SSW/#keywords=M2TMNXAER; accessed on 13 September
2021) were downloaded using the GES-DISC Simple Subset Wizard tool to select the required data bands before con-
verting them to PMzsestimates using:

PM2sMERRA — 2 = 1.375 X SOs+ + 1.8 X OC + BC + DSzs + SS2s
The synthesised grids were then created using the formula:
HiRes(y,m) = LowRes(y,m) X HiRes(y)/mean(LowRes(y, 1).. LowRes(y, 12))

where HiRes refer to the 0.01-degree ACAG data and LowRes to the 0.625-degree MERRA-2 data.
To implement this efficiently, we used the following algorithm:

e For each year:
o Read the annual high-resolution ACAG raster HiRes(y)
o Create and cache an annual average of the 12 MERRA-2 rasters, at the native 0.625-degree resolution,
converting to the same units used in the ACAG data
o Read the (cached) annual average MERRA-2 raster, upsampling it on read using bilinear interpolation
to the extent and shape matching the ACAG raster (arrays will be of same
dimensions), sum(LowRes(y,1)..LowRes(y,12)). Note that combining the grids using a standard GIS
tool would implicitly perform a nearest-neighbour interpolation of the 0.625-degree data, leading to
an apparenty blockiness in the synthesised output data.
o Calculate the correction factor for this year HiRes(y) / sum(LowRes(y,1)..LowRes(y,12))
o For each month in the year:
* Read the month's MERRA-2 raster, upsampling it in the same way as above LowRes(y,m),
converting to the same units as the ACAG-2 and MERRA-2 annuals
*  Multiply it by the year's correction factor raster
*  Mask where either the ACAG or MERRA rasters were masked

The python implementation can be found in this notebook (available online: https://github.com/harry-
gibson/geo_notebooks/blob/master/upscale_raster_from_other_dataset.ipynb; accessed on 13 September 2021).

Extraction of the PM2s data to survey locations

We extracted a series of 12 monthly PM2s values from these synthesised PMas rasters for every DHS household,
based on their (aggregated) cluster latitude/longitude and the actual date of the each household's interview.

That is, although multiple households are recorded at the same lat/lon, if they were interviewed in different
months then a different set of rasters were extracted for the 12 months prior to interview.

The 15th of the month was used as the reference date for allocation of household to reference month. For example,
any household interviewed between 15 July 2001 and 14 August 2001 (inclusive) would be counted as "July 2001" and
would receive data from July 2001 for month 0, June 2001 for month -1, etc, through to August 2000 for month -12.
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The rationale for this was that the questions relating to health outcomes generally relate to the last two weeks (e.g.
did a child suffer from a cough in the last two weeks).
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Table S1. Results of sensitivity analyses to the main model.

Model Cough ALRI
OR (95%CI) I2 (%) Phet OR (95%CI) I2 (%) Phet
Main model 1.000 (0.981-1.009) 50.4 0.001 0.975 (0.941-1.010) 67.4 <0.001
Main model+ health card ownership 1.001 (0.992-1.009) 37.6 0.021 0.985 (0.952-1.019) 50.9 0.021
Main model+ types of cooking fuel 0.999 (0.990-1.007) 47.7 0.002 0.971 (0.937-1.006) 66.9 <0.001
Main model+ child stunting status 0.999 (0.990-1.007) 47.1 0.002 0.974 (0.938-1.011) 66.5 <0.001
%
Weight

country year ES (95% ClI) (-v)

Guinea 2018 e—— 3 0.578 (0.431, 0.774) 0.38

Tanzania 2016 —0—: 0.830 (0.704, 0.978) 1.20

Ethiopia 2016 i 0.844 (0.722, 0.986) 133

Burundi 2017 —0—: 0.920 (0.864, 0.980) 8.16

Nigeria 2018 - 0.955 (0.917, 0.994) 19.92

South Africa 2016 ﬂ— 0.960 (0.824, 1.118) 1.39

Cameroon 2018 —_— 0.979 (0.892, 1.074) 3.76

Malawi 2016 —— 0.988 (0.945, 1.033) 16.33

Uganda 2016 —— 1.013 (0.958, 1.071) 10.41

Zimbabwe 2015 —— 1.022 (0.979, 1.067) 17.48

Mali 2018 — 1.025 (0.961, 1.093) 7.82

Angola 2016 — 1.036 (0.974, 1.102) 8.49

Zambia 2018 —_——— 1.045 (0.947, 1.153) 3.34

I-V Overall (I-squared = 67.4%, p = 0.000) c 0.986 (0.968, 1.004) 100.00

D+L Overall Q 0.975 (0.941, 1.010)

T 1 T
431 1 232

Figure S1. Associations between short-term PM2s concentration and odds of self-reported ALRL
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Burkina Faso 2010
Burundi 2010
Mozambique 2011 —_— 1.079 (0.723, 1.610)  0.03
Zimbabwe 2005 [~ 1.109 (1.007, 1.222) 0.56
Ethiopia 2005 - 1.148 (0.931, 1.416)  0.12
——
-

1.043 (1.011, 1.075)  5.60
1.075 (0.982, 1.177)  0.64

Weight
country year ES (95% Cl) (-v)
Guinea 2018 — 0.734 (0.665, 0.811)  0.54
Senegal 2014 —_— 0.770 (0.593, 1.000)  0.08
Tanzania 2016 —_—— 0.816 (0.651, 1.023)  0.10
Burundi 2017 —| 0.852 (0.740, 0.982) 0.26
Ghana 2014 — 0.909 (0.765, 1.080)  0.18
CDR 2014 - 0.923 (0.866, 0.984) 1.29
Kenya 2008 —_—— 0.953 (0.721, 1.260)  0.07
Rwanda 2010 - 0.967 (0.921,1.014) 228
Mali 2018 - 0.972 (0.935, 1.011)  3.45
South Africa 2016 + 0.979 (0.844, 1.136)  0.24
Cameroon 2018 - 0.983 (0.934, 1.034) 2.04
Ethiopia 2016 — 0.985 (0.826, 1.173)  0.17
Togo 2014 -> 0.989 (0.956, 1.023)  4.60
Malawi 2016 — 0.990 (0.842, 1.165)  0.20
Mali 2012 . 0.991 (0.979, 1.004) 33.17
Zimbabwe 2015 - 0.992 (0.944, 1.042) 2.16
Senagal 2015 * 0.996 (0.982, 1.011)  24.90
Kenya 2014 —— 1.006 (0.895, 1.132)  0.38
Senegal 2016 > 1.016 (0.987, 1.046) 6.26
Zambia 2018 -*> 1.023 (0.984, 1.063) 3.54
Rwanda 2015 e 1.026 (0.985, 1.069) 3.15
Nigeria 2018 Jo 1.032 (0.953,1.119)  0.82
Ghana 2008 - 1.035 (0.984, 1.090)  2.01
->
Ho—

Uganda 2016 1.148 (1.022, 1.290) 0.39
Angola 2016 1.151 (1.059, 1.251) 0.76
Malawi 2010 * 1.651 (0.890, 3.064)  0.01
I-V Overall (I-squared = 71.3%, p = 0.000) 0.998 (0.991, 1.006)  100.00
D+L Overall 0.999 (0.980, 1.018)
T T
.326 1 3.06

Figure S2. Associations between short-term PM:s concentration and odds of self-reported cough among urban clusters.

Weight
country year ES (95% Cl) (I-v)
Mo i 2011 g 0.591 (0.327,1.070)  0.01
Ethiopia 2016 —| 0.836 (0.718,0.974) 0.13
Guinea 2018 — 0.845(0.728,0.981) 0.13
South Africa 2016 —_— 0.847 (0.711,1.010)  0.10
Kenya 2014 - 0.950 (0.873,1.035)  0.41
Cameroon 2018 —r 0.952 (0.865, 1.048)  0.32
Uganda 2016 -+ 0.953 (0.893,1.017)  0.70
Kenya 2008 - 0.966 (0.901, 1.035)  0.61
Ethiopia 2005 - 0.970 (0.888, 1.060)  0.38
Tanzania 2016 — 0975 (0839, 1.134)  0.13
Zimbabwe 2015 - 0.979 (0.933,1.028) 1.26
Burundi 2010 -> 0.980 (0.947,1.014) 253
Nigeria 2018 * 0.980 (0.952, 1.008) 3.62
Senegal 2014 - 0.985 (0.905, 1.071)  0.42
Mali 2012 - 0.986 (0.936, 1.038) 1.10
Rwanda 2010 * 0.987 (0.959, 1.016)  3.54
Malawi 2016 * 0.989 (0.975,1.003) 14.74
Rwanda 2015 *> 0.989 (0.957,1.022) 2.74
Malawi 2010 —— 1.000 (0.925, 1.080) 0.49
CDR 2014 * 1.001 (0.989, 1.014) 18.96
Burkina Faso 2010 * 1.006 (0.992, 1.021) 14.23
Mali 2018 - 1.006 (0.945, 1.072)  0.74
Togo 2014 * 1.008 (0.995, 1.021)  17.76
Senagal 2015 - 1.009 (0.968, 1.052) 1.71
Ghana 2008 - 1.012(0.955, 1.072)  0.88
Zimbabwe 2005 * 1.013(0.989, 1.037) 5.26
Zambia 2018 - 1.014 (0.971, 1.058)  1.60
Senegal 2016 - 1.015 (0.976, 1.056) 1.90
Burundi 2017 - 1.018 (0.967,1.072) 1.1
Angola 2016 - 1.025 (0.966, 1.088) 0.84
Ghana 2014 - 1.178 (1.129, 1.229) 1.64
|-V Overall (l-squared = 67.9%, p = 0.000) 1.001 (0.996, 1.007)  100.00
D+L Overall 0.999 (0.987, 1.011)
T 1 T
327 1 3.06

Figure S3. Associations between short-term PM:2s concentration and odds of self-reported cough among rural clusters.
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country year

Senegal 2016 *-

Ethiopia 2016 —_——
Guinea 2018 —_——
Tanzania 2016 —_—
Kenya 2008 —_—
Cameroon 2018 -
Nigeria 2018 -
Burkina Faso 2010 *
Rwanda 2010 L d
Zimbabwe 2015 —o
Rwanda 2015 -

Mali 2012 -
CDR 2014 *
Senegal 2014 _——
Senagal 2015 -+
Zambia 2018 -
South Africa 2016 ——
Togo 2014 *
Uganda 2016 _‘._
Burundi 2017 -
Malawi 2016 -
Zimbabwe 2005 hd
Burundi 2010 -
Mali 2018 ——
Ghana 2008 -
Kenya 2014 —t—
Ethiopia 2005 -
Ghana 2014 -
Angola 2016 —_——
Malawi 2010 -+

|-V Overall (I-squared = 65.0%, p = 0.000)
D+L Overall

ES (95% CI)

0.674 (0.343, 1.328)
0.791 (0.671, 0.933)
0.892 (0.653, 1.219)
0.913 (0.559, 1.491)
0.919 (0.534, 1.582)
0.956 (0.888, 1.029)
0.957 (0.918, 0.997)
0.964 (0.940, 0.988)
0.965 (0.930, 1.000)
0.966 (0.886, 1.054)
0.971 (0.910, 1.036)
0.994 (0.943, 1.047)
0.999 (0.987, 1.011)
1.005 (0.804, 1.257)
1.006 (0.941, 1.075)
1.008 (0.960, 1.059)
1.010 (0.855, 1.193)
1.015 (0.988, 1.043)
1.018 (0.893, 1.160)
1.019 (0.946, 1.099)
1.020 (0.956, 1.089)
1.024 (0.989, 1.060)
1.027 (0.972, 1.084)
1.028 (0.917, 1.151)
1.030 (0.985, 1.078)
1.038 (0.908, 1.186)
1.040 (0.952, 1.136)
1.131 (1.088, 1.176)
1.206 (1.032, 1.410)
1.215 (0.948, 1.558)
1.002 (0.994, 1.010)
1.006 (0.987, 1.024)

Weight
(-v)

0.01
0.23
0.06
0.03
0.02
1.15
3.66
10.06
4.74
0.83
1.48
228
43.21
0.12
1.41
259
0.22
8.50
0.36
1.1
1.47
5.19
2.10
0.48
3.06
0.35
0.80
4.12
0.26
0.10
100.00

2.92

Figure S4. Associations between short-term PMzs concentration and odds of self-reported

hold wealth index.

country year

Mozambique 2011 €————¢——

South Africa 2016

Tanzania 2016
Ethiopia 2005
Ethiopia 2016
Rwanda 2015
Kenya 2014
CDR 2014
Nigeria 2018
Kenya 2008
Rwanda 2010
Cameroon 2018
Burundi 2010
Senegal 2014
Mali 2012
Burundi 2017
Uganda 2016
Senegal 2016
Togo 2014
Senagal 2015
Zambia 2018
Malawi 2016
Angola 2016

Burkina Faso 2010
Zimbabwe 2015

Ghana 2008
Zimbabwe 2005
Mali 2018
Malawi 2010
Ghana 2014

|-V Overall (I-squared =59.1%, p = 0.000)
D+L Overall

f

¥ ‘-’-+ e tbosodoe +r0-0 s b ot

t

ES (95% CI)

0.348 (0.145, 0.837)
0.852 (0.795, 0.913)
0.888 (0.668, 1.180)
0.901 (0.787, 1.032)
0.904 (0.706, 1.159)
0.910 (0.840, 0.984)
0.946 (0.804, 1.113)
0.950 (0.886, 1.018)
0.971 (0.937, 1.006)
0.971 (0.893, 1.056)
0.981 (0.948, 1.016)
0.981 (0.936, 1.029)
0.983 (0.928, 1.041)
0.984 (0.824, 1.174)
0.988 (0.975, 1.002)
0.993 (0.937, 1.052)
0.993 (0.908, 1.086)
0.995 (0.967, 1.024)
0.999 (0.964, 1.036)
1.002 (0.967, 1.038)
1.005 (0.922, 1.095)
1.013 (0.957, 1.073)
1.028 (0.958, 1.104)
1.029 (1.008, 1.050)
1.034 (0.916, 1.167)
1.041 (0.963, 1.126)
1.045 (0.981, 1.114)
1.082 (0.974, 1.202)
1.126 (0.857, 1.481)
1.357 (1.143, 1.611)
0.995 (0.987, 1.003)
0.991 (0.975, 1.008)

cough among Q1-Q2 of house-

%
Weight
(V)

0.01
1.35
0.08
0.35
0.1
1.03
0.24
1.34
512
0.92
5.39
2.88
1.96
0.21
34.64
1.93
0.81
7.88
4.98
5.15
0.87
1.97
1.28
15.51
0.44
1.06
1.60
0.58
0.09
0.22
100.00

145

6.9

Figure S5. Associations between short-term PMzs concentration and odds of self-reported cough among Q3-Q5 of house-

hold wealth index.



Int. ]. Environ. Res. Public Health 2021, 18, 9729

5 of 16

%

Weight
country year ES (95% Cl) (V)
Ethiopia 2016 —0—: 0.636 (0.400, 1.011)  0.08
Mozambique 2011 *- 0.770 (0.426, 1.391)  0.05
Kenya 2008 +: 0.841(0.729, 0.972) 0.88
Ethiopia 2005 —| 0.861(0.763, 0.971) 1.26
Kenya 2014 — 0.890 (0.772,1.026)  0.90
Cameroon 2018 —_—— 0.919 (0.788, 1.071) 0.77
Nigeria 2018 - 0.948 (0.909, 0.990) 10.01
Ghana 2014 ) 0.958 (0.884, 1.039) 2.80
Mali 2018 — 0.960 (0.893, 1.032) 3.49
Senegal 2016 - 0.968 (0.935, 1.003) 14.80
Burundi 2010 - 0.975 (0.920, 1.033) 5.44
Burkina Faso 2010 - 0.988 (0.942, 1.036) 8.06
Rwanda 2010 —— 0.992 (0.901, 1.091)  1.99
Togo 2014 - 0.995 (0.962, 1.028) 16.57
Rwanda 2015 —— 1.003 (0.931, 1.081) 3.27
Zimbabwe 2005 - 1.007 (0.950, 1.067) 5.41
Zimbabwe 2015 —-— 1.008 (0.916, 1.109) 2.00
Tanzania 2016 —_— 1.009 (0.849, 1.198) 0.62
Senagal 2015 —— 1.009 (0.940, 1.084) 3.59
Zambia 2018 — 1.013 (0.934, 1.099) 2.76
Mali 2012 — 1.017 (0.921, 1.123) 1.86
Burundi 2017 et 1.031 (0.940, 1.132) 2.1
CDR 2014 - 1.032 (0.977, 1.090) 6.09
Malawi 2016 —I*— 1.037 (0.920, 1.168) 1.28
Malawi 2010 —_— 1.072 (0.755, 1.523) 0.15
Senegal 2014 —:—0— 1.076 (0.840, 1.379)  0.30
Angola 2016 -+ 1.098 (0.951,1.268) 0.88
Ghana 2008 —— 1.141(0.987, 1.318) 0.87
Uganda 2016 | = 1.177 (1.062, 1.305) 1.72
|-V Overall (I-squared = 40.0%, p = 0.015) 0 0.988 (0.975, 1.002)  100.00
D+L Overall 1 0.991 (0.972, 1.012)
1|
T T
4 1 25

Figure S6. Associations between short-term PM2s concentration and odds of self-reported cough among stunting children.

Figure S7. Associations between short-term PM2s concentration and odds of self-reported cough among non-stunting

children.

country

Guinea
Senegal
Mozambique
Tanzania
South Africa
Ethiopia
Rwanda
Cameroon
CDR
Malawi
Burundi
Mali
Rwanda
Burundi
Uganda
Senagal
Nigeria
Zimbabwe
Togo
Kenya
Ethiopia
Mali
Senegal
Zambia
Burkina Faso
Ghana
Zimbabwe
Angola
Malawi
Kenya
Ghana

|-V Overall (I-squared = 45.8%, p = 0.003)

D+L Overall

year

2018
2014
2011

2016
2016
2016
2010
2018
2014
2016
2010
2012
2015
2017
2016
2015
2018
2015
2014
2014
2005
2018
2016
2018
2010
2008
2005
2016
2010
2008
2014

ES (95% CI)

0.787 (0.695, 0.891)
0.850 (0.646, 1.119)
0.872 (0.555, 1.372)
0.873 (0.740, 1.030)
0.952 (0.823, 1.101)
0.958 (0.849, 1.080)
0.975 (0.949, 1.002)
0.978 (0.932, 1.027)
0.982 (0.963, 1.001)
0.987 (0.967, 1.007)
0.991 (0.946, 1.039)
0.993 (0.977, 1.009)
0.995 (0.964, 1.027)
0.995 (0.936, 1.058)
0.996 (0.942, 1.054)
1.001 (0.979, 1.023)
1.004 (0.970, 1.039)
1.005 (0.972, 1.039)
1.007 (0.994, 1.020)
1.007 (0.930, 1.091)
1.011 (0.946, 1.081)
1.013 (0.953, 1.078)
1.018 (0.995, 1.042)
1.019 (0.975, 1.065)
1.023 (1.007, 1.039)
1.024 (0.958, 1.095)
1.042 (1.005, 1.081)
1.044 (0.951, 1.145)
1.046 (0.969, 1.130)
1.107 (0.931, 1.316)
1.162 (1.014, 1.333)
1.002 (0.996, 1.008)
1.001 (0.992, 1.011)

%
Weight
(V)

0.21
0.04
0.02
0.12
0.15
0.22
4.33
1.36
8.53
7.78
1.45
12.31
3.19
0.85
1.01
6.61
271
2.88
19.17
0.50
0.72
0.84
6.00
1.64
13.06
0.72
2.41
0.37
0.54
0.1
0.17
100.00

.555
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country

Guinea
Mozambique
Tanzania
South Africa
Ethiopia
Senegal
Zimbabwe
Rwanda
Burundi
Mali
Burundi
Mali

CDR
Malawi
Rwanda
Togo
Senagal
Cameroon
Nigeria
Zambia
Uganda
Ethiopia
Zimbabwe
Senegal
Burkina Faso
Kenya
Ghana
Kenya
Malawi
Angola
Ghana

I-V Overall (I-squared = 53.0%, p = 0.000)

D+L Overall

year

2018
2011

2016
2016
2016
2014
2015
2010
2017
2018
2010
2012
2014
2016
2015
2014
2015
2018
2018
2018
2016
2005
2005
2016
2010
2008
2008
2014
2010
2016
2014

4”“ }

ES (95% CI)

0.800 (0.625, 1.024)
0.822 (0.494, 1.369)
0.858 (0.733, 1.004)
0.881 (0.739, 1.049)
0.900 (0.795, 1.020)
0.961 (0.841, 1.098)
0.964 (0.901, 1.030)
0.976 (0.939, 1.016)
0.977 (0.930, 1.027)
0.978 (0.930, 1.029)
0.982 (0.932, 1.034)
0.984 (0.967, 1.000)
0.985 (0.953, 1.018)
0.993 (0.951, 1.038)
0.994 (0.948, 1.043)
0.997 (0.979, 1.016)
0.998 (0.984, 1.013)
1.002 (0.943, 1.064)
1.003 (0.964, 1.044)
1.005 (0.961, 1.050)
1.007 (0.926, 1.095)
1.010 (0.870, 1.173)
1.015 (0.972, 1.060)
1.019 (0.973, 1.067)
1.019 (1.002, 1.037)
1.024 (0.925, 1.134)
1.033 (0.933, 1.145)
1.084 (0.947, 1.242)
1.110 (0.942, 1.308)
1.146 (1.088, 1.207)
1.241 (1.048, 1.470)
1.000 (0.993, 1.006)
1.000 (0.988, 1.013)

%
Weight
(V)

0.07
0.02
0.18
0.15
0.29
0.26
1.01
293
1.85
1.78
1.68
16.14
417
237
1.99
13.20
21.54
1.25
2.86
232
0.65
0.20
242
214
15.41
0.44
0.43
0.25
0.17
1.69
0.16
100.00

Figure S8. Associations between short-term PMas concentration and odds of self-reported cough among boys.

country

Senegal
Mozambique
Kenya
South Africa
Ethiopia
Guinea
Ethiopia
Malawi
Cameroon
Kenya
Uganda
Tanzania
Nigeria
Rwanda
Malawi
Burundi
Mali

CDR
Rwanda
Senagal
Togo
Zimbabwe
Burkina Faso
Ghana
Burundi
Senegal
Mali
Angola
Zambia
Zimbabwe
Ghana

|-V Overall (I-squared = 26.9%, p = 0.086)

D+L Overall

494

year

2014

2011
2008
2016
2005
2018
2016
2010
2018
2014
2016
2016
2018
2010
2016
2010
2012
2014
2015
2015
2014
2015
2010
2008
2017
2016
2018
2016
2018
2005
2014

1l+l+~“” ’

bR ebetteated

ii”f

2.02

ES (95% Cl)

0.814 (0.624, 1.061)
0.866 (0.513, 1.463)
0.906 (0.749, 1.095)
0.915 (0.807, 1.037)
0.917 (0.833, 1.010)
0.918 (0.764, 1.104)
0.937 (0.664, 1.322)
0.937 (0.841, 1.044)
0.939 (0.866, 1.017)
0.947 (0.851, 1.055)
0.954 (0.894, 1.017)
0.954 (0.835, 1.090)
0.967 (0.894, 1.046)
0.974 (0.943, 1.005)
0.977 (0.954, 0.999)
0.977 (0.932, 1.024)
0.997 (0.966, 1.028)
0.997 (0.972, 1.023)
1.003 (0.958, 1.049)
1.008 (0.970, 1.047)
1.009 (0.995, 1.023)
1.009 (0.960, 1.062)
1.015 (0.987, 1.044)
1.017 (0.953, 1.085)
1.021 (0.951, 1.095)
1.027 (0.998, 1.058)
1.030 (0.954, 1.113)
1.035 (0.981, 1.093)
1.036 (0.989, 1.086)
1.046 (0.984, 1.112)
1.116 (0.979, 1.271)
1.001 (0.993, 1.008)
0.999 (0.988, 1.009)

%
Weight
(-v)

0.08
0.02
0.16
0.36
0.60
0.17
0.05
0.48
0.87
0.49
1.35
0.32
091
5.52
10.54
2.53
5.79
8.57
272
3.84
29.08
2.20
71
1.33
1.13
6.57
0.94
1.92
2.56
1.50
0.33
100.00

Figure S9. Associations between short-term PMzs concentration and odds of self-reported cough among girls.
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country

Guinea
Ethiopia
Tanzania
Malawi
South Africa
Burundi
Nigeria
Zimbabwe
Cameroon
Mali
Uganda
Zambia

Angola

|-V Overall (I-squared = 54.4%, p = 0.010)

D+L Overall

year

2018

2016

2016

2016

2016

2017

2018

2015

2018

2018

2016

2018

2016

ES (95% Cl)

0.726 (0.544, 0.969)
0.779 (0.633, 0.958)
0.908 (0.769, 1.072)
0.957 (0.921, 0.995)

4 NP

0.976 (0.708, 1.346)
0.979 (0.915, 1.048)
0.981 (0.925, 1.040)
0.992 (0.918, 1.073)
1.010 (0.954, 1.069)
1.017 (0.963, 1.074)
1.041 (0.968, 1.120)
1.050 (0.980, 1.125)
1.102 (1.017, 1.195)
0.995 (0.976, 1.015)

0.996 (0.964, 1.029)

%
Weight

(V)

0.46
0.89
1.38
25.56
0.37
8.29
1112
6.27
11.78

12.83

8.02
5.87

100.00

Figure S10. Associations between short-term PMzs concentration and odds of self-reported cough among children under

2 years of age.

country

Guinea

Ethiopia

year

2018

2016

South Africa 2016

Cameroon 2018
Mali 2018
Zimbabwe 2015
Nigeria 2018
Zambia 2018
Uganda 2016
Burundi 2017
Tanzania 2016
Malawi 2016
Angola 2016

|-V Overall (I-squared = 4.4%, p = 0.403)

D+L Overall

ES (95% Cl)

0.869 (0.721, 1.048)
0.890 (0.732, 1.083)
0.928 (0.781, 1.103)
0.948 (0.891, 1.009)
0.968 (0.922, 1.016)
0.977 (0.919, 1.038)
0.989 (0.957, 1.022)
1.003 (0.962, 1.045)
1.003 (0.937, 1.074)

1.010 (0.950, 1.072)

1.020 (0.826, 1.258)
1.027 (0.980, 1.076)
1.053 (0.980, 1.130)
0.993 (0.977, 1.010)

0.993 (0.976, 1.010)

%
Weight

(V)

0.77
0.70
0.90
6.96
1.4
7.26
24.91
15.71
5.78
7.37
0.61
12.32
5.30

100.00

Figure S11. Associations between short-term PM:2s5 concentration

years of age.

T
721

and odds of self-reported cough among children 2-5
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%

Weight

country year n ES (95% Cl) (I-v)

i
Guinea 2018 6082 —_—— i 0.810 (0.717, 0.915) 0.26
Senegal 2014 5179 € - ; 0.864 (0.664,1.124)  0.06
Cameroon 2018 10712 —*—:L 0.975 (0.932, 1.021) 1.83
Mali 2012 6997 < 0.989 (0.975, 1.003) 19.02
Nigeria 2018 32786 —‘— 0.990 (0.965, 1.017) 5.54
Mali 2018 7096 —+ 0.991 (0.947, 1.037) 1.85
Senagal 2015 5589 - 1.003 (0.981, 1.025) 7.92
Togo 2014 8634 -> 1.005 (0.994, 1.015) 34.89
BurkinaFaso 2010 11642 - 1.016 (1.001, 1.031) 17.49
Senegal 2016 5395 - 1.017 (0.996, 1.039) 8.54
Ghana 2008 7099 —:—*— 1.026 (0.984, 1.070) 217
Ghana 2014 8010 : —_— 1.130 (1.030, 1.239) 0.45
|-V Overall (I-squared = 65.4%, p = 0.001) 1.003 (0.997, 1.010) 100.00
D+L Overall ) 1.002 (0.989, 1.015)

i

1

]

T T
.664 1 1.51

Figure S12. Associations between short-term PM2s concentration and odds of self-reported cough among west sub-Sa-

haran African countries.

country year n

Mozambique 2011 8463 *

Ethiopia 2016 12130 I e
Tanzania 2016 10243 —_—
Kenya 2008 7646 —
South Africa 2016 6943 —_—
Ethiopia 2005 10101 —_—
Kenya 2014 34196 -
Rwanda 2010 10652 el
Zimbabwe 2015 10001 -
Burundi 2010 8146 ——
Malawi 2016 22686 -
CDR 2014 16158 hd
Rwanda 2015 10846 -
Burundi 2017 15532 —_—
Uganda 2016 18123 —
Malawi 2010 22664 —l’—
Zambia 2018 10815 -
Zimbabwe 2005 6959 gl
Angola 2016 10841 -

|-V Overall (l-squared = 33.0%, p = 0.082)

D+L Overall

%

Weight

ES (95% Cl) (V)

0.823 (0.580, 1.169)0.05
0.867 (0.760, 0.9890.36
0.937 (0.827, 1.060)0.40
0.961 (0.894, 1.032)1.20
0.964 (0.838, 1.110)0.31
0.976 (0.897, 1.061)0.88
0.979 (0.909, 1.054)1.13

0.980 (0.956, 1.004)10.32

0.985 (0.950, 1.020)4.90
0.988 (0.957, 1.021)6.91

0.988 (0.970, 1.006)18.65
0.994 (0.978, 1.01023.89

0.996 (0.969, 1.0248.13
1.003 (0.956, 1.053R.65
1.011 (0.951, 1.075)1.65
1.016 (0.942, 1.095)1.09
1.019 (0.990, 1.049)7.39
1.028 (1.001, 1.0558.97
1.073 (1.016, 1.132R.12

0.996 (0.989, 1.004)100.00

0.997 (0.986, 1.008)

Figure S13. Associations between short-term PM2s concentration and odds of self-reported cough among rest of African

countries.
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country year
Guinea 2018
Mozambique 2011
Senegal 2014
Ethiopia 2016
Tanzania 2016
Kenya 2008
Ethiopia 2005
Rwanda 2010
Zimbabwe 2015
Burundi 2010
Malawi 2016
Mali 2012
Nigeria 2018
Mali 2018
CDR 2014
Rwanda 2015
Burundi 2017
Senagal 2015
Togo 2014
Uganda 2016
Burkina Faso 2010
Malawi 2010
Senegal 2016
Ghana 2008
Zimbabwe 2005

I-V Overall (l-squared = 45.4%, p = 0.008)
D+L Overall

n

6082
8463

5179
12130
10243
7646
10101
10652
10001
8146
22686
6997
32786
7096
16158
10846
15532
5589
8634
18123
11642
22664
5395
7099
6959

%

Weight

ES (95% Cl) (V)

0.810 (0.717, 0.915)0.17
0.823 (0.580, 1.169)0.02
0.864 (0.664, 1.124)0.04
0.867 (0.760, 0.989)0.14
0.937 (0.827, 1.060)0.16
0.961 (0.894, 1.032)0.49
0.976 (0.897, 1.061)
0.980 (0.956, 1.004)
0.985 (0.950, 1.020)
0.988 (0.957, 1.021)
0.988 (0.970, 1.006)
)
)
)
)
)
)
)

0.989 (0.975, 1.003)12.47

0.990 (0.965, 1.017
0.991 (0.947, 1.037
0.994 (0.978, 1.010
0.996 (0.969, 1.024)3.28
1.003 (0.956, 1.053)1.07
1.003 (0.981, 1.025)5.19

1.005 (0.994, 1.015)22.87

1.011 (0.951, 1.075)0.67

1.016 (1.001, 1.031)11.46

1.016 (0.942, 1.095)0.44
1.017 (0.996, 1.039)5.60
1.026 (0.984, 1.070)1.42
1.028 (1.001, 1.055)3.62
)
)

1.000 (0.995, 1.005)100.00

0.998 (0.989, 1.006

- —

Figure S14. Associations between short-term PM2s concentration and odds of self-reported cough among countries with

a low HDI (<0.55).

country

South Africa
Cameroon
Kenya
Zambia
Angola

Ghana

year

2016

2018

2014

2018

2016

2014

6943

10712

34196

10815

10841

8010

|-V Overall (I-squared = 63.3%, p =0.018)

D+L Overall

ES (95% ClI)

0.964 (0.838, 1.110)

0.975 (0.932, 1.021)

0.979 (0.909, 1.054)

1.019 (0.990, 1.049)

1.073 (1.016, 1.132)

1.130 (1.030, 1.239)

1.018 (0.998, 1.039)

1.022 (0.982, 1.064)

%

Weight

(1-v)

214

20.31

7.7

50.43

14.46

4.95

100.00

T
.807

Figure S15. Associations between short-term PMas concentration and odds of self-reported cough among countries with
a medium-to-high HDI (=0.55).
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country

Guinea
Ethiopia
Tanzania
Burundi
South Africa
Malawi
Mali
Cameroon
Nigeria
Zimbabwe
Uganda
Angola

Zambia

I-V Overall (I-squared = 62.5%, p = 0.001)

D+L Overall

year

2018

2016

2016

2017

2016

2016

2018

2018

2018

2015

2016

2016

2018

—
—
—
-
pe
-
*
-
-
-
-

ES (95% Cl)

0.573 (0.440, 0.747)
0.661 (0.472, 0.926)
0.767 (0.594, 0.990)
0.983 (0.827, 1.168)
0.983 (0.823, 1.175)
0.984 (0.853, 1.135)
0.987 (0.889, 1.097)
1.021 (0.954, 1.092)
1.026 (0.896, 1.176)
1.037 (0.928, 1.158)
1.051 (0.968, 1.140)

1.107 (0.979, 1.251)

1.130 (0.040, 31.645)
1.005 (0.971, 1.041)

0.971 (0.910, 1.087)

%
Weight

-v)

1.75
1.08
1.88
412
3.88
6.02
11.12
26.92
6.64
10.02
18.37
8.17
0.01

100.00

31.6

Figure S16. Associations between short-term PMzs concentration and odds of self-reported ALRI among urban clusters.

country

Ethiopia
Tanzania
Cameroon
Burundi
Nigeria
Angola
Malawi
Uganda
Zimbabwe
South Africa
Mali

Zambia

|-V Overall (I-squared = 43.6%, p = 0.053)

D+L Overall

year

2016

2016

2018

2017

2018

2016

2016

2016

2015

2016

2018

2018

)
1
—_——
1
—_————
———
—
B —
l
-

ES (95% Cl)

0.842 (0.703, 1.009)
0.863 (0.721, 1.033)
0.909 (0.777, 1.063)
0.916 (0.857, 0.979)
0.942 (0.908, 0.976)
0.978 (0.911, 1.050)
0.989 (0.945, 1.035)
0.996 (0.925, 1.071)
1.009 (0.971, 1.049)
1.025 (0.839, 1.252)
1.028 (0.954, 1.108)
1.040 (0.943, 1.147)
0.975 (0.957, 0.993)

0.974 (0.947, 1.002)

%
Weight

(V)

1.04
1.05
1.38
7.68
26.08
6.75
16.44
6.33
22.78
0.85
6.07
3.55

100.00

Figure S17. Associations between short-term PMzs concentration and odds of self-reported ALRI among rural clusters.
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Country

Tanzania
Ethiopia
Zimbabwe
South Africa
Cameroon
Nigeria
Uganda
Malawi
Burundi
Zambia

Angola

|-V Qverall (I-squared = 16.1%, p = 0.291)

D+L Overall

year

2016

2016

2015

2016

2018

2018

2016

2016

2017

2018

2016

ES (95% Cl)

0.635 (0.188, 2.144)
0.821 (0.676, 0.996)
0.830 (0.624, 1.103)
0.885 (0.776, 1.009)
0.918 (0.808, 1.043)
0.925 (0.889, 0.963)
0.965 (0.875, 1.064)
0.969 (0.815, 1.153)
0.979 (0.883, 1.086)
1.027 (0.838, 1.260)
1.073 (0.962, 1.197)
0.940 (0.913, 0.969)

0.946 (0.910, 0.983)

%
Weight

(-v)

0.06
2.37
1.10
5.16
5.46
55.68
9.31
2.96

8.31

7.45

100.00

.188

5.32

Figure S18. Associations between short-term PM25 concentration and odds of self-reported ALRI among Q1-Q2 household

wealth index .

Country

Zambia
Tanzania
Burundi
Nigeria
Ethiopia
South Africa
Malawi
Angola
Uganda
Zimbabwe

Cameroon

I-V Overall (I-squared = 48.7%, p = 0.034)

D+L Overall

year

2018

2016

2017

2018

2016

2016

2016

2016

2016

2015

2018

ES (95% Cl)

0.528 (0.206, 1.352)
0.663 (0.464, 0.947)
0.872 (0.786, 0.968)
0.935 (0.890, 0.981)
0.974 (0.762, 1.244)
0.993 (0.763, 1.294)
1.000 (0.980, 1.020)
1.004 (0.936, 1.078)
1.007 (0.937, 1.081)
1.008 (0.799, 1.272)
1.018 (0.947, 1.095)
0.989 (0.973, 1.006)

0.974 (0.939, 1.011)

%
Weight

(-v)

0.03
0.21
252
11.54
0.46
0.39
68.33
5.48
5.35

0.51

100.00

206

4.85

Figure S19. Associations between short-term PM25 concentration and odds of self-reported ALRI among Q3-Q5 household

wealth index .
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Country

Ethiopia
Cameroon
Burundi
Tanzania
Nigeria
Uganda
Zimbabwe
Zambia
Malawi

Angola

|-V Overall (I-squared = 79.1%, p = 0.000)

D+L Overall

year

2016

2018

2017

2016

2018

2016

2015

2018

2016

2016

ES (95% CI)

0.595 (0.388, 0.911)
0.828 (0.682, 1.005)
0.839 (0.720, 0.978)
0.861 (0.579, 1.279)
0.865 (0.810, 0.924)
0.921 (0.661, 1.281)
1.022 (0.833, 1.253)
1.164 (1.003, 1.351)
1.216 (1.061, 1.392)
1.416 (1.026, 1.954)
0.938 (0.895, 0.983)

0.966 (0.851, 1.096)

%
Weight

(V)

1.21

9.40
1.40
50.82

2.01

2.58

Figure S20. Associations between short-term PM2sconcentration and odds of self-reported ALRI among stunted children.

Country

Tanzania
Burundi
Nigeria
Malawi
Angola
South Africa
Zambia
Ethiopia
Cameroon
Uganda

Zimbabwe

|-V Overall (I-squared =57.6%, p = 0.009)

D+L Overall

year

2016

2017

2018

2016

2016

2016

2018

2016

2018

2016

2015

ES (95% C)

0.759 (0.618, 0.932)
0.952 (0.888, 1.020)
0.964 (0.924, 1.006)
0.973 (0.941, 1.006)
0.976 (0.865, 1.102)
0.978 (0.861, 1.110)
1.005 (0.917, 1.100)
1.006 (0.859, 1.179)
1.030 (0.974, 1.089)
1.033 (0.972, 1.097)
1.053 (1.013, 1.094)
0.997 (0.979, 1.014)

0.993 (0.963, 1.025)

%
Weight

(V)

0.73
6.42
17.06
27.64
210
1.91
3.73
1.23
9.90
8.43
20.84

100.00

Figure S21. Associations between short-term PM2s concentration and odds of self-reported ALRI among non-stunted chil-

dren.
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Country

Ethiopia
South Africa
Burundi
Cameroon
Malawi
Nigeria
Uganda
Zimbabwe
Angola
Zambia

Tanzania

1-V Overall (I-squared = 58.2%, p = 0.008)

D+L Overall

year

2016

2016

2017

2018

2016

2018

2016

2015

2016

2018

2016

%

i

!

|

f

ES (95% Cl)

0.778 (0.636, 0.952)
0.863 (0.618, 1.206)
0.891(0.789, 1.006)
0.920 (0.811, 1.043)
0.941 (0.898, 0.986)
0.975 (0.908, 1.047)
1.022 (0.939, 1.112)
1.072 (0.979, 1.174)
1.085 (0.974, 1.210)
1.107 (0.962, 1.274)

> 1.237 (0.807, 1.896)

\Y4

0.977 (0.949, 1.005)

0.983 (0.934, 1.036)

%
Weight

(V)

2.01
0.73
5.55
5.17
37.47
16.14
11.45
9.92

6.96

0.45

100.00

Figure S22. Associations between short-term PMas concentration and odds of self-reported ALRI among boys.

Country

Tanzania
Nigeria
Burundi
Angola
Uganda
Zambia
Zimbabwe
Malawi
Cameroon

Ethiopia

|-V Overall (I-squared = 12.6%, p = 0.327)

D+L Overall

year

2016

2018

2017

2016

2016

2018

2015

2016

2018

2016

.527

N

ES (95% Cl)

0.696 (0.447, 1.084)
0.892 (0.801, 0.993)
0.922 (0.849, 1.001)
0.973 (0.898, 1.053)
0.984 (0.911, 1.062)
1.002 (0.879, 1.142)
1.003 (0.909, 1.107)
1.008 (0.937, 1.083)
1.039 (0.925, 1.167)
1.181 (0.834, 1.672)
0.976 (0.945, 1.007)

0.976 (0.942, 1.010)

%
Weight

(-v)

8.65
14.72
15.75
16.98
5.83
10.28

19.05

0.83

100.00

Figure S23. Associations between short-term PMas concentration and odds of self-reported ALRI among girls.

-]

T
2.24
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Country

Ethiopia
Tanzania
Burundi
Zimbabwe
Nigeria
Malawi
Cameroon
Angola
Uganda
Zambia

South Africa

|-V Overall (I-squared =46.1%, p = 0.046)

D+L Overall

year

2016

2016

2017

2015

2018

2016

2018

2016

2016

2018

2016

ES (95% Cl)

0.802 (0.628, 1.025)
0.830 (0.709, 0.972)
0.932 (0.859, 1.011)
0.963 (0.891, 1.040)
0.965 (0.898, 1.038)
0.966 (0.924, 1.010)
0.979 (0.850, 1.127)
1.045 (0.938, 1.163)
1.051(0.970, 1.138)

1.109 (0.899, 1.368)

> 1.514(0.992, 2.311)
0.974 (0.948, 1.000)

0.976 (0.935, 1.018)

%
Weight

(V)

1.20
2.89
10.82
12.02
13.69
36.27
3.61
6.21
11.26
1.63
0.40

100.00

231

Figure S24. Associations between short-term PM25 concentration and odds of self-reported ALRI among children under 2

years of age.

Country

Tanzania
Ethiopia
Burundi
Nigeria
South Africa
Cameroon
Angola
Uganda
Zambia
Malawi

Zimbabwe

I-V Overall (I-squared = 54.3%, p = 0.016)

D+L Overall

year

2016

2016

2017

2018

2016

2018

2016

2016

2018

2016

2015

ES (95% ClI)

0.753 (0.430, 1.320)
0.859 (0.700, 1.054)
0.874 (0.793, 0.963)
0.940 (0.865, 1.021)
0.950 (0.745, 1.213)
0.969 (0.868, 1.080)
0.988 (0.903, 1.082)
1.002 (0.932, 1.077)
1.032 (0.912, 1.168)
1.048 (1.008, 1.091)
1.051 (1.000, 1.104)
1.011 (0.988, 1.035)

0.987 (0.947, 1.029)

%
Weight

(-v)

0.18
132
5.87
8.06
0.93
4.64
6.77
10.59
3.62
35.38
2263

100.00

Figure S25. Associations between short-term PM:2s5 concentration and odds of self-reported ALRI among children between

2 and 5 years of age.
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country

Guinea

Nigeria

Gameroon

Mali

year

2018

2018

2018

2018

18029

4943

4023

|-V Overall (I-squared = 80.6%, p = 0.001)

D+L Overall

ES (95% Cl)

0578 (0.431, 0.774)

0.955 (0.917, 0.994)

0.979 (0.892, 1.074)

1.025 (0.961, 1.093)

0.969 (0.938, 1.000)

0.945 (0.861, 1.037)

%

Weight

(V)

1.19

62.50

1.79

2453

100.00

232

Figure S26. Associations between short-term PM2s concentration and odds of self-reported ALRI among west sub-Saharan

African countries.

country

Tanzania
Ethiopia
Burundi
South Africa
Malawi
Uganda
Zimbabwe
Angola

Zambia

year

2016

2016

2017

2016

2016

2016

2015

2016

2018

5997

8448

12961

2206

18115

15421

5971

7077

2975

|-V Overall (l-squared =59.4%, p =0.012)

D+L Overall

A4

ES (95% CI)

0.830 (0.704, 0.978)
0.844 (0.722, 0.986)
0.920 (0.864, 0.980)
0.960 (0.824, 1.118)
0.988 (0.945, 1.033)
1.013 (0.958, 1.071)
1.022 (0.979, 1.067)
1.036 (0.974, 1.102)
1.045 (0.947, 1.153)
0.994 (0.972, 1.016)

0.983 (0.946, 1.021)

%
Weight

(V)

1.76
1.96
1.97
2.04
23.97
15.28
25.65
12.46
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100.00
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Figure S27. Associations between short-term PMzs concentration and odds of self-reported ALRI among the rest of sub-
Saharan African countries.
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country

Guinea
Tanzania
Ethiopia
Burundi
Nigeria
Malawi
Uganda
Zimbabwe
Mali

I-V Overall

year n

2018 3498 &—4——

2016 5997
2016 8448
2017 12961
2018 18029
2016 18115
2016 15421
2015 5971
2018 4023

(I-squared = 75.3%, p = 0.000)

D+L Overall

ES (95% CI)

0.578 (0.431, 0.774)
0.830 (0.704, 0.978)
0.844 (0.722, 0.986)
0.920 (0.864, 0.980)
0.955 (0.917, 0.994)
0.988 (0.945, 1.033)
1.013 (0.958, 1.071)
1.022 (0.979, 1.067)
1.025 (0.961, 1.093)
0.979 (0.960, 0.999)

0.958 (0.915, 1.002)

%
Weight

(-v)

0.45
1.44
1.61
9.83
23.99
19.67
12.54
21.05
9.41

100.00

431

2.32

Figure 528. Associations between short-term PM:2s concentration and odds of self-reported ALRI among countries with a

low HDI (<0.55).

country year n

South Africa 2016 2206
Cameroon 2018 4943
Angola 2016 7077
Zambia 2018 2975

|-V Overall (I-squared = 0.0%, p = 0.609)

D+L Overall

%
Weight
ES (95% C)) (V)
0.960 (0.824, 1.118) 8.19
0,979 (0.892, 1.074) 212
1,036 (0.974, 1.102) 50.01
1.045 (0.947, 1.159) 1968
1.018 (0.975, 1.064) 10000

1018 (0.975, 1.064)

824

121

Figure 529. Associations between short-term PM:2s5 concentration and odds of self-reported ALRI among countries with a
medium-to-high HDI (=0.55).



