University of
< Reading

Global burden of 288 causes of death and
life expectancy decomposition in 204
countries and territories and 811
subnational locations, 1990-2021: a
systematic analysis for the Global Burden
of Disease Study 2021

Article
Published Version
Creative Commons: Attribution 4.0 (CC-BY)

Open Access

Naghavi, M., Ong, K. L., Aali, A., Ababneh, H. S., Abate, Y. H.,
Abbafati, C., Abbasgholizadeh, R., Abbasian, M., Abbasi-
Kangevari, M., Abbastabar, H., Abd ElHafeez, S.,
Abdelmasseh, M., Abd-Elsalam, S., Abdelwahab, A.,
Abdollahi, M., Abdollahifar, M.-A., Abdoun, M., Abdulah, D. M.,
Abdullahi, A., Abebe, M., Abebe, S. S., Abedi, A., Abegaz, K.
H., Abhilash, E. S., Abidi, H., Abiodun, O., Aboagye, R. G.,
Abolhassani, H., Abolmaali, M., Abouzid, M., Aboye, G. B.,
Abreu, L. G., Abrha, W. A., Abtahi, D., Abu Rumeileh, S.,
Abualruz, H., Abubakar, B., Abu-Gharbieh, E., Abu-Rmeileh,
N. M., Aburuz, S., Abu-Zaid, A., Accrombessi, M. M. K., Adal,
T. G., Adamu, A. A., Addo, I. Y., Addolorato, G., Adebiyi, A. O.,
Adekanmbi, V., Adepoju, A. V., Adetunji, C. O., Adetuniji, J. B.,
Adeyeoluwa, T. E., Adeyinka, D. A., Adeyomoye, O. I.,
Admass, B. A. A., Adnani, Q. E. S., Adra, S., Afolabi, A. A.,
Afzal, M. S., Afzal, S., Agampodi, S. B., Agasthi, P., Aggarwal,



sos] University of

Reading
M., Aghamiri, S., Agide, F. D., Agodi, A., Agrawal, A.,
Agyemang-Duah, W., Ahinkorah, B. O., Ahmad, A., Ahmad, D.,
Ahmad, F., Ahmad, M. M., Ahmad, S., Ahmad, S., Ahmad, T.,
Ahmadi, K., Ahmadzade, A. M., Ahmed, A., Ahmed, A.,
Ahmed, H., Ahmed, L. A., Ahmed, M. S., Ahmed, M. S.,
Ahmed, M. B., Ahmed, S. A., Ajami, M., Aji, B., Akara, E. M.,
Akbarialiabad, H., Akinosoglou, K., Akinyemiju, T., Akkaif, M.
A., Akyirem, S., Al Hamad, H., Al Hasan, S. M., Alahdab, F.,
Alalalmeh, S. O., Alalwan, T. A., Al-Aly, Z., Alam, K., Alam, M.,
Alam, N., Al-amer, R. M., Alanezi, F. M., Alanzi, T. M., Al-
Azzam, S., Albakri, A., Albashtawy, M., AlBataineh, M. T.,
Alcalde-Rabanal, J. E., Aldawsari, K. A., Aldhaleei, W. A.,
Aldridge, R. W., Alema, H. B., Alemayohu, M. A., Alemi, S.,
Alemu, Y. M., Al-Gheethi, A. A. S., Alhabib, K. F., Alhalaiga, F.
A. N., Al-Hanawi, M. K., Ali, A., Ali, A., Ali, L., Ali, M. U., Ali,
R., Ali, S., Ali, S. S. S., Alicandro, G., Alif, S. M., Alikhani, R.,
Alimohamadi, Y., Aliyi, A. A., Aljasir, M. A. M., Aljunid, S. M.,
Alla, F., Allebeck, P., Al-Marwani, S., Al-Maweri, S. A. A.,
Almazan, J. U., Al-Mekhlafi, H. M., Almidani, L., Almidani, O.,
Alomari, M. A., Al-Omari, B., Alonso, J., Algahtani, J. S.,
Algalyoobi, S., Alqutaibi, A. Y., Al-Sabah, S. K., Altaany, Z.,
Altaf, A., Al-Tawfiq, J. A., Altirkawi, K. A., Aluh, D. O., Alvis-
Guzman, N., Alwafi, H., Al-Worafi, Y. M., Aly, H., Aly, S.,
Alzoubi, K. H., Amani, R., Amare, A. T., Amegbor, P. M.,
Ameyaw, E. K., Amin, T. T., Amindarolzarbi, A., Amiri, S.,
Amirzade-lranaqg, M. H., Amu, H., Amugsi, D. A., Amusa, G.
A., Ancuceanu, R., Anderlini, D., Anderson, D. B., Andrade, P.
P., Andrei, C. L., Andrei, T., Angus, C., Anil, A., Anil, S.,
Anoushiravani, A., Ansari, H., Ansariadi, A., Ansari-
Moghaddam, A., Antony, C. M., Antriyandarti, E., Anvari, D.,
Anvari, S., Anwar, S., Anwar, S. L., Anwer, R., Anyasodor, A.
E., Ageel, M., Arab, J. P., Arabloo, J., Arafat, M., Aravkin, A.
Y., Areda, D., Aremu, A., Aremu, O., Ariffin, H., Arkew, M.,
Armocida, B., Arndt, M. B., Arnlév, J., Arooj, M., Artamonov, A.
A., Arulappan, J., Aruleba, R. T., Arumugam, A., Asaad, M.,
Asadi-Lari, M., Asgedom, A. A., Asghariahmadabad, M.,
Asghari-Jafarabadi, M., Ashraf, M., Aslani, A., Astell-Burt, T.,



sos] University of

Reading
Athar, M., Athari, S. S., Atinafu, B. T. T., Atlaw, H. W., Atorkey,
P., Atout, M. M.'d. W., Atreya, A., Aujayeb, A., Ausloos, M.,
Avan, A., Awedew, A. F., Aweke, A. M., Ayala Quintanilla, B.
P., Ayatollahi, H., Ayuso-Mateos, J. L., Ayyoubzadeh, S. M.,
Azadnajafabad, S., Azevedo, R. M. S., Azzam, A. Y., B, D. B,,
Babu, A. S., Badar, M., Badiye, A. D., Baghdadi, S., Bagheri,
N., Bagherieh, S., Bah, S., Bahadorikhalili, S., Bahmanziari,
N., Bai, R., Baig, A. A., Baker, J. L., Bako, A. T., Bakshi, R. K.,
Balakrishnan, S., Balasubramanian, M., Baltatu, O. C., Bam,
K., Banach, M., Bandyopadhyay, S., Banik, P. C., Bansal, H.,
Bansal, K., Barbic, F., Barchitta, M., Bardhan, M., Bardideh,
E., Barker-Collo, S. L., Barnighausen, T. W., Barone-Adesi, F.,
Barqgawi, H. J., Barrero, L. H., Barrow, A., Barteit, S., Barua,
L., Basharat, Z., Bashiri, A., Basiru, A., Baskaran, P., Basnyat,
B., Bassat, Q., Basso, J. D., Basting, A. V. L., Basu, S., Batra,
K., Baune, B. T., Bayati, M., Bayileyegn, N. S., Beaney, T.,
Bedi, N., Beghi, M., Behboudi, E., Behera, P., Behnoush, A.
H., Behzadifar, M., Beiranvand, M., Bejarano Ramirez, D. F.,
Béjot, Y., Belay, S. A., Belete, C. M., Bell, M. L., Bello, M. B.,
Bello, O. O., Belo, L., Beloukas, A., Bender, R. G., Bensenor, I.
M., Beran, A., Berezvai, Z., Berhie, A. Y., Berice, B. N.,
Bernstein, R. S., Bertolacci, G. J., Bettencourt, P. J. G.,
Beyene, K. A., Bhagat, D. S., Bhagavathula, A. S., Bhala, N.,
Bhalla, A., Bhandari, D., Bhangdia, K., Bhardwaj, N.,
Bhardwaj, P., Bhardwaj, P. V., Bhargava, A., Bhaskar, S., Bhat,
V., Bhatti, G. K., Bhatti, J. S., Bhatti, M. S., Bhatti, R., Bhutta,
Z. A., Bikbov, B., Bishai, J. D., Bisignano, C., Bisulli, F.,
Biswas, A., Biswas, B., Bitaraf, S., Bitew, B. D., Bitra, V. R.,
Bjorge, T., Boachie, M. K., Boampong, M. S., Bobirca, A. V.,
Bodolica, V., Bodunrin, A. O., Bogale, E. K., Bogale, K. A.,
Bohlouli, S., Bolarinwa, O. A., Boloor, A., Bonakdar Hashemi,
M., Bonny, A., Bora, K., Bora Basara, B., Borhany, H.,
Borzutzky, A., Bouaoud, S., Boustany, A., Boxe, C., Boyko, E.
J., Brady, O. J., Braithwaite, D., Brant, L. C., Brauer, M.,
Brazinova, A., Brazo-Sayavera, J., Breitborde, N. J. K.,
Breitner, S., Brenner, H., Briko, A. N., Briko, N. I., Britton, G.,
Brown, J., Brugha, T., Bulamu, N. B., Bulto, L. N., Buonsenso,



sos] University of

Reading
D., Burns, R. A., Busse, R., Bustanji, Y., Butt, N. S., Butt, Z.
A., Caetano dos Santos, F. L., Calina, D., Camera, L. A,
Campos, L. A., Campos-Nonato, I|. R., Cao, C., Cao, Y.,
Capodici, A., Cardenas, R., Carr, S., Carreras, G., Carrero, J.
J., Carugno, A., Carvalheiro, C. G., Carvalho, F., Carvalho, M.,
Castaldelli-Maia, J. M., Castanieda-Orjuela, C. A., Castelpietra,
G., Catala-Lépez, F., Catapano, A. L., Cattaruzza, M. S.,
Cederroth, C. R., Cegolon, L., Cembranel, F., Cenderadewi,
M., Cercy, K. M., Cerin, E., Cevik, M., Chadwick, J., Chahine,
Y., Chakraborty, C., Chakraborty, P. A., Chan, J. S. K., Chan,
R. N. C., Chandika, R. M., Chandrasekar, E. K., Chang, C.-K.,
Chang, J.-C., Chanie, G. S., Charalampous, P., Chattu, V. K.,
Chaturvedi, P., Chatzimavridou-Grigoriadou, V., Chaurasia, A.,
Chen, A. W., Chen, A.-T., Chen, C. S., Chen, H., Chen, M. X.,
Chen, S., Cheng, C.-Y., Cheng, E. T. W., Cherbuin, N., Cheru,
W. A., Chien, J.-H., Chimed-Ochir, O., Chimoriya, R., Ching, P.
R., Chirinos-Caceres, J. L., Chitheer, A., Cho, W. C. S,
Chong, B., Chopra, H., Choudhari, S. G., Chowdhury, R.,
Christopher, D. J., Chukwu, I. S., Chung, E., Chung, E
Chung, E., Chung, S.-C., Chutiyami, M., Cindi, Z., Cioffi, 1.,
Claassens, M. M., Claro, R. M., Coberly, K., Cogen, R. M.,
Columbus, A., Comfort, H., Conde, J., Cortese, S., Cortesi, P.
A., Costa, V. M., Costanzo, S., Cousin, E., Couto, R. A. S,
Cowden, R. G., Cramer, K. M., Criqui, M. H., Cruz-Martins, N.,
Cuadra-Hernandez, S. M., Culbreth, G. T., Cullen, P.,
Cunningham, M., Curado, M. p., Dadana, S., Dadras, O., Dai,
S., Dai, X., Dai, Z., Dalli, L. L., Damiani, G., Darega Gela, J.,
Das, J. K., Das, S., Das, S., Dascalu, A. M., Dash, N. R.,
Dashti, M., Dastiridou, A., Davey, G., Davila-Cervantes, C. A.,
Davis Weaver, N., Davletov, K., De Leo, D., de Luca, K.,
Debele, A. T., Debopadhaya, S., Degenhardt, L., Dehghan, A.,
Deitesfeld, L., Del Bo', C., Delgado-Enciso, |., Demessa, B. H.,
Demetriades, A. K., Deng, K., Deng, X., Denova-Gutiérrez, E.,
Deravi, N., Dereje, N., Dervenis, N., DerviSevic¢, E., Des
Jarlais, D. C., Desai, H. D., Desai, R., Devanbu, V. G. C.,
Dewan, S. M. R., Dhali, A., Dhama, K., Dhimal, M., Dhingra,
S., Dhulipala, V. R., Dias da Silva, D., Diaz, D., Diaz, M. J.,



sos] University of

Reading
Dima, A., Ding, D. D., Ding, H., Dinis-Oliveira, R. J., Dirac, M.
A., Djalalinia, S., Do, T. H. P., do Prado, C. B., Doaei, S.,
Dodangeh, M., Dodangeh, M., Dohare, S., Dokova, K. G.,
Dolecek, C., Dominguez, R.-M. V., Dong, W., Dongarwar, D.,
D'Oria, M., Dorostkar, F., Dorsey, E. R., dos Santos, W. M.,
Doshi, R., Doshmangir, L., Dowou, R. K., Driscoll, T. R.,
Dsouza, H. L., Dsouza, V., Du, M., Dube, J., Duncan, B. B.,
Duraes, A. R., Duraisamy, S., Durojaiye, O. C., Dwyer-
Lindgren, L., Dzianach, P. A., Dziedzic, A. M., E'mar, A. R.,
Eboreime, E., Ebrahimi, A., Echieh, C. P., Edinur, H. A.,
Edvardsson, D., Edvardsson, K., Efendi, D., Efendi, F.,
Effendi, D. E., Eikemo, T. A., Eini, E., Ekholuenetale, M.,
Ekundayo, T. C., El Sayed, I., Elbarazi, I., Elema, T. B.,
Elemam, N. M., Elgar, F. J., Elgendy, I|. Y., EIGohary, G. M. T.,
Elhabashy, H. R., Elhadi, M., El-Huneidi, W., Elilo, L. T.,
Elmeligy, O. A. A., EImonem, M. A., Elshaer, M., Elsohaby, I.,
Emeto, T. |., Engelbert Bain, L., Erkhembayar, R., Esezobor, C.
|., Eshrati, B., Eskandarieh, S., Espinosa-Montero, J.,
Esubalew, H., Etaee, F., Fabin, N., Fadaka, A. O.,
Fagbamigbe, A. F., Fahim, A., Fahimi, S., Fakhri-
Demeshghieh, A., Falzone, L., Fareed, M., Farinha, C. S. e. S.,
Faris, M. E. M., Faris, P. S., Faro, A., Fasanmi, A. O.,
Fatehizadeh, A., Fattahi, H., Fauk, N. K., Fazeli, P., Feigin, V.
L., Feizkhah, A., Fekadu, G., Feng, X., Fereshtehnejad, S.-M.,
Feroze, A. H., Ferrante, D., Ferrari, A. J., Ferreira, N.,
Fetensa, G., Feyisa, B. R., Filip, I., Fischer, F., Flavel, J.,
Flood, D., Florin, B. T., Foigt, N. A., Folayan, M. O., Fomenkov,
A. A., Foroutan, B., Foroutan, M., Forthun, I., Fortuna, D.,
Foschi, M., Fowobaje, K. R., Francis, K. L., Franklin, R. C.,
Freitas, A., Friedman, J., Friedman, S. D., Fukumoto, T., Fuller,
J. E., Fux, B., Gaal, P. A., Gadanya, M. A., Gaidhane, A. M.,
Gaihre, S., Gakidou, E., Galali, Y., Galles, N. C., Gallus, S.,
Ganbat, M., Gandhi, A. P., Ganesan, B., Ganiyani, M. A.,
Garcia-Gordillo, M., Gardner, W. M., Garg, J., Garg, N.,
Gautam, R. K., Gbadamosi, S. O., Gebi, T. G., Gebregergis,
M. W., Gebrehiwot, M., Gebremeskel, T. G., Georgescu, S. R.,
Getachew, T., Gething, P. W., Getie, M., Ghadiri, K.,



sos] University of

Reading
Ghahramani, S., Ghailan, K. Y., Ghasemi, M.-R., Ghasempour
Dabaghi, G., Ghasemzadeh, A., Ghashghaee, A., Ghassemi,
F., Ghazy, R. M., Ghimire, A., Ghoba, S., Gholamalizadeh, M.,
Gholamian, A., Gholamrezanezhad, A., Gholizadeh, N.,
Ghorbani, M., Ghorbani Vajargah, P., Ghoshal, A. G., Gill, P.
S., Gill, T. K., Gillum, R. F., Ginindza, T. G., Girmay, A.,
Glasbey, J. C., Gnedovskaya, E. V., G6bdlés, L., Godinho, M.
A., Goel, A., Golchin, A., Goldust, M., Golechha, M., Goleij, P.,
Gomes, N. G. M., Gona, P. N., Gopalani, S. V., Gorini, G.,
Goudarzi, H., Goulart, A. C., Goulart, B. N. G., Goyal, A,
Grada, A., Graham, S. M., Grivna, M., Grosso, G., Guan, S.-Y.,
Guarducci, G., Gubari, M. I. M., Gudeta, M. D., Guha, A.,
Guicciardi, S., Guimaraes, R. A., Gulati, S., Gunawardane, D.
A., Gunturu, S., Guo, C., Gupta, A. K., Gupta, B., Gupta, M.
K., Gupta, M., Gupta, R. D., Gupta, R., Gupta, S., Gupta, V.
B., Gupta, V. K., Gupta, V. K., Gurmessa, L., Gutiérrez, R. A.,
Habibzadeh, F., Habibzadeh, P., Haddadi, R., Hadei, M., Hadi,
N. R., Haep, N., Hafezi-Nejad, N., Hailu, A., Haj-Mirzaian, A.,
Halboub, E. S., Hall, B. J., Haller, S., Halwani, R., Hamadeh,
R. R., Hameed, S., Hamidi, S., Hamilton, E. B., Han, C., Han,
Q., Hanif, A., Hanifi, N., Hankey, G. J., Hanna, F., Hannan, M.
A., Haque, M. N., Harapan, H., Hargono, A., Haro, J. M.,
Hasaballah, A. I., Hasan, |., Hasan, M. T., Hasani, H.,
Hasanian, M., Hashi, A., Hasnain, M. S., Hassan, I.,
Hassanipour, S., Hassankhani, H., Haubold, J., Havmoeller, R.
J., Hay, S. ., He, J., Hebert, J. J., Hegazi, O. E., Heidari, G.,
Heidari, M., Heidari-Foroozan, M., Helfer, B., Hendrie, D.,
Herrera-Serna, B. Y., Herteliu, C., Hesami, H., Hezam, K., Hill,
C. L., Hiraike, Y., Holla, R., Horita, N., Hossain, M. M.,
Hossain, S., Hosseini, M.-S., Hosseinzadeh, H.,
Hosseinzadeh, M., Hosseinzadeh Adli, A., Hostiuc, M.,
Hostiuc, S., Hsairi, M., Hsieh, V. C.-r., Hsu, R. L., Hu, C.,
Huang, J., Hultstrém, M., Humayun, A., Hundie, T. G.,
Hussain, J., Hussain, M. A., Hussein, N. R., Hussien, F. M.,
Huynh, H.-H., Hwang, B.-F., Ibitoye, S. E., Ibrahim, K. S.,
Iftikhar, P. M., ljo, D., Ikiroma, A. |, Ikuta, K. S., Ikwegbue, P.
C., llesanmi, O. S., llic, I. M., llic, M. D., Imam, M. T.,



sos] University of

Reading
Immurana, M., Inamdar, S., Indriasih, E., Ighrammullah, M.,
Iradukunda, A., Iregbu, K. C., Islam, M. R., Islam, S. M. S.,
Islami, F., Ismail, F., Ismail, N. E., Iso, H., Isola, G., lwagami,
M., lwu, C. C. D., lyamu, I. O., lyer, M., J, L. M., Jaafari, J.,
Jacob, L., Jacobsen, K. H., Jadidi-Niaragh, F., Jafarinia, M.,
Jafarzadeh, A., Jaggi, K., Jahankhani, K., Jahanmehr, N.,
Jahrami, H., Jain, N., Jairoun, A. A., Jaiswal, A., Jamshidi, E.,
Janko, M. M., Jatau, A. I., Javadov, S., Javaheri, T., Jayapal,
S. K., Jayaram, S., Jebai, R., Jee, S. H., Jeganathan, J., Jha,
A. K., Jha, R. P, Jiang, H., Jin, Y., Johnson, O., Jokar, M.,
Jonas, J. B., Joo, T., Joseph, A., Joseph, N., Joshua, C. E.,
Joshy, G., Jozwiak, J. J., JUrisson, M., K, V., Kaambwa, B.,
Kabir, A., Kabir, Z., Kadashetti, V., Kadir, D. H., Kalani, R.,
Kalankesh, L. R., Kalankesh, L. R., Kaliyadan, F., Kalra, S.,
Kamal, V. K., Kamarajah, S. K., Kamath, R., Kamiab, Z.,
Kamyari, N., Kanagasabai, T., Kanchan, T., Kandel, H.,
Kanmanthareddy, A. R., Kanmiki, E. W., Kanmodi, K. K.,
Kannan S, S., Kansal, S. K., Kantar, R. S., Kapoor, N.,
Karajizadeh, M., Karanth, S. D., Karasneh, R. A., Karaye, |I.
M., Karch, A., Karim, A., Karimi, S. E., Karimi Behnagh, A.,
Kashoo, F. Z., Kasnazani, Q. H. A., Kasraei, H., Kassebaum,
N. J., Kassel, M. B., Kauppila, J. H., Kaur, N., Kawakami, N.,
Kayode, G. A., Kazemi, F., Kazemian, S., Kazmi, T. H.,
Kebebew, G. M., Kebede, A. D., Kebede, F., Keflie, T. S.,
Keiyoro, P. N., Keller, C., Kelly, J. T., Kempen, J. H., Kerr, J.
A., Kesse-Guyot, E., Khajuria, H., Khalaji, A., Khalid, N.,
Khalil, A. A., Khalilian, A., Khamesipour, F., Khan, A., Khan,
A., Khan, G., Khan, I|., Khan, I|. A., Khan, M. N., Khan, M.,
Khan, M. J., Khan, M. A., Khan, Z. A., Khan suheb, M. Z.,
Khanmohammadi, S., Khatab, K., Khatami, F., Khatatbeh, H.,
Khatatbeh, M. M., Khavandegar, A., Khayat Kashani, H. R.,
Khidri, F. F., Khodadoust, E., Khorgamphar, M., Khormali, M.,
Khorrami, Z., Khosravi, A., Khosravi, M. A., Kifle, Z. D., Kim,
G., Kim, J., Kim, K., Kim, M. S., Kim, Y. J., Kimokoti, R. W.,
Kinzel, K. E., Kisa, A., Kisa, S., Klu, D., Knudsen, A. K. S.,
Kocarnik, J. M., Kochhar, S., Kocsis, T., Koh, D. S. Q., Kolahi,
A.-A., Kolves, K., Kompani, F., Koren, G., Kosen, S., Kostev,



sos] University of

Reading
K., Koul, P. A., Koulmane Laxminarayana, S. L., Krishan, K.,
Krishna, H., Krishna, V., Krishnamoorthy, V., Krishnamoorthy,
Y., Krohn, K. J., Kuate Defo, B., Kucuk Bicer, B., Kuddus, M.
A., Kuddus, M., Kuitunen, I., Kulimbet, M., Kulkarni, V., Kumar,
A., Kumar, A., Kumar, H., Kumar, M., Kumar, R., Kumari, M.,
Kumie, F. T., Kundu, S., Kurmi, O. P., Kusnali, A., Kusuma, D.,
Kwarteng, A., Kyriopoulos, I., Kyu, H. H., La Vecchia, C.,
Lacey, B., Ladan, M. A., Laflamme, L., Lagat, A. K., Lager, A.
C. J., Lahmar, A., Lai, D. T. C., Lal, D. K., Lalloo, R., Lallukka,
T., Lam, H., Lam, J., Landrum, K. R., Lanfranchi, F., Lang, J.
J., Langguth, B., Lansingh, V. C., Laplante-Lévesque, A.,
Larijani, B., Larsson, A. O., Lasrado, S., Lassi, Z. S., Latief, K.,
Latifinaibin, K., Lauriola, P., Le, N. H. H., Le, T. T. T., Le, T. D.
T., Ledda, C., Ledesma, J. R., Lee, M., Lee, P. H., Lee, S. W,
Lee, S. W. H., Lee, W.-C., Lee, Y. H., LeGrand, K. E., Leigh,
J., Leong, E., Lerango, T. L., Li, M.-C., Li, W., Li, X., Li, Y., Li,
Z., Ligade, V. S., Likaka, A. T. M., Lim, L.-L., Lim, S. S.,
Lindstrom, M., Linehan, C., Liu, C., Liu, G., Liu, J., Liu, R., Liu,
S., Liu, X., Liu, X., Llanaj, E., Loftus, M. J., Lopez-Bueno, R.,
Lopukhov, P. D., Loreche, A. M., Lorkowski, S., Lotufo, P. A.,
Lozano, R., Lubinda, J., Lucchetti, G., Lugo, A., Lunevicius,
R., Ma, Z. F., Maass, K. L., Machairas, N., Machoy, M.,
Madadizadeh, F., Madsen, C., Madureira-Carvalho, A. M.,
Maghazachi, A. A., Maharaj, S. B., Mahjoub, S., Mahmoud, M.
A., Mahmoudi, A., Mahmoudi, E., Mahmoudi, R., Majeed, A.,
Makhdoom, I. F., Malakan Rad, E., Maled, V., Malekzadeh, R.,
Malhotra, A. K., Malhotra, K., Malik, A. A., Malik, |., Malta, D.
C., Mamun, A. A., Mansouri, P., Mansournia, M. A., Mantovani,
L. G., Magsood, S., Marasini, B. P., Marateb, H. R., Maravilla,
J. C., Marconi, A. M., Mardi, P., Marino, M., Marjani, A.,
Martinez, G., Martinez-Guerra, B. A., Martinez-Piedra, R.,
Martini, D., Martini, S., Martins-Melo, F. R., Martorell, M.,
Marx, W., Maryam, S., Marzo, R. R., Masaka, A., Masrie, A.,
Mathieson, S., Mathioudakis, A. G., Mathur, M. R.,
Mattumpuram, J., Matzopoulos, R., Maude, R. J., Maugeri, A.,
Maulik, P. K., Mayeli, M., Mazaheri, M., Mazidi, M., McGrath, J.
J., McKee, M., McKowen, A. L. W., McLaughlin, S. A., McPhail,



sos] University of

Reading
S. M., Mechili, E. A., Medina, J. R. C., Mediratta, R. P.,
Meena, J. K., Mehra, R., Mehrabani-Zeinabad, K., Mehrabi
Nasab, E., Mekene Meto, T., Meles, G. G., Mendez-Lopez, M.
A. M., Mendoza, W., Menezes, R. G., Mengist, B., Mentis, A.-
F. A, Meo, S. A., Meresa, H. A., Meretoja, A., Meretoja, T. J.,
Mersha, A. M., Mesfin, B. A., Mestrovic, T., Mettananda, K. C.
D., Mettananda, S., Meylakhs, P., Mhlanga, A., Mhlanga, L.,
Mi, T., Miazgowski, T., Micha, G., Michalek, |. M., Miller, T. R.,
Mills, E. J., Minh, L. H. N., Mini, G., Mir Mohammad Sadeghi,
P., Mirica, A., Mirijello, A., Mirrakhimov, E. M., Mirutse, M. K.,
Mirzaei, M., Misganaw, A., Mishra, A., Misra, S., Mitchell, P.
B., Mithra, P., Mittal, C., Mobayen, M., Moberg, M. E.,
Mohamadkhani, A., Mohamed, J., Mohamed, M. F. H.,
Mohamed, N. S., Mohammad-Alizadeh-Charandabi, S.,
Mohammadi, S., Mohammadian-Hafshejani, A.,
Mohammadifard, N., Mohammed, H., Mohammed, H.,
Mohammed, M., Mohammed, S., Mohammed, S., Mohan, V.,
Mojiri-Forushani, H., Mokari, A., Mokdad, A. H., Molinaro, S.,
Molokhia, M., Momtazmanesh, S., Monasta, L., Mondello, S.,
Moni, M. A., Moodi Ghalibaf, A., Moradi, M., Moradi, Y.,
Moradi-Lakeh, M., Moradzadeh, M., Moraga, P., Morawska, L.,
Moreira, R. S., Morovatdar, N., Morrison, S. D., Morze, J.,
Mosser, J. F., Motappa, R., Mougin, V., Mouodi, S., Mousavi,
P., Mousavi, S. E., Mousavi Khaneghah, A., Mpolya, E. A.,
Mrejen, M., Mubarik, S., Muccioli, L., Mueller, U. O., Mughal,
F., Mukherjee, S., Mulita, F., Munjal, K., Murillo-Zamora, E.,
Musaigwa, F., Musallam, K. M., Mustafa, A., Mustafa, G.,
Muthupandian, S., Muthusamy, R., Muzaffar, M., Myung, W.,
Nagarajan, A. J., Nagel, G., Naghavi, P., Naheed, A., Naik, G.
R., Naik, G., Nainu, F., Nair, S., Najmuldeen, H. H. R.,
Nakhostin Ansari, N., Nangia, V., Naqvi, A. A. ORCID:
https://orcid.org/0000-0003-2637-0424, Narasimha Swamy, S.,
Narayana, A. |., Nargus, S., Nascimento, B. R., Nascimento,
G. G., Nasehi, S., Nashwan, A. J., Natto, Z. S., Nauman, J.,
Naveed, M., Nayak, B. P., Nayak, V. C., Nazri-Panjaki, A.,
Ndejjo, R., Nduaguba, S. O., Negash, H., Negoi, I., Negoi, R.
l., Negru, S. M., Nejadghaderi, S. A., Nejjari, C., Nena, E.,



sos] University of

Reading
Nepal, S., Ng, M., Nggada, H. A., Nguefack-Tsague, G.,
Ngunijiri, J. W., Nguyen, A. H., Nguyen, D. H., Nguyen, H. T.
H., Nguyen, P. T., Nguyen, V. T., Niazi, R. K., Nielsen, K. R.,
Nigatu, Y. T., Nikolouzakis, T. K., Nikoobar, A., Nikoomanesh,
F., Nikpoor, A. R., Ningrum, D. N. A., Nnaji, C. A., Nnyanzi, L.
A., Noman, E. A., Nomura, S., Noreen, M., Noroozi, N.,
Norrving, B., Noubiap, J. J., Novotney, A., Nri-Ezedi, C. A.,
Ntaios, G., Ntsekhe, M., Nunez-Samudio, V., Nurrika, D.,
Nutor, J. J., Oancea, B., Obamiro, K. O., Oboh, M. A.,
Odetokun, I. A., Odogwu, N. M., O'Donnell, M. J., Oduro, M.
S., Ofakunrin, A. O. D., Ogunkoya, A., Oguntade, A. S., Oh, I.-
H., Okati-Aliabad, H., Okeke, S. R., Okekunle, A. P., Okoniji, O.
C., Olagunju, A. T., Olaiya, M. T., Olatubi, M. I., Oliveira, G. M.
M., Olufadewa, I. |., Olusanya, B. O., Olusanya, J. O.,
Oluwafemi, Y. D., Omar, H. A., Omar Bali, A., Omer, G. L.,
Ondayo, M. A., Ong, S., Onwujekwe, O. E., Onyedibe, K. I.,
Ordak, M., Orisakwe, O. E., Orish, V. N., Ortega-Altamirano,
D. V., Ortiz, A., Osman, W. M. S., Ostroff, S. M., Osuagwu, U.
L., Otoiu, A., Otstavnov, N., Otstavnov, S. S., Ouyahia, A.,
Ouyang, G., Owolabi, M. O., Ozten, Y., P A, M. P., Padron-
Monedero, A., Padubidri, J. R., Pal, P. K., Palicz, T., Palladino,
C., Palladino, R., Palma-Alvarez, R. F., Pan, F., Pan, H.-F.,
Pana, A., Panda, P., Panda-donas, S., Pandi-Perumal, S. R.,
Pangaribuan, H. U., Panos, G. D., Panos, L. D.,
Pantazopoulos, I., Pantea Stoian, A. M., Papadopoulou, P.,
Parikh, R. R., Park, S., Parthasarathi, A., Pashaei, A., Pasovic,
M., Passera, R., Pasupula, D. K., Patel, H. M., Patel, J., Patel,
S. K., Patil, S., Patoulias, D., Patthipati, V. S., Paudel, U.,
Pazoki Toroudi, H., Pease, S. A., Peden, A. E., Pedersini, P.,
Pensato, U., Pepito, V. C. F., Peprah, E. K., Peprah, P.,
Perdigao, J., Pereira, M., Peres, M. F. P., Perianayagam, A.,
Perico, N., Pestell, R. G., Pesudovs, K., Petermann-Rocha, F.
E., Petri, W. A., Pham, H. T., Philip, A. K., Phillips, M. R.,
Pierannunzio, D., Pigeolet, M., Pigott, D. M., Pilgrim, T.,
Piracha, Z. Z., Piradov, M. A., Pirouzpanah, S., Plakkal, N.,
Plotnikov, E., Podder, V., Poddighe, D., Polinder, S.,
Polkinghorne, K. R., Poluru, R., Ponkilainen, V. T., Porru, F.,



sos] University of

Reading
Postma, M. J., Poudel, G. R., Pourshams, A., Pourtaheri, N.,
Prada, S. I|., Pradhan, P. M. S., Prakasham, T. N., Prasad, M.,
Prashant, A., Prates, E. J. S., Prieto Alhambra, D.,
PRISCILLA, T., Pritchett, N., Purohit, B. M., Puvvula, J.,
Qasim, N. H., Qattea, I., Qazi, A. S., Qian, G., Qiu, S.,
Qureshi, M. F., Rabiee Rad, M., Radfar, A., Radhakrishnan, R.
A., Radhakrishnan, V., Raeisi Shahraki, H., Rafferty, Q.,
Raggi, A., Raghav, P. R., Raheem, N., Rahim, F., Rahim, M. J.,
Rahimi-Movaghar, V., Rahman, M. M., Rahman, M. H. U.,
Rahman, M., Rahman, M. A., Rahmani, A. M., Rahmani, S.,
Rahmanian, V., Rajaa, S., Rajput, P., Rakovac, |., Ramasamy,
S. K., Ramazanu, S., Rana, K., Ranabhat, C. L., Rancic, N.,
Rane, A., Rao, C. R., Rao, I|. R., Rao, M., Rao, S. J., Rasali, D.
P., Rasella, D., Rashedi, S., Rashedi, V., Rashidi, M.-M.,
Rasouli-Saravani, A., Rasul, A., Rathnaiah Babu, G., Rauniyar,
S. K., Ravangard, R., Ravikumar, N., Rawaf, D. L., Rawaf, S.,
Rawal, L., Rawassizadeh, R., Rawlley, B., Raza, R. Z., Razo,
C., Redwan, E. M. M., Rehman, F. U., Reifels, L., Reiner Jr, R.
C., Remuzzi, G., Reyes, L. F., Rezaei, M., Rezaei, N., Rezaei,
N., Rezaeian, M., Rhee, T. G., Riaz, M. A., Ribeiro, A. L. P,,
Rickard, J., Riva, H. R., Robinson-Oden, H. E., Rodrigues, C.
F., Rodrigues, M., Roever, L., Rogowski, E. L. B., Rohloff, P.,
Romadlon, D. S., Romero-Rodriguez, E., Romoli, M., Ronfani,
L., Roshandel, G., Roth, G. A., Rout, H. S., Roy, N., Roy, P.,
Rubagotti, E., Ruela, G. d. A., Rumisha, S. F., Runghien, T.,
Rwegerera, G. M., Rynkiewicz, A., S N, C., Saad, A. M. A,,
Saadatian, Z., Saber, K., Saber-Ayad, M. M.,
SaberiKamarposhti, M., Sabour, S., Sacco, S., Sachdev, P. S.,
Sachdeva, R., Saddik, B., Saddler, A., Sadee, B. A., Sadeghi,
E., Sadeghi, E., Sadeghian, F., Saeb, M. R., Saeed, U.,
Safaeinejad, F., Safi, S. Z., Sagar, R., Saghazadeh, A., Sagoe,
D., Saheb Sharif-Askari, F., Saheb Sharif-Askari, N.,
Sahebkar, A., Sahoo, S. S., Sahoo, U., Sahu, M., Saif, Z.,
Sajid, M. R., Sakshaug, J. W., Salam, N., Salamati, P., Salami,
A. A., Salaroli, L. B., Saleh, M. A., Salehi, S., Salem, M. R.,
Salem, M. Z. Y., Salimi, S., Samadi Kafil, H., Samadzadeh, S.,
Samargandy, S., Samodra, Y. L., Samy, A. M., Sanabria, J.,



sos] University of

Reading
Sanna, F., Santomauro, D. F., Santos, |. S., Santric-Milicevic,
M. M., Sao Jose, B. P., Sarasmita, M. A., Saraswathy, S. Y. I.,
Saravanan, A., Saravi, B., Sarikhani, Y., Sarkar, T., Sarmiento-
Suarez, R., Sarode, G. S., Sarode, S. C., Sarveazad, A.,
Sathian, B., Sathish, T., Satpathy, M., Sayeed, A., Sayeed, M.
A., Saylan, M., Sayyah, M., Scarmeas, N., Schaarschmidt, B.
M., Schlaich, M. P., Schlee, W., Schmidt, M. |., Schneider, I. J.
C., Schuermans, A., Schumacher, A. E., Schutte, A. E.,
Schwarzinger, M., Schwebel, D. C., Schwendicke, F., éekerija,
M., Selvaraj, S., Senapati, S., Senthilkumaran, S., Sepanlou,
S. G., Serban, D., Sethi, Y., Sha, F., Shabany, M., Shafaat, A.,
Shafie, M., Shah, N. S., Shah, P. A., Shah, S. M., Shahabi, S.,
Shahbandi, A., Shahid, I., Shahid, S., Shahid, W., Shahsavari,
H. R., Shahwan, M. J., Shaikh, A., Shaikh, M. A., Shakeri, A.,
Shalash, A. S., Sham, S., Shamim, M. A., Shams-Beyranvand,
M., Shamshad, H., Shamsi, M. A., Shanawaz, M., Shankar, A.,
Sharfaei, S., Sharifan, A., Sharifi-Rad, J., Sharma, R.,
Sharma, S., Sharma, U., Sharma, V., Shastry, R. P., Shavandi,
A., Shayan, M., Shehabeldine, A. M. E., Sheikh, A., Sheikhi,
R. A., Shen, J., Shetty, A., Shetty, B. S. K., Shetty, P. H., Shi,
P., Shibuya, K., Shiferaw, D., Shigematsu, M., Shin, M.-J.,
Shin, Y. H., Shiri, R., Shirkoohi, R., Shitaye, N. A., Shittu, A.,
Shiue, |., Shivakumar, K. M., Shivarov, V., Shokraneh, F.,
Shokri, A., Shool, S., Shorofi, S. A., Shrestha, S., Shuval, K.,
Siddig, E. E., Silva, J. P., Silva, L. M. L. R., Silva, S., Simpson,
C. R., Singal, A., Singh, A., Singh, B. B., Singh, G., Singh, J.,
Singh, N. P., Singh, P., Singh, S., Sinha, D. N., Sinto, R., Siraj,
M. S., Sirota, S. B., Sitas, F., Sivakumar, S., Skryabin, V. Y.,
Skryabina, A. A., Sleet, D. A., Socea, B., Sokhan, A., Solanki,
R., Solanki, S., Soleimani, H., Soliman, S. S. M., Song, S.,
Song, Y., Sorensen, R. J. D., Soriano, J. B., Soyiri, I. N.,
Spartalis, M., Spearman, S., Sreeramareddy, C. T., Srivastava,
V. K., Stanaway, J. D., Stanikzai, M. H., Stark, B. A., Starnes,
J. R., Starodubova, A. V., Stein, C., Stein, D. J., Steinbeis, F.,
Steiner, C., Steinmetz, J. D., Steiropoulos, P., Stevanovic, A.,
Stockfelt, L., Stokes, M. A., Stortecky, S., Subramaniyan, V.,
Suleman, M., Suliankatchi Abdulkader, R., Sultana, A., Sun, H.



sos] University of

Reading
Z., Sun, J., Sundstrém, J., Sunkersing, D., Sunnerhagen, K.
S., Swain, C. K., Szarpak, L., Szeto, M. D., Szécska, M.,
Tabaee Damavandi, P., Tabarés-Seisdedos, R., Tabatabaei, S.
M., Tabatabaei Malazy, O., Tabatabaeizadeh, S.-A., Tabatabai,
S., Tabish, M., TADAKAMADLA, J., Tadakamadla, S. K., Taheri
Abkenar, Y., Taheri Soodejani, M., Taiba, J., Takahashi, K.,
Talaat, I. M., Talukder, A., Tampa, M., Tamuzi, J. L., Tan, K.-K.,
Tandukar, S., Tang, H., Tang, H. K., Tarigan, |. U., Tariku, M.
K., Tariqujjaman, M., Tarkang, E. E., Tavakoli Oliaee, R.,
Tavangar, S. M., Taveira, N., Tefera, Y. M., Temsah, M.-H.,
Temsah, R. M. H., Teramoto, M., Tesler, R., Teye-Kwadijo, E.,
Thakur, R., Thangaraju, P., Thankappan, K. R., Tharwat, S.,
Thayakaran, R., Thomas, N., Thomas, N. K., Thomson, A. M.,
Thrift, A. G., Thum, C. C. C., Thygesen, L. C., Tian, J.,
Tichopad, A., Ticoalu, J. H. V., Tillawi, T., Tiruye, T. Y., Titova,
M. V., Tonelli, M., Topor-Madry, R., Toriola, A. T., Torre, A. E.,
Touvier, M., Tovani-Palone, M. R., Tran, J. T., Tran, N. M.,
Trico, D., Tromans, S. J., Truyen, T. T. T. T., Tsatsakis, A.,
Tsegay, G. M., Tsermpini, E. E., Tumurkhuu, M., Tung, K.,
Tyrovolas, S., Uddin, S. M. N., Udoakang, A. J., Udoh, A.,
Ullah, A., Ullah, I., Ullah, S., Ullah, S., Umakanthan, S.,
Umeokonkwo, C. D., Unim, B., Unnikrishnan, B., Unsworth, C.
A., Upadhyay, E., Urso, D., Usman, J. S., Vahabi, S. M.,
Vaithinathan, A. G., Valizadeh, R., Van de Velde, S. M., Van
den Eynde, J., Varga, O., Vart, P., Varthya, S. B., Vasankari, T.
J., Vasic, M., Vaziri, S., Vellingiri, B., Venketasubramanian, N.,
Verghese, N. A., Verma, M., Veroux, M., Verras, G.-1.,
Vervoort, D., Villafane, J. H., Villanueva, G. Il., Vinayak, M.,
Violante, F. S., Viskadourou, M., Vladimirov, S. K., Vlassov, V.,
Vo, B., Vollset, S. E., Vongpradith, A., Vos, T., Vujcic, I. S.,
Vukovic, R., Wafa, H. A., Waheed, Y., Wamai, R. G., Wang, C.,
Wang, N., Wang, S., Wang, S., Wang, Y., Wang, Y.-P., Waqas,
M., Ward, P., Wassie, E. G., Watson, S., Watson, S. L. W.,
Weerakoon, K. G., Wei, M. Y., Weintraub, R. G., Weiss, D. J.,
Westerman, R., Whisnant, J. L., Wiangkham, T.,
Wickramasinghe, D. P., Wickramasinghe, N. D., Wilandika, A.,
Wilkerson, C., Willeit, P., Wilson, S., Wojewodzic, M. W.,



University of

Reading
Woldegebreal, D. H., Wolf, A. W., Wolfe, C. D. A.,
Wondimagegene, Y. A., Wong, Y. J., Wongsin, U., Wu, A.-M.,
Wu, C., Wu, F., Wu, X., Wu, Z., Xia, J., Xiao, H., Xie, Y., Xu, S.,
Xu, W.-D., Xu, X., Xu, Y. Y., Yadollahpour, A., Yamagishi, K.,
Yang, D., Yang, L., Yano, Y., Yao, Y., Yaribeyqgi, H., Ye, P.,
Yehualashet, S. S., Yesiltepe, M., Yesuf, S. A, Yezli, S., Yi, S.,
Yigezu, A., Yigit, A., Yigit, V., Yip, P., Yismaw, M. B., Yismaw,
Y., Yon, D. K., Yonemoto, N., Yoon, S.-J., You, Y., Younis, M.
Z., Yousefi, Z., Yu, C., Yu, Y., Yuh, F. H., Zadey, S., Zadnik, V.,
Zafari, N., Zakham, F., Zaki, N., Zaman, S. B., Zamora, N.,
Zand, R., Zangiabadian, M., Zar, H. J., Zare, |., Zarrintan, A.,
Zeariya, M. G. M., Zeinali, Z., Zhang, H., Zhang, J., Zhang, J.,
Zhang, L., Zhang, Y., Zhang, Z.-J., Zhao, H., Zhong, C., Zhou,
J., Zhu, B., Zhu, L., Ziafati, M., Zielinska, M., Zitoun, O. A.,
Zoladl, M., Zou, Z., Zuhlke, L. J., Zumla, A., Zweck, E., Zyoud,
S. H., Wool, E. E. and Murray, C. J. L. (2024) Global burden of
288 causes of death and life expectancy decomposition in 204
countries and territories and 811 subnational locations, 1990-
2021: a systematic analysis for the Global Burden of Disease
Study 2021. The Lancet. ISSN 1474-547X doi:
10.1016/S0140-6736(24)00367-2 Available at
https://centaur.reading.ac.uk/116163/

It is advisable to refer to the publisher’s version if you intend to cite from the

work. See Guidance on citing.
Published version at: http://dx.doi.org/10.1016/S0140-6736(24)00367-2

To link to this article DOI: http://dx.doi.org/10.1016/S0140-6736(24)00367-2

Publisher: Elsevier

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur



http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
CentAUR

Central Archive at the University of Reading

Reading’s research outputs online



Articles

Global burden of 288 causes of death and life expectancy
decomposition in 204 countries and territories and

811 subnational locations, 1990-2021: a systematic analysis
for the Global Burden of Disease Study 2021

GBD 2021 Causes of Death Collaborators*

Summary

Background Regular, detailed reporting on population health by underlying cause of death is fundamental for public
health decision making. Cause-specific estimates of mortality and the subsequent effects on life expectancy worldwide
are valuable metrics to gauge progress in reducing mortality rates. These estimates are particularly important
following large-scale mortality spikes, such as the COVID-19 pandemic. When systematically analysed, mortality
rates and life expectancy allow comparisons of the consequences of causes of death globally and over time, providing
a nuanced understanding of the effect of these causes on global populations.

Methods The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021 cause-of-death analysis estimated
mortality and years of life lost (YLLs) from 288 causes of death by age-sex-location-year in 204 countries and territories
and 811 subnational locations for each year from 1990 until 2021. The analysis used 56 604 data sources, including data
from vital registration and verbal autopsy as well as surveys, censuses, surveillance systems, and cancer registries, among
others. As with previous GBD rounds, cause-specific death rates for most causes were estimated using the Cause of
Death Ensemble model—a modelling tool developed for GBD to assess the out-of-sample predictive validity of different
statistical models and covariate permutations and combine those results to produce cause-specific mortality estimates—
with alternative strategies adapted to model causes with insufficient data, substantial changes in reporting over the study
period, or unusual epidemiology. YLLs were computed as the product of the number of deaths for each cause-age-sex-
location-year and the standard life expectancy at each age. As part of the modelling process, uncertainty intervals (Uls)
were generated using the 2-5th and 97 - 5th percentiles from a 1000-draw distribution for each metric. We decomposed
life expectancy by cause of death, location, and year to show cause-specific effects on life expectancy from 1990 to 2021.
We also used the coefficient of variation and the fraction of population affected by 90% of deaths to highlight
concentrations of mortality. Findings are reported in counts and age-standardised rates. Methodological improvements
for cause-of-death estimates in GBD 2021 include the expansion of under-5-years age group to include four new age
groups, enhanced methods to account for stochastic variation of sparse data, and the inclusion of COVID-19 and other
pandemic-related mortality—which includes excess mortality associated with the pandemic, excluding COVID-19, lower
respiratory infections, measles, malaria, and pertussis. For this analysis, 199 new country-years of vital registration cause-
of-death data, 5 country-years of surveillance data, 21 country-years of verbal autopsy data, and 94 country-years of other
data types were added to those used in previous GBD rounds.

Findings The leading causes of age-standardised deaths globally were the same in 2019 as they were in 1990; in descending
order, these were, ischaemic heart disease, stroke, chronic obstructive pulmonary disease, and lower respiratory
infections. In 2021, however, COVID-19 replaced stroke as the second-leading age-standardised cause of death, with
94-0 deaths (95% UI 89-2-100-0) per 100000 population. The COVID-19 pandemic shifted the rankings of the leading
five causes, lowering stroke to the third-leading and chronic obstructive pulmonary disease to the fourth-leading position.
In 2021, the highest age-standardised death rates from COVID-19 occurred in sub-Saharan Africa (271-0 deaths
[250-1-290-7] per 100000 population) and Latin America and the Caribbean (195-4 deaths [182-1-211-4] per
100000 population). The lowest age-standardised death rates from COVID-19 were in the high-income super-region
(48-1 deaths [47 -4-48 - 8] per 100000 population) and southeast Asia, east Asia, and Oceania (232 deaths [16-3-37- 2] per
100000 population). Globally, life expectancy steadily improved between 1990 and 2019 for 18 of the 22 investigated
causes. Decomposition of global and regional life expectancy showed the positive effect that reductions in deaths from
enteric infections, lower respiratory infections, stroke, and neonatal deaths, among others have contributed to improved
survival over the study period. However, a net reduction of 1- 6 years occurred in global life expectancy between 2019 and
2021, primarily due to increased death rates from COVID-19 and other pandemic-related mortality. Life expectancy was
highly variable between super-regions over the study period, with southeast Asia, east Asia, and Oceania gaining 8 -3 years
(6-7-9-9) overall, while having the smallest reduction in life expectancy due to COVID-19 (0-4 years). The largest
reduction in life expectancy due to COVID-19 occurred in Latin America and the Caribbean (3-6 years). Additionally,
53 of the 288 causes of death were highly concentrated in locations with less than 50% of the global population as of 2021,
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and these causes of death became progressively more concentrated since 1990, when only 44 causes showed this pattern.
The concentration phenomenon is discussed heuristically with respect to enteric and lower respiratory infections,
malaria, HIV/AIDS, neonatal disorders, tuberculosis, and measles.

Interpretation Long-standing gains in life expectancy and reductions in many of the leading causes of death have been
disrupted by the COVID-19 pandemic, the adverse effects of which were spread unevenly among populations. Despite
the pandemic, there has been continued progress in combatting several notable causes of death, leading to improved
global life expectancy over the study period. Each of the seven GBD super-regions showed an overall improvement from
1990 and 2021, obscuring the negative effect in the years of the pandemic. Additionally, our findings regarding regional
variation in causes of death driving increases in life expectancy hold clear policy utility. Analyses of shifting mortality
trends reveal that several causes, once widespread globally, are now increasingly concentrated geographically. These
changes in mortality concentration, alongside further investigation of changing risks, interventions, and relevant policy,
present an important opportunity to deepen our understanding of mortality-reduction strategies. Examining patterns in
mortality concentration might reveal areas where successful public health interventions have been implemented.
Translating these successes to locations where certain causes of death remain entrenched can inform policies that work

to improve life expectancy for people everywhere.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
For more than three decades, the Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) has
been systematically and comprehensively recording and
analysing causes of human death stratified by age, sex,
and time across the world.”* This information has been
used to guide policy solutions, reduce modifiable risk
factors, monitor and evaluate national and sub-national
health interventions, and ultimately improve health
recommendations at both regional and local levels.'
Assessing trends in cause-specific mortality is essential
to inform health policy that must continuously evolve to
account for rapid changes to the global health landscape,
such as the COVID-19 pandemic.® Comprehensive
updates to levels and trends in causes of death give
insight into emerging global health challenges and can
facilitate benchmarking in the case of a new pandemic or
other events that can lead to a staggering loss of life.
Therefore, documenting novel changes to mortality, such
as an emerging pandemic, in real time, is important.
Causes of death are not uniformly distributed between
populations; rather, large variability in the leading
causes often reflects important social and geographical
differences.* These differences can include access to and
quality of health care, timeliness of health system
responsiveness, and exposure to causes that are
endemic to specific geographical locations.* Mortality
patterns continually evolve, as some areas become
successful in their reduction efforts, whereas other
causes persist within specific locations. The past
30 years have seen improvements among many causes
of mortality, some of which have considerably narrowed
in geographical range and are now concentrated within
smaller areas worldwide. This change enables us to
identify the resulting areas of concentrated mortality—
areas where deaths from that cause are occurring within

a limited subset of the global population. Our analysis
provides an opportunity to answer important epidem-
iological questions that have been at the forefront of
global and public health discourse—eg, which causes
have contributed to the largest increase or decrease in
life expectancy, which locations are experiencing greater
concentrations of preventable causes of death, and how
has COVID-19 and other pandemic-related mortality
(OPRM) affected life expectancy and the overall fatal
burden of diseases? Regional variation in many of the
leading causes of death remains evident in these most
recent estimates, representing important opportunities
for creating tailored health policy to improve disparities
and alleviate concentrations of mortality.

GBD 2021 provides an updated, comprehensive set of
the fatal burden of disease summarised with cause-
specific mortality metrics and years-of-life-lost (YLLs)
metrics for 288 causes by age and sex across
204 countries and territories from 1990 to 2021, an
update from the previously published estimates
covering 1990-2019. In this study, we present mortality
concentrations and a decomposition analysis of life
expectancy due to different causes of death and illustrate
the impact of causes of death on global, regional, and
country-specific life expectancy, as well as highlighting
locations that are most affected by concentrated
geographical mortality burden. As with previous
iterations of GBD, this cycle incorporates newly
available data sources and improved methodological
approaches to re-estimate the entire time series,
providing updated estimates that supersede all previous
GBD cause-of-death publications. GBD 2021 includes
an estimation of several different models for disease
and injury outcomes. This manuscript was produced as
part of the GBD Collaborator Network and in accordance
with the GBD Protocol.’
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Research in context

Evidence before this study

The Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) has provided reqgular updates on the complex patterns
and trends in population health around the world since the first
GBD publication in 1993. With each subsequent iteration, there
have been important methodological updates, new datasets
included, and an expanded list of causes, risk factors, and
locations for which estimates of the burden of disease are
produced. In 1993, mortality and years of life lost (YLLs) were
reported for 107 categories of diseases that covered all possible
causes of death, for eight regions. In the last GBD cycle—GBD
2019—estimates of mortality and YLLs were produced for

286 causes of death in 204 countries and territories, including
all WHO member states, and for subnational locations in

21 countries and territories, for every year from 1990 to 2019.
Although many groups have reported on national-level, cause-
specific mortality and other population-health metrics,
including the WHO World Health Statistics reports, GBD is the
most detailed and transparent research effort to date. Further,
estimates of COVID-19-related deaths in 2020 and 2021 have
been reported by several sources, including GBD studies that
have quantified excess mortality due to the pandemic within a
subset of GBD locations. However, no previous publications
have quantified the effect of COVID-19 on life expectancy, while
considering the full spectrum of disease mortality over the past
three decades, across all countries and territories. This study
presents, for the first time, 288 causes of death from 1990 to
2021, complementary to the all-cause mortality findings
presented in the GBD 2021 Demographics analysis. Combined,
these studies provide a comprehensive view of all-cause and
cause-specific mortality from 1990 to 2021.

Added value of this study

Alongside the all-cause mortality and life-expectancy
assessments in companion publications for GBD 2021, this
analysis delineates cause-specific mortality and its effect on life
expectancy. This study includes a comprehensive decomposition
analysis elucidating the primary cause of death influencing life
expectancy on a global, regional, and national level.
Additionally, we present causes of death and YLLs for all
countries and territories, providing policy makers with valuable
insights into variations in cause-specific mortality. This study is
also the first of its kind to publish 2021 estimates of COVID-19-
related deaths and YLLs for 204 countries and territories in the
context of the global burden of disease. Although other
publications have estimated deaths due to COVID-19, those
deaths have not previously been compared with deaths from
other causes. By modelling COVID-19 deaths within a hierarchy

Methods
Overview
In GBD 2021, we produced estimates for each
epidemiological quantity of interest for 288 causes of
death by age-sex-location-year for 25 age groups from

of mutually exclusive and collectively exhaustive causes of
death, this study provides policy makers with information that
is essential for setting health priorities around the world.

To obtain more comprehensive insights from life expectancy, it
is necessary to break it down into age-specific mortality, which
is influenced by cause-specific mortality rates. We examined the
effect of COVID-19 and other causes of death on life expectancy
by decomposing death counts into different cause-specific
mortality rates across various dimensions, including country or
territory, region, super-region, and five distinct time periods:
1990-2000, 2000-2010, 2010-2019, 2019-2021, and
1990-2021. We could therefore systematically calibrate the
COVID-19 pandemic against other causes of mortality over the
period 1990-2021. Finally, our study identified several causes of
death that exhibited increased geographical concentration over
time—ie, causes with a disproportionate impact within a specific
geographical area compared with the rest of the global
observations. This analysis provides policy makers important
information on regional variation and inequalities in cause-
specific mortality. Also new to GBD 2021, we report on

12 additional causes of death: COVID-19 and other pandemic-
related mortality, pulmonary arterial hypertension, and

nine cancer types—hepatoblastoma, Burkitt lymphoma, other
non-Hodgkin lymphoma, eye cancer, retinoblastoma, other eye
cancers, soft tissue and other extraosseous sarcomas, malignant
neoplasm of bone and articular cartilage, and neuroblastoma
and other peripheral nervous-cell tumours. Granularity of the
estimation of deaths in children younger than 5 years was
enhanced by the addition of four new age groups: 1-5 months,
6-11 months, 12-23 months, and 2-4 years.

Implications of all the available evidence

Our study provides a full analysis of causes of death worldwide
and across time, alongside the changing patterns in life
expectancy precipitated by those causes. Increasing
geographical concentration of mortality was observed for many
causes of death, highlighting disparities between regions and
substantial differences in cause-specific contributions to life
expectancy. On a global scale, this information provides an
opportunity to examine whether reductions in mortality were
resilient to the onset of a novel pandemic. On a regional level,
the estimates generated by our study provide important detail
on the evolving impact of causes of death among countries,
allowing crucial insight into differential success by geography,
time, and cause. The comprehensive nature of GBD 2021 cause-
of-death estimation provides valuable opportunities to learn
from mortality gains and losses, helping to accelerate progress
in reducing mortality.

birth to 95 years and older; for males, females, and both
sexes combined; in 204 countries and territories grouped
into 21 regions and seven super-regions; and for every
year from 1990 to 2021. GBD 2021 also includes
subnational analyses for 21 countries and territories
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See Online for appendix 1

For the GBD data sources see
https://ghdx.healthdata.org/
ghd-2021/sources

(appendix 1 section 2.1). An international network of
collaborators provides, reviews, and analyses the available
data to generate these metrics; GBD 2021 drew on the
expertise of more than 11000 collaborators from more
than 160 countries and territories.

The methods used to generate these estimates closely
followed those for GBD 2019.° These methods have been
extensively peer reviewed over previous rounds of the
GBD study*™ and as part of the peer-review process for
GBD 2021. Here, we provide an overview of the methods
with an emphasis on the main methodology changes
since GBD 2019; a comprehensive description of the
analytical methods for GBD 2021 is provided in
appendix 1.

The GBD 2021 cause-of-death estimates described here
include cause-specific mortality and the premature death
metric (YLLs). We calculated YLLs as the number of
deaths for each cause-age-sex-location-year multiplied by
the standard life expectancy at each age (appendix 1
section 6.3). Standard life expectancy is calculated from
the lowest age-specific mortality rate between countries.”
Briefly, we estimated cause-specific death rates for
209 causes using the Cause of Death Ensemble model
(CODEm), and we used alternative strategies to model
causes with little data, substantial changes in reporting
over the study period, or unusual epidemiology. The
modelling strategy used for all causes of death can be
found in appendix 1 (table S10). CODEm is a modelling
tool developed specifically for GBD that assesses the out-
of-sample predictive validity of different statistical models
and covariate permutations and then combines the
results from those assessments to produce cause-specific
estimates of the burden of mortality. Methodological
improvements for cause-of-death estimates in the present
round of estimation focused on several key areas. First,
cause-of-death data were updated to include age data for
the following age groups younger than 5 vyears:
1-5 months, 6-11 months, 12-23 months, and 2—4 years.
Second, we implemented enhanced methods to account
for stochastic variation in cause-of-death data and improve
the estimation of small cause fractions present in less
common causes of death. Third, we added 199 new
country-years of vital registration cause-of-death data,
5 country-years of surveillance data, 21 country-years of
verbal autopsy data, and 94 country-years of other data
types. Lastly, we incorporated COVID-19 and OPRM,
which includes excess mortality associated with the
COVID-19 pandemic, excluding deaths from COVID-19,
lower respiratory infections, measles, malaria, and
pertussis.

The GBD disease and injury hierarchy

GBD classifies diseases and injuries into a hierarchy with
four levels that include both fatal and non-fatal causes.
Level 1 causes include three broad aggregate categories
(communicable, maternal, neonatal, and nutritional
[CMNN] diseases; non-communicable diseases [NCDs;

and injuries) and Level 2 disaggregates those categories
into 22 clusters of causes, which are further disaggregated
into Level 3 and Level 4 causes. At the most detailed level,
288 fatal causes are estimated. For a full list of causes of
death by level, see appendix 1 (table S2). For GBD 2021, we
separately report on 12 causes of death for the first time:
COVID-19, OPRM, pulmonary arterial hypertension, and
nine cancer types: hepatoblastoma, Burkitt lymphoma,
other non-Hodgkin lymphoma, eye cancer, retinoblastoma,
other eye cancers, soft tissue and other extraosseous
sarcomas, malignant neoplasm of bone and articular
cartilage, and neuroblastoma and other peripheral
nervous cell tumours.

Data sources, processing, and assessing for
completeness

The GBD 2021 cause-of-death database included data
sources identified in previous rounds of estimation in
addition to 9248 new sources (appendix 1 table S5). We
included multiple data types to capture the widest array
of information, including vital registration and verbal
autopsy for all 288 causes as well as survey, census,
surveillance, cancer registry, police records, open-source
databases, and minimally invasive tissue sampling. To
standardise these data so that they can be compared by
cause, age, sex, location, and time, we applied a set of
data processing corrections. First, deaths with insufficient
age data to estimate the GBD age groups or missing age
and sex data underwent age and sex splitting to assign
GBD age groups as well as sex (appendix 1 section 3.5).
Additionally, garbage codes, which are non-specific,
implausible, or intermediate, rather than underlying
cause of death codes from the International Classification
of Diseases, were redistributed to appropriate targets to
assign the underlying cause of death.” We excluded data
sources with more than 50% of all deaths assigned to
major garbage codes (class 1 or class 2 garbage codes) in
a given year for a specific location (location-year) to
mitigate the potential for bias from these sources
(appendix 1 section 3.7). For GBD 2021, we established a
buffer system so that location-years that were included in
the previous GBD cycle would not be dropped from the
current cycle as long as less than 55% of all deaths were
assigned to major garbage codes. This 5% buffer ensured
greater consistency in data source inclusion from one
cycle to the next.

Assessing data completeness illustrates the coverage
from a data source on overall mortality for the country.
Vital  registration and  verbal autopsy data
completeness—a  source-specific estimate of the
percentage of total cause-specific deaths that are reported
in a given location and year—was assessed by location-
year, and sources with less than 50% completeness were
excluded. We excluded 142 country-years of data because
of completeness. As with garbage codes, we used a
5% buffer so that sources included in the previous GBD
cycle would not be excluded from the current cycle if
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they had at least 45% completeness, allowing us to retain
24 country-years that had previously been dropped. We
then multiplied the estimated all-cause mortality for
each age-sex-location-year by the cause fraction for the
corresponding  age-sex-location-year to adjust all
included sources to 100% completeness. Verbal autopsy
and vital registration data availability, completeness, and
quality rating for each location-year are available in
appendix 1 (section 3), as well as full details on all data
processing corrections.

Improvements in GBD 2021 to cause of death data
processing and estimation

Adjustments for stochastic variation

In GBD 2021, we made two primary improvements to the
methods used to reduce stochastic variation, most
affecting causes of death with small sample sizes. First,
we updated the Bayesian algorithm used in the noise
reduction of these data to improve the preservation of
real trends in data with large sample sizes, and imparted
additional information from regional trends for data with
small sample sizes. Second, the non-zero floor, a method
that addresses distorted data shapes and nonsensical
trends caused by small numbers when transformed to
log space, was updated to be time-invariant and
independent of demographic inputs. The full details of
these two key improvements, as well as other
improvements that address stochastic variation, can be
found in appendix 1 (section 3.14).

COVID-19 and OPRM estimation

We derived COVID-19 and OPRM estimates from an
analysis of the overall excess mortality due to the
COVID-19 pandemic from January 1, 2020, to
December 31, 2021. Full details of the estimation of
excess mortality, COVID-19 deaths, and OPRM are
provided in appendix 1 (section 5). To estimate excess
mortality, we first developed a database of all-cause
mortality by week and month after accounting for
reporting lags, anomalies such as heat waves, and under-
registration of deaths. Next, we developed an ensemble
model to predict expected deaths in the absence of the
COVID-19 pandemic for the years 2020 and 2021. In
location and time combinations with data used for these
models, we estimated excess mortality as observed
mortality minus expected mortality. To estimate excess
mortality for location-years without data, we developed a
statistical model to directly predict the excess mortality
due to COVID-19, using covariates that pertained to both
the COVID-19 pandemic and background population-
health-related metrics at the population level before
SARS-CoV-2 emerged. Uncertainty was propagated
through each step of this estimation procedure.”

To produce the final estimates of COVID-19 deaths
used in GBD 2021, we used a counterfactual approach.
The counterfactual estimates the number of deaths if
infection detection rates were at the highest observed

value for each location-year. Using the ratio of
counterfactual over estimated excess deaths and the ratio
of reported COVID-19 deaths over excess deaths, we
calculated the ratio of total COVID-19 deaths over
reported COVID-19 deaths and multiplied this figure by
the number of reported COVID-19 deaths for our final
estimates of COVID-19 deaths.”

To account for increases in excess mortality in 2020 and
2021 that could not be attributed to particular causes, we
introduced a residual cause, OPRM. We identified four
causes of death—lower respiratory infections, measles,
malaria, and pertussis—as related to the COVID-19
pandemic and having reliable enough estimates to not
contribute to OPRM. Thus, we calculated OPRM as the
difference between excess mortality and the sum of
deaths due to COVID-19 and these four causes.”

Presentation of cause-specific mortality estimates
Cause-specific mortality estimates for 2021 are given in
death counts and age-standardised rates per
100000 population, calculated using the GBD standard-
population structure.” For changes over time, we present
percentage changes over the period 1990-2021, and
annualised rates of change as the difference in the
natural log of the values at the start and end of the time
interval divided by the number of years in the interval.
We computed uncertainty intervals (Uls) for all metrics
using the mean estimate across 1000 draws (appendix 1
sections 2-3), and 95% Uls are given as the 2-5th and
97-5th percentiles of that distribution.

Life-expectancy decomposition

The objective of life-expectancy decomposition is to
analyse the difference in life expectancy by age and
location, quantifying contributions from specific causes
(appendix 1 section 7). We examined temporal trends in
causes over continuous time periods across different
locations. We aimed to identify the effect of causes
of death on life expectancy by using three main
decomposition steps. For this study, we investigated the
top-20 Level 2 and Level 3 GBD causes contributing to
change in life expectancy. The remaining causes were
then combined as “other communicable and maternal
disorders” or “other NCDs”. The first step involved
decomposing the difference in life expectancy by age.
We calculated age-specific contributions to understand
the variation in life expectancy across different
age groups. In the second step, each age-specific
contribution was further decomposed into cause-age-
specific contributions. This analysis allowed for the
identification of the specific causes of death that
contributed to the differences in life expectancy within
each age group. Finally, we aggregated the cause-age-
specific contributions across age groups to produce
cause-specific contributions to the overall difference
in life expectancy. This aggregation provided a
comprehensive understanding of how different causes
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of death contributed to the observed variations in life
expectancy. By applying this decomposition approach,
we gain insights into the relative effect of different
causes of death on changes in life expectancy by age and
location.

Calculation of mortality concentration

Concentrated causes in GBD refer to causes that exhibit a
disproportionate impact in a specific geographical subset
of the data compared with the rest of the global
observations. In GBD 2021, we used two different methods
to identify these concentrated causes: coefficient of
variation and mortality concentration.

Coefficient of variation

For each GBD cause, we calculated a coefficient of
variation using standard statistical methods. This
measure assesses the variability of a population relative
to its mean.” The observations considered for this
calculation were national, age-standardised, both-sex
mortality rates, using the mean mortality rate between
2019 and 2021. Causes with larger coefficients of variation
have data that are less centred around the mean and
indicate a greater likelihood of a concentrated cause.

Mortality concentration

To identify concentrations of mortality—geographical
locations or groups of locations with populations that
are disproportionately affected by a particular cause—we
first calculated the total number of all-age, both-sex
deaths in 2021 by cause in each of the 811 subnational
locations and sorted these locations by number of deaths
in descending order. We then calculated the cumulative
percentage of deaths by dividing location-specific
cumulative deaths by the number of global deaths for
each cause. When the cumulative percentage reached or
exceeded 90% for a given cause, we divided the
population of the geographical subset included in that
cumulative percentage by the total global population
in 2021, using population estimates from the GBD
population model described in previous publications.”"
This identification of geographical subsets that contain
at least 90% of deaths from a given cause but represent a
comparatively small share of the global population was
used to identify potential inequalities in the incidence of
mortality between locations and populations. In addition
to identifying these concentrations of mortality in 2021,
we repeated this same analysis for 1990. By comparing
the respective proportions of affected global population

Leading causes 1990 Age-standardised rate Leading causes 2019 Age-standardised rate Leading causes 2021 Age-standardised rate
of deaths per 100000, of deaths per 100000, of deaths per 100000,
1990 2019 2021

1 Ischaemic heart disease 158-9 (147-4t0 165-4) 1 Ischaemic heart disease 110-9 (1025 t0 116-9) 1 Ischaemic heart disease 108-7 (99-8 to 115-6)

2 Stroke 144-3 (1340 t0 152-3) 2 Stroke 893 (81:6 t0 95:6) 2 COVID-19 94-0 (89-2 t0 100-0)

3 COPD 719 (64-6 to 77-5) 3 COPD 461 (42:0t0 49-8) 3 Stroke 87-4 (79-5 to 94-4)

4 Lower respiratory infections 61.8 (57-0t0 66-8) 4 Lower respiratory infections 347 (31-5t0 37°5) 4 COPD 452 (407 t0 49-8)

5 Diarrhoeal diseases 60-6 (46-7t079-6) 5 Neonatal disorders 30-7 (26:8t035-3) 5 Other pandemic-related death 32:3(24-8t043-3)

6 Neonatal disorders 460 (43-5t0 48-9) d 6 Alzheimer's and other dementias 250 (6-2 to 65-0) 6 Neonatal disorders 29-6 (25-3t0 34-4)

7 Tuberculosis 40-0 (34-1t0 44-6) 7 Lung cancer 237 (21-8t0 25-8) 7 Lower respiratory infections 28.7 (26-0t0 31-1)

8 Lung cancer 27-6 (26-1t0 29-0) ! 8 Diabetes 19-8 (18-5t0 20-8) 8 Alzheimer's and other dementias 252 (6-4 to 65-6)

9 Alzheimer's and other dementias || 25-1(6:0to 66-1) 9 Chronic kidney disease 186 (16-9t0 19-8) 9 Lung cancer 23.5 (212 to 25-9)
10 Cirrhosis 24-4(22-3t027-5) |10 Diarrhoeal diseases 17-1(12-4t023-2) {10 Diabetes 19-6 (18-2t0 20-8)
11 Stomach cancer 22.0 (20-1 to 24-0) ~{ 11 Cirrhosis 17-1(15-9 to 18-5) » 11 Chronic kidney disease 185 (16-7t0 19:9)
12 Road injuries 21-8 (20:9t0 22-8) ‘3 12 Hypertensive heart disease 16:9 (14-1t0 18-6) *| 12 Cirrhosis liver 16-6 (15-2t0 18-2)
13 Hypertensive heart disease 20-9 (17-1to 23-3) |13 Road injuries 15-1(14-2 t0 16-0) *| 13 Hypertensive heart disease 16-3 (13:7t018-1)
14 Diabetes 182 (17-0t0 19-1) : 14 Tuberculosis 14-9 (13-7t0 16-4) K 14 Diarrheal diseases 15-4 (10-9 t0 20-9)
15 Colorectal cancer 15-6 (14-5t0 16-3) 115 Colorectal cancer 12-6 (11-6 to 13-4) *{ 15 Road injuries 14-6 (13-6 t0 15-6)
16 Congenital defects 152 (9:6t019-7) ; 16 Stomach cancer 11.5(9-9to 12:9) {16 Tuberculosis 14-0 (12-6 to 15-8)
17 Self-harm 14-9 (12-8t0 15-8) \\‘ 17 Falls 10-3 (8-8t011-2) 17 Colorectal cancer 12-4 (112 t0 13-4)
18 Chronic kidney disease 14-9 (13-7t0 16-4) * : 18 HIV/AIDS 9-8 (9-0t0 11-0) {18 Stomach cancer 11-2 (9-6 to 12:6)

19 Malaria 12.5 (6-1t0 26-0) ‘ 19 Malaria 9-3(3-7t018:3) —{ 19 Malaria 10-5 (3-9t0 21-4)
20 Measles 110 (3-9t0 22-6) o 20 Self-harm 9-2(8:6t097) 20 Falls 9-9(8-5t010-8)
21 Falls 109 (9-8t0 11-8) (21 Congenital defects 8.9 (7:7t010-9) 21 Self-harm 9-0(83t0 9-6)
34 HIV/AIDS 5.9 (4-5t07-8) “[67 Measles 1.4 (05 t0 3-0) {22 Hiv/aiDs 87 (81t09-6)
[J Non-communicable diseases
[J Communicable, maternal, neonatal, and nutritional causes
[ Injuries

Figure 1: Leading Level 3 causes of global deaths and age-standardised death rate per 100 000 population for males and females combined, 1990, 2019, and 2021
Figure shows the 20 leading causes of death in descending order. Causes are connected by lines between time periods; solid lines represent an increase or lateral shift in ranking and dashed lines are
decreases in rank. COPD=chronic obstructive pulmonary disease. Lung cancer=tracheal, bronchus, and lung cancer.
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Figure 2: Age-standardised mortality rate per 100 000 population for the ten leading Level 3 causes of death globally, 2019-21

Whisker plot in which the y-axis represents the age-standardised mortality rate and the x-axis represents a selected cause-year. Causes are arranged from highest to
lowest age-standardised mortality rate, with each cause assigned a distinct colour for identification. The whiskers represent the 95% uncertainty interval.
COPD=chronic obstructive pulmonary disease. OPRM=other pandemic-related mortality.

in these two years, we were able to differentiate causes
that showed increased, decreased, or unchanged
concentrations of mortality. The causes highlighted in
this study were those characterised by an age-
standardised mortality rate greater than 0-5 per
100000 population. The purpose of presenting mortality
concentrations is to illustrate causes that are
disproportionately affecting specific populations, when
previously that cause affected large swaths of the
population. Thus, we did not calculate the mortality
concentration for causes that are endemic to certain
regions, as the mortality rate is already known to be
concentrated among specific parts of the global
population. We excluded two endemic causes, Ebola
virus disease and Chagas disease, from this calculation.

GBD research and reporting practices

This research is compliant with the Guidelines for
Accurate and Transparent Health Estimates Reporting
recommendations (GATHER; appendix 1 table S4).*
Software packages used in the cause-of-death analysis for
GBD 2021 were Python (version 3.10.4), Stata
(version 13.1), and R (version 4.2.1). Statistical code used
for GBD estimation is publicly available online.

Role of the funding source

The funder of this study had no role in study design, data
collection, data analysis, data interpretation, or the
writing of the report.

Results

Global causes of death

From 1990 to 2019, the annual rate of change in global
deaths from all causes ranged from -0-9% (95% Ul
—-2-7100-8) to 2-4% (0-1 to 4-7; appendix 2 figure S1).
The corresponding annual rates of change in the global
age-standardised mortality rate ranged from -3-3%
(-5-0 to =1-6) to 0-4% (-1-9 to 2-5). In 2020, however,
the total number of deaths worldwide increased
by 10-8% (6-4 to 15-4) compared with 2019, from
57-0 million deaths (54-9 to 59-5) in 2019 to
63-1 million deaths (60-6 to 65-9) in 2020. This trend
persisted in 2021, with an increase of 7-5% (3-1to 12-4)
relative to 2020, to 67-9 million (65-0 to 70-8) deaths.
The age-standardised mortality rate followed a similar
pattern, increasing by 8-1% (3-9 to 12-4) in 2020 and
an additional 5-2% (1-0 to 9-7) in 2021. In 2020 and
2021, deaths from COVID-19 and OPRM changed the
pattern of mortality for the leading causes of age-
standardised death (figures 1, 2; table 1). At Level 3 of
the GBD cause-classification hierarchy, the rankings of
the four causes of death with the highest age-
standardised mortality rates were the same in 2019 as
they were in 1990, with each showing a steady decline
in its age-standardised death rate (figure 1). These
causes were, in descending order, ischaemic heart
disease, stroke, chronic obstructive pulmonary disease,
and lower respiratory infections. In 2021, however,
COVID-19 replaced stroke as the second leading cause
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Articles

Global Central Europe, High income Latin America North Africaand South Asia Southeast Asia,  Sub-Saharan
eastern Europe, and Caribbean  Middle East east Asia, and Africa
and central Asia Oceania
2020
1
Cause Ischaemic heart  Ischaemic heart  Ischaemic heart ~ COVID-19 Ischaemic heart  Ischaemic heart  Stroke COVID-19
disease disease disease disease disease
Age-standardised rate (per 109-4 2153 51-4 1337 205-2 150-3 1428 1589
100000 population) (100-7-116-1) (199-2-225-7) (45-1-54-6) (121-5-145-3) (182:7-225-6) (139:7-162-2) (123-9-159-8) (148-5-170-0)
Number 8840000 1410000 1290000 799000 760000 1960000 3460000 659000
(8180000- (1310000- (1110000~ (725000- (681000~ (1820000~ (3030000~ (615000-
9360000) 1480000) 1390000) 869000) 838000 2110000) 3880000) 706000)
2
Cause Stroke Stroke COVID-19 Ischaemic heart ~ COVID-19 Chronic Ischaemic heart Stroke
disease obstructive disease
pulmonary
disease
Age-standardised rate (per 883 1107 41-8 843 1239 104-1 110-8 126-2
100000 population) (80-2-95.0) (102:7-115-6) (40-8-42-8) (77-2-89-4) (106-8-1371) (92:3-117.0) (97-3-124-6) (113-4-140-4)
Number 7140000 726000 930000 496000 483000 1230000 2570000 481000
(6500 000- (675000- (908 000- (454000~ (415000- (1090000- (2260000- (432000-
7680000) 758000) 952000) 525000) 537000) 1370000) 2880000) 538000)
3
Cause COVID-19 COVID-19 Stroke Stroke Stroke COVID-19 Chronic Ischaemic heart
obstructive disease
pulmonary disease
Age-standardised rate (per 587 729 290 475 103-8 101-8 669 929
100000 population) (55-8-62-4) (64-1-81-7) (247-31-2) (43-4-50-5) (92:0-115-6) (95-0-108:5) (57-4-77-0) (83-1-103-0)
Number 4800000 467000 764000 278000 370000 1320000 1500000 346000
(4560 000- (411000- (636000~ (255000- (329000- (1230000- (1290000~ (309000~
5110000) 523000) 830000) 296000) 414000) 1400000) 1730000) 388000)
4
Cause Chronic Other COVID-19  Alzheimer’s Diabetes mellitus Hypertensive Stroke Tracheal, Lower
obstructive pandemic-related  disease and other heart disease bronchus, and respiratory
pulmonary outcomes dementias lung cancer infections
disease
Age-standardised rate (per 455 410 265 365 40-2 833 34-8 885
100000 population) (41-2-49-6) (32:9-51.9) (6-74-65-1) (33-9-38.9) (32:0-46-7) (75-7-90-4) (29-:0-41-0) (77-8-98-2)
Number 3650000 264000 774000 217000 138000 1060000 938000 588000
(3320000- (212 000- (198000~ (202000- (110000- (969000~ (783000- (494000-
3970000 333000) 1900000) 231000) 160000) 1150000) 1110000) 686 000)
5
Cause Lower Tracheal, Tracheal, Lower Chronic kidney Diarrhoeal Alzheimer's Malaria
respiratory bronchus, and bronchus, and respiratory disease diseases disease and other
infections lung cancer lung cancer infections dementias
Age-standardised rate (per 304 255 259 328 379 502 279 67-9
100000 population) (27:7-32:9) (24-4-26-5) (23-8-27-0) (29-6-35-1) (333-42-4) (32:0-79-4) (6-76-74-8) (22-6-145.0)
Number 2280000 168000 581000 187000 142000 591000 562000 713000
(2080000- (161000- (526 000- (169000~ (125000~ (381000- (136 000- (251000-
2460000) 174.000) 610000) 200000) 159000) 940000) 1490000) 1480000)
6
Cause Neonatal Cirrhosis and Chronic Chronic kidney Other COVID-19  Neonatal Lower respiratory ~ Tuberculosis
disorders other chronic obstructive disease pandemic- disorders infections
liver diseases pulmonary related outcomes
disease
Age-standardised rate (per 30-3 225 19-2 309 30-4 43-8 212 673
100000 population) (26:3-35.0) (21.7-23-3) (16-9-20-3) (28-3-33°1) (11-4-52.-0) (37-2-51:6) (18-9-23:6) (56-7-77-8)
Number 1910000 131000 490000 184000 121000 672000 424000 378000
(1650000~ (127000~ (424000~ (169000~ (46 500- (571000~ (378000- (313000~
2200000) 136 000) 522000) 197000) 207000) 792000) 469000) 442000)

(Table 1 continues on next page)
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Global Central Europe, High income Latin America North Africaand South Asia Southeast Asia, Sub-Saharan
eastern Europe, and Caribbean  Middle East east Asia, and Africa
and central Asia Oceania
(Continued from previous page)
7
Cause Alzheimer's Alzheimer's Colon and rectum  Chronic Diabetes mellitus  Lower respiratory Hypertensive HIV/AIDS
disease and disease and cancer obstructive infections heart disease
otherdementias  other dementias pulmonary
disease
Age-standardised rate (per 249 20-8 14-7 25.0 294 40-0 20-1 65-8
100000 population) (6-16-65-0) (4-88-55-3) (13-2-15-6) (22-5-26-5) (26-4-32-3) (35-8-44-7) (14-1-24-8) (59-9-73-2)
Number 1890000 136000 344000 144000 113000 522000 459000 539000
(470000- (32100- (300000~ (130000- (101.000- (465000~ (320000- (487000~
4940000) 362000) 367000) 152000) 124.000) 582000) 562000) 612000)
8
Cause Tracheal, Lower Chronic kidney Interpersonal Chronic Tuberculosis Stomach cancer Diarrhoeal
bronchus, and respiratory disease violence obstructive diseases
lung cancer infections pulmonary
disease
Age-standardised rate (per 235 195 140 235 26-9 342 184 57-0
100000 population) (21:3-25-8) (18:3-20-8) (121-15:3) (22:4-24-8) (23-9-29-7) (30-1-40-1) (14-2-22:0) (36:2-79-4)
Number 1970000 96200 364000 147000 92400 509000 491000 452000
(1780000- (91200~ (307000- (140000- (82500- (450000~ (380000~ (324000-
2160000) 101000) 399000) 155000) 102000) 597000) 589000) 588000)
9
Cause Diabetes Cardiomyopathy ~ Lower respiratory ~Other COVID-19  Alzheimer’s Diabetes mellitus  Road injuries Other COVID-19
mellitus and myocarditis  infections pandemic- disease and other pandemic-
related dementias related
outcomes outcomes
Age-standardised rate (per 197 192 13-6 209 257 331 157 505
100000 population) (18-4-20-9) (17-9-20-4) (11-8-14-6) (10:3-33-3) (6:30-67-6) (29-8-36-0) (13-9-17-6) (31-3-70-8)
Number 1630000 113000 361000 125000 73600 419000 380000 245000
(1520 000- (105000- (306 000- (59 600- (17900~ (378 000- (335000- (159 000-
1720000) 121000) 390000) 199000) 198000) 457000) 429000) 339000)
10
Cause Chronickidney  Colon and Self-harm Alzheimer's Lower respiratory Other COVID-19  Chronic kidney Neonatal
disease rectum cancer disease and infections pandemic-related  disease disorders
other dementias outcomes
Age-standardised rate (per 186 186 109 20-8 254 282 153 50-0
100000 population) (16-9-19-9) (17-6-19-4) (10-5-11-2) (5-14-53-8) (22:4-28-5) (18:5-39:5) (13-4-17-0) (42:1-59-2)
Number 1500000 122000 149000 119000 103000 370000 376000 889000
(1360000~ (115000~ (142 000- (29200~ (91000~ (246 000- (333000- (749000~
1610000) 127000) 153000) 308000) 116 000) 514000) 420000) 1050000)
2021
1
Cause Ischaemic heart  Ischaemic heart  Ischaemicheart ~ COVID-19 Ischaemic heart ~ COVID-19 Stroke COVID-19
disease disease disease disease
Age-standardised rate (per 1087 213-6 51.0 1954 2028 156.5 1411 271.0
100000 population) (99-8-115-6) (196-1-229-1) (44-9-54-2) (182:1-211-4) (179-7-225-9) (150-4-164-4) (123-2-159-7) (250-1-290-7)
Number 8990000 1410000 1310000 1200000 769000 2060000 3550000 1150000
(8290000~ (1290000- (1120000~ (1110000~ (679000~ (1980000- (3100000~ (1060000~
9550000) 1510000) 1400000) 1290000) 863000) 2170000) 4020000) 1240000)
2
Cause COVID-19 COVID-19 COVID-19 Ischaemic heart ~ COVID-19 Ischaemic heart  Ischaemic heart Stroke
disease disease disease
Age-standardised rate (per 94-0 168-8 481 838 1724 1491 110-4 1247
100 000 population) (89:2-100-0) (150-6-186-1) (47-4-48-8) (759-90-6) (150:3-191-5) (136:4-161-8) (94-9-124-6) (111-8-138:6)
Number 7890000 1100000 1070000 504000 698000 1990000 2660000 484000
(7490000~ (982000~ (1060000~ (457000~ (608000~ (1820000~ (2290000- (432000~
8.400000) 1210000) 1090 000) 545000) 777000) 2160000) 3000000) 544000)

(Table 1 continues on next page)
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Global Central Europe, High income Latin America North Africaand South Asia Southeast Asia, Sub-Saharan
eastern Europe, and Caribbean ~ Middle East east Asia, and Africa
and central Asia Oceania
(Continued from previous page)
3
Cause Stroke Stroke Stroke Stroke Stroke Chronic Chronic Other COVID-19
obstructive obstructive pandemic-
pulmonary pulmonary disease related
disease outcomes
Age-standardised rate (per 874 109-8 28.8 467 101-9 101-6 666 1239
100000 population) (79:5-94-4) (101-6-116-6) (24-5-30-9) (42-3-50-2) (89-2-114-4) (90-3-114-2) (56-2-77-7) (87-7-159.5)
Number 7250000 725000 771000 279000 372000 1230000 1560000 584000
(6600000~ (671000- (641000- (254 000- (325000- (1100 000- (1310000- (418000~
7820000) 770000) 838000) 301000) 421000) 1380000) 1820000) 757000)
4
Cause Chronic Other COVID-19  Alzheimer's Other COVID-19 ~ Other COVID-19  Stroke Tracheal, Ischaemic heart
obstructive pandemic-related disease and other pandemic- pandemic- bronchus, and disease
pulmonary outcomes dementias related related outcomes lung cancer
disease outcomes
Age-standardised rate (per 45-2 50-0 265 39-0 645 818 34-8 928
100000 population) (40-7-49-8) (34-8-687) (6:74-64-8) (22:5-58-4) (34-4-100-6) (74-2-89-6) (28-8-41-1) (83-3-103-5)
Number 3720000 321000 792000 236000 265000 1070000 970000 352000
(3360000~ (223000- (203000- (135000~ (139 000- (968000~ (800000- (316 000-
4090 000) 438000) 1940000) 355000) 414.000) 1170 000) 1150000) 396000)
5
Cause Other COVID-19  Tracheal, Tracheal, Diabetes mellitus Hypertensive Other COVID-19  Alzheimer's Lower
pandemic- bronchus, and bronchus, and heart disease pandemic-related ~disease and other  respiratory
related lung cancer lung cancer outcomes dementias infections
outcomes
Age-standardised rate (per 323 251 25.9 363 395 633 289 854
100000 population) (24-8-43-3) (23.7-26-6) (23-8-27-0) (33-2-39-3) (31-3-46-3) (50-4-77-2) (7-41-78-6) (75-3-95-0)
Number 2690000 167000 591000 221000 138000 838000 608000 563000
(2060000~ (157000- (537000- (202000- (109000~ (674000~ (155000~ (472 000-
3610000) 176000) 620000) 239000) 162000) 1020000) 1670000) 655000)
6
Cause Neonatal Cirrhosis and Chronic Chronickidney  Chronic kidney Diarrhoeal COVID-19 Malaria
disorders other chronic obstructive disease disease diseases
liver diseases pulmonary
disease
Age-standardised rate (per 29-6 223 191 307 377 47-8 232 659
100000 population) (25:3-34-4) (21.0-235) (16:8-20-2) (27-8-33-5) (32:7-42-8) (30:2-757) (16:3-37:2) (23-6-1367)
Number 1830000 131000 495000 187000 145000 573000 606000 704000
(1570000- (123000- (428000~ (170000~ (126 000- (372000~ (425000- (265000~
2130000) 138000) 527000) 204000) 164000) 908000) 974000) 1400000)
7
Cause Lower Alzheimer's Colon and rectum  Lower Diabetes mellitus Neonatal Lower respiratory ~ Tuberculosis
respiratory disease and cancer respiratory disorders infections
infections other dementias infections
Age-standardised rate (per 287 20-8 147 304 293 42-0 20-9 65-8
100000 population) (26-0-31-1) (4-94-55-6) (13-1-15-5) (27-0-33-3) (25-9-32:5) (35:6-50-2) (18-6-23-4) (56-1-76-9)
Number 2180000 137000 348000 177000 116000 636000 431000 373000
(1980000- (32500~ (304000~ (157000~ (102 000- (538000- (384000~ (313000-
2360000) 370000) 372000) 194.000) 129000) 760000) 482000) 439000)
(Table 1 continues on next page)
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of age-standardised death globally (with 94-0 deaths
[95% UI 89-2 to 100-0] per 100000 population), with
stroke becoming the third leading cause. Additionally,
OPRM—which includes excess mortality associated
with the pandemic, excluding COVID-19, lower
respiratory infections, measles, and pertussis causes—
emerged as the fifth leading cause of age-standardised

deaths in 2021; lower respiratory infections decreased
from the fourth to the seventh leading cause. The effect
of COVID-19 on age-standardised mortality was similar
to that of chronic obstructive pulmonary disease in 2020
but increased by 60-2% (53-1 to 67-6) in 2021,
becoming similar to that of stroke and ischaemic heart
disease (figure 2; table 1).
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Global Central Europe, High income Latin America North Africaand South Asia SoutheastAsia,  Sub-Saharan
eastern Europe, and Caribbean  Middle East east Asia, and Africa
and central Asia Oceania
(Continued from previous page)
8
Cause Alzheimer's Cardiomyopathy  Chronic kidney Chronic Chronic Lower respiratory Hypertensive HIV/AIDS
disease and and myocarditis  disease obstructive obstructive infections heart disease
other dementias pulmonary pulmonary
disease disease
Age-standardised rate (per 252 191 13.9 247 26-4 392 198 614
100000 population) (6:36-65-6) (17-5-207) (12:0-15-1) (22:1-26-4) (23-2-29-6) (34-2-44-6) (14-0-24-3) (55-8-68-5)
Number 1960000 112000 368000 145000 92700 516 000 470000 515000
(499 000- (103000- (310 000- (130000- (82000- (451000- (333000- (467000~
5120000) 122000) 402000) 156 000) 104000) 584000) 575000) 583000)
9
Cause Tracheal, Colon and Lower respiratory Interpersonal Alzheimer's Tuberculosis Stomach cancer Diarrhoeal
bronchus, and rectum cancer infections violence disease and other diseases
lung cancer dementias
Age-standardised rate (per 235 185 11.9 233 257 331 181 54-4
100000 population) (21-2-25.9) (17-4-19-6) (10-2-12-7) (21-7-24-8) (6:22-66-8) (29-0-39-1) (14-4-21-8) (33:9-767)
Number 2020000 122000 321000 147000 73900 501000 500000 434000
(1820000~ (115000~ (267000- (137000~ (18000- (441000~ (397000- (310000-
2220000) 129000) 348000) 156 000) 198000) 587000) 605000) 570000)
10
Cause Diabetes Lower Self-harm Alzheimer's Cirrhosis and Diabetes mellitus  Road injuries Neonatal
mellitus respiratory disease and other chronic disorders
infections otherdementias liver diseases
Age-standardised rate (per 196 165 10-8 20-8 232 328 155 486
100000 population) (18-2-20-8) (15-4-17-7) (10-4-11.0) (518-54-3) (20-2-26-8) (29-5-36-1) (13-6-17-5) (40-3-58-1)
Number 1660000 82800 148000 121000 99600 426000 379000 873000
(1540000~ (77800-87500)  (141000- (30300- (86100~ (383000~ (331000- (724000~
1760000) 152000) 317000) 116 000) 468000) 430000) 1040000)
Table 1: Number of deaths and age-standardised mortality rates for ten leading Level 3 causes of death in 2020 and 2021, globally and by super-region, for all ages and males and females
combined

COVID-19 and OPRM

Our estimates show that 4-80 million (95% UI 4-56-5-11)
deaths due to COVID-19 occurred globally in 2020, and
7-89 million (7-49-8-40) in 2021. Age-standardised rates
of death due to COVID-19 were highly variable among
GBD super-regions (table 1). In 2021, the rankings from
highest to lowest were sub-Saharan Africa (271-0 deaths
[250-1-290-7] per 100000 population); Latin America
and the Caribbean (195-4 deaths [182-1-211-4] per
100000 population); north Africa and the Middle East
(172-4 deaths [150-3-191-5] per 100000 population);
central Europe, eastern FEurope, and central Asia
(168-8 deaths [150-6-186-1] per 100000 population);
south Asia (156-5 deaths [150-4-164-4] per
100000 population); high income (48-1 deaths
[47-4-48-8] per 100000 population); and southeast Asia,
east Asia, and Oceania (23-2 deaths [16-3-37-2] per
100000 population; table 1).

Deaths from both COVID-19 and OPRM also varied
substantially by age, with older ages being
disproportionately affected (table 2). Individuals aged
70-74 years had the highest number of deaths from both
COVID-19 and OPRM in 2020 and again in 2021. The
highest percentage of total deaths from COVID-19 was

found in those aged 4044 years, whereas the highest
mortality rate occurred in those aged 95 years and older.
Death rates from OPRM were high among older age
groups and among the youngest ages, with a rate of
141-2 deaths (95% UI 58-0-277-5) per 100 000 population
for infants aged 0-6 days, and 77-3 deaths (44-0-118-0)
per 100000 population in infants aged 7-27 days. At a
global scale, COVID-19 deaths and OPRM were slightly
higher for males than for females in most age groups
in 2021 (appendix 2 figure S5). Exceptions to this trend
include those aged 90-94 years and those aged 95 years
and older (appendix 2 figure S5).

Leading causes of global YLLs

The causes of death with the highest age-standardised
YLL rates show shifting epidemiological trends from
CMNN diseases to NCDs at Level 3 of the cause hierarchy
(appendix 2 figure S2). Globally, the leading three causes
of age-standardised YLLs in 1990 were all CMNN diseases.
Ranked in descending order, these causes were neonatal
disorders, lower respiratory infections, and diarrhoeal
diseases. In 2019, neonatal disorders remained the leading
cause of age-standardised YLLs, but the second and third
leading causes were replaced by NCDs: ischaemic heart
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Deaths Deaths per 100 000 population Percentage of total deaths
COVID-19 COVID-19  Other Other COVID-19 COVID-19 Other Other COVID-19 COVID-19  Other Other
2020 2021 COVID-19 COvID-19 2020 2021 COVID-19 COVID-19 2020 2021 COVID-19 COVID-19
pandemic- pandemic- pandemic- pandemic- pandemic-  pandemic-
related related related related related related
outcomes outcomes outcomes outcomes outcomes outcomes
2020 2021 2020 2021 2020 2021
Early neonatal 0 1 3518 3462 0-0 <01 141-4 1412 0-0% <0-1% 0-2% 0-2%
Late neonatal 3 5 5069 5641 <0-1 01 685 773 <0-1% <0-1% 11% 13%
1-5 months 170 287 24269 26647 0-3 05 44-4 49-6 <0-1% <0-1% 31% 3-6%
6-11 months 234 394 20478 30883 0-4 0-6 317 48-9 <0-1% 0-1% 3:-5% 5-5%
12-23 months 998 1644 19042 30550 0-8 13 14-5 23-8 0-2% 0-3% 3:7% 6-2%
2-4 years 8500 14386 14730 23574 21 36 36 58 1-2% 2:1% 2:0% 3-4%
5-9years 7052 11393 5377 8196 1.0 1.7 0-8 1.2 1.9% 3-2% 1.5% 2:3%
10-14 years 8553 14405 1588 2715 13 2:2 0-2 0-4 2-8% 4-8% 0-5% 0-9%
15-19 years 17032 26852 5932 12576 2-8 4-3 1.0 2:0 31% 4-8% 1.1% 2:2%
20-24 years 25528 40743 8219 17453 43 6-8 1.4 29 3-6% 5-5% 1-2% 2:4%
25-29 years 47857 78496 12581 28816 81 133 21 4-9 5-9% 9-2% 1-6% 3:4%
30-34 years 81232 137979 21625 49808 13-4 228 36 82 7-9% 12:3% 21% 4-5%
35-39 years 112228 195380 29877 69402 20-5 34-8 55 12-4 9-0% 14-1% 2:4% 5-0%
40-44 years 165337 287099 44391 102041 335 57-4 9.0 20-4 10:3% 16-0% 2:8% 57%
45-49 years 207940 355388 55989 124899 44-0 751 11.8 26-4 10-1% 15-7% 27% 5-5%
50-54 years 253491 426785 67629 147651 577 959 154 332 91% 14.0% 2:4% 4-8%
55-59 years 336162 564508 90815 191441 875 142.7 236 484 9-0% 13-8% 2:-4% 4-7%
60-64 years 460769 774879 125433 262008 146-1 2421 39-8 819 9-8% 15-0% 2:7% 51%
65-69 years 564371 957557 155431 321301 209-4 3471 577 1165 9-4% 14-5% 2:6% 4-9%
70-74 years 585549 989888 156931 325295 2987 480-9 80-1 158-0 8-8% 13-2% 2:4% 4-3%
75-79 years 539515 861796 135849 276 402 4171 653-4 105-0 209-6 7-9% 11-8% 2:0% 3-8%
80-84 years 551014 888813 146084 277786 6389 1014-8 169-4 3172 7-5% 11-3% 2:0% 3-5%
85-89 years 427770 658875 106 842 191824 959-3 14411 239-6 419-5 6-9% 10-0% 17% 2:9%
90-94 years 280605 426185 67297 114449 1608-9 23823 3859 639-8 7:5% 10-8% 1-8% 2:9%
295 years 120173 174390 24074 42104 22986 3199:6 4605 7725 7-8% 10-7% 1-6% 2:6%
Table 2: Number of deaths, age-standardised mortality rates, and percentage of total deaths due to COVID-19 and other pandemic-related mortality by age, globally
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disease (ranked second) and stroke (ranked third). In
2021, COVID-19 was the second-leading cause of global
age-standardised YLLs, making the leading two causes
CMNN diseases (with neonatal disorders ranked first),
with ischaemic heart disease ranked third. Among the
leading causes of age-standardised YLLs, malaria was the
only cause to show an increase in age-standardised YLL
rates between 2019 and 2021 (ranking ninth in 2019 and
seventh in 2021).

Decomposition of global life expectancy

We found long-standing positive trends in global life
expectancy since the early 1990s, with steady increases
occurring across each decade between 1990 and 2019
(appendix 2 table S4). Altogether, the global increase in
life expectancy from 1990 to 2019 totalled 7-8 years
(95% UI 7-1-8-5). In 2019-21, however, we found a
global decline in life expectancy of 2-2 years due to
deaths from COVID-19 and OPRM combined. This
decrease was partly offset by reductions in other diseases,
for a net reduction in global life expectancy of 1-6 years.

Despite this notable reduction, we observed an overall
increase in life expectancy of 6-2 years (5-4-7-0) across
the entire study period. This decomposition analysis
provides insights into the specific causes that influenced
changes in life expectancy over the defined time periods.
Among the various contributing factors to a change in
life expectancy, the cause with the greatest effect on the
increase in life expectancy worldwide was the reduction
in deaths caused by enteric infections (figure 3). This
category includes diarrhoeal, typhoid, and paratyphoid
diseases. A reduction in deaths from these diseases is
responsible for a substantial increase in life expectancy
of 1-1years during 1990-2021, but this increase was most
pronounced between 1990 and 2000 compared with other
time periods. The second-largest effect on increasing life
expectancy is attributed to the reduction in deaths from
lower respiratory infection, contributing 0-9 years of
gained life expectancy from 1990 to 2021. Other leading
factors include reduced mortality from stroke, CMNN
diseases, neonatal deaths, ischaemic heart disease, and
neoplasms, each of which increased global life expectancy
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Figure 3: Change in life expectancy attributable to leading causes of death for males and females combined, 1990-2000, 2000-10, 2010-19, and 2019-21,

globally

Each row represents the change in global life expectancy from 1990 to 2021 for a given cause. The total change in life expectancy is further broken down by different
colours to represent changes over time periods. A bar to the right of 0 represents an increase in life expectancy due to changes in the given time period, and a bar to
the left of O represents a decrease in life expectancy due to a given time period. For readability, labels indicating a change in life expectancy of less than 0-05 years are
not shown. CKD=chronic kidney disease. COPD=chronic obstructive pulmonary disease. LRI=lower respiratory infection. NCD=non-communicable disease.
OPRM=other pandemic-related mortality. *Does not include natural disasters. TDoes not include war and terrorism.

by 0-6-0-8 years over the study period. Changing rates
of HIV/AIDS and malaria mortality both contributed
positively to the overall global life expectancy in some
years but negatively affected life expectancy in others.
Beginning in 2000, reductions in HIV/AIDS-related
mortality were evident following substantial negative
effects in earlier years. Reductions in deaths from
malaria, however, were less sustained, increasing life
expectancy by 0-1 years from 2010 to 2019 but having no
effect from 2019 to 2021. Across all causes, the largest
effect on the change in global life expectancy was from
COVID-19, which resulted in a decline of 1-6 years
between 2019 and 2021.

Decomposition of super-region, regional, and country-
level life expectancy

Each of the seven super-regions experienced an overall
increase in life expectancy between 1990 and 2021, despite
progress in each being differentially affected by COVID-19
(figures 4, 5). Southeast Asia, east Asia, and Oceania
showed the highest gain, with a net improvement of
8-3 years (95% UI 6-7-9-9), while also being the least
affected by COVID-19, which contributed a loss in life
expectancy of just 0-4 years. The overall increase in life
expectancy in southeast Asia, east Asia, and Oceania can
largely be attributed to reduced mortality from chronic
respiratory diseases, contributing to a gain of 1-2 years,
whereas reduced mortality from stroke, lower respiratory

infections, and neoplasms were among other causes that
contributed to the 8- 3-year (6-7-9-9) increase. The second-
largest gain occurred in south Asia, where life expectancy
increased by 7-8 years (6-7-8-9), which can be largely
attributed to reduced mortality from enteric infectious
diseases, contributing a substantial gain of 3-1 years in life
expectancy. The largest reduction in overall life expectancy
due to COVID-19 occurred in the super-region of Latin
America and the Caribbean, which experienced a loss of
3.6 years. Reductions in deaths due to malaria throughout
sub-Saharan Africa led to an increase in life expectancy of
0-8 years for the super-region.

The differential effect of COVID-19 on reduced life
expectancy was observed across GBD regions (figure 6).
Although most regions experienced overall improve-
ments in life expectancy between 1990 and 2021, a
reduction occurred in southern sub-Saharan Africa,
which faced the greatest impact of HIV and was also
heavily affected by COVID-19. The overall decrease in life
expectancy of 4-3 years (95% UI 3-0-5-8) included a
reduction of 2-4 years due to HIV/AIDS and 3-4 years
due to COVID-19, which were only partly offset by
reductions in mortality due to other causes. Notably,
COVID-19 reduced life expectancy in Andean Latin
America by 4-9 years, although the region had an overall
gain of 2-6 years (1-0—4-1) between 1990 and 2021. The
effect of COVID-19 in eastern sub-Saharan Africa, which
resulted in a reduction in life expectancy of 2-7 years,
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Figure 4: Age-standardised mortality rate of COVID-19 and OPRM, 2021
Global choropleth maps of COVID-19 (A) and OPRM (B) for 2021 that show sub-national detail where available. OPRM=other pandemic-related mortality.
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Figure 5: Change in life expectancy attributable to leading causes of death among super-regions, 1990-2021

Each row represents the change in life expectancy from 1990 to 2021 for a given super-region. A bar to the right of 0 represents an increase in life expectancy due to changes in the given cause, and a
bar to the left of O represents a decrease in life expectancy for a given cause. For readability, labels indicating a change in life expectancy of less than 0-3 years are not shown. CKD=chronic kidney
disease. COPD=chronic obstructive pulmonary disease. LRI=lower respiratory infection. NCD=non-communicable disease. OPRM=other pandemic-related mortality. *Does not include natural disasters.
‘tDoes not include war and terrorism.
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Figure 6: Effect of COVID-19 on life expectancy by GBD region, 2019-21

For readability, labels indicating a change in life expectancy of less than 0-05 years are not shown. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

was offset by steady improvements across many different
causes, which resulted in the highest overall increase in
life expectancy among GBD regions (10-7 years
[9-0-12-2]). Control of enteric infections in this region
contributed to an increase in life expectancy of 1-9 years,
along with reductions in lower respiratory infections and
tuberculosis, each of which contributed to an additional
1-6 years increase in life expectancy. Each region in
sub-Saharan Africa experienced reductions in the
number of enteric infections, which improved life
expectancy in those regions between 0-8 and 2-4 years.

HIV/AIDS had a substantial negative effect on life-
expectancy trends in southern sub-Saharan Africa from
1990 to 2021 (appendix 2 figure S27). Despite improve-
ments in each of the time periods 2000-2010, 2010-2019,
and 2019-2021, this region was unable to recover the
9-0 years lost during 1990-2000. Although we found a net
decline in deaths due to HIV/AIDS between 2000 and 2019,
improvements slowed substantially from 2019 to 2021,
when only 0-2 years in life expectancy were gained as a
result of reduced HIV/AIDS mortality. Conversely, eastern
sub-Saharan Africa had the highest level of recovery to their
life expectancy among the regions, gaining 1-5 years of life
expectancy over the entire study period.

In 1990, malaria-related deaths had almost no effect on
life expectancy in eight of the 21 GBD regions (appendix 2
figure S13). By 2021, however, 90% of malaria deaths across
all age groups occurred in locations with only 12% of the
global population. Efforts to control malaria in various
regions of sub-Saharan Africa have yielded modest gains in
life expectancy. Central sub-Saharan Africa gained 0-7 years
in life expectancy between 2000 and 2010, western sub-

Saharan Africa gained 0-9 years during 2010-19, and
eastern sub-Saharan Africa gained 0-7 years in 2000-10.
Despite these advancements, many regions with malaria
transmission experienced a decline in life expectancy
from 2019 to 2021. The most noticeable reductions were in
eastern sub-Saharan Africa, with a decrease of 0-2 years,
followed by western sub-Saharan Africa, which lost
0-1years in life expectancy over the same period.

At the national level, some of the highest gains in life
expectancy between 1990 and 2021 occurred in the eastern
region of sub-Saharan Africa (appendix 2 figure S12). Life
expectancy in Ethiopia increased by 18-2 years (95% Ul
16-3-19-8) as a result of reductions in deaths from many
causes, most notably other communicable and maternal
disorders (3-2 years), tuberculosis (3-1 years), and enteric
infectious diseases (2-4 year). The largest reduction in life
expectancy occurred in Lesotho, at 12-9 years (10-1-15-7),
largely attributed to increased deaths from HIV/AIDS,
which resulted in a reduction of 7-3 years (appendix 2
figures S12, S27, table S4).

Effect of CMNN diseases on life expectancy and trends

in mortality concentration

Among CMNN causes, several key trends emerged in their
effect on global life expectancy and the localisation of
deaths over time. First, the reduction of deaths due to
enteric disease had a substantial impact on global life
expectancy, with notable regional variations (figure 7). As
160 countries and territories made progress in reducing
CMNN disease-related mortality, mortality concentration
emerged. Deaths became more concentrated into certain
countries or regions, persisting alongside advancements
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Figure 7: Effect of enteric infectious diseases on life expectancy by time period and GBD region, 1990-2021
For readability, labels indicating a change in life expectancy of less than 0-05 years are not shown. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

made in other parts of the world. An illustrative example is
the shift in deaths due to enteric diseases in children
younger than 5 years, with 90% of deaths occurring in
locations containing 63% of the population of children
younger than 5 years in 1990, decreasing to locations
containing 51% of the population by 2021 (appendix 2
figure S28). Second, the reduction in the number of lower
respiratory infections yielded positive effects on life
expectancy in some regions. Regions such as Andean Latin
America and western and eastern sub-Saharan Africa had
gains of 1.6 years in life expectancy due to reduced deaths
from lower respiratory infections. This progress is further
underscored by the transformation from 90% of deaths
from lower respiratory infections in children younger than
5 years occurring in locations with 71% of the population
of the under-5 population in 1990 to 90% occurring in
locations with 58% of the under-5 population by 2021,
signalling substantial improvements in some regions and
increased concentration of this cause in others (figure 8;
appendix 2 figure S29). Third, HIV/AIDS had a substantial
impact on life-expectancy trends, particularly in southern
sub-Saharan Africa, and with 90% of deaths concentrated
in locations containing 46% of the entire population and
39% of the under-5 population in 2021 (appendix 2
figures S27, S30). However, HIV/AIDS was less
concentrated in 2021 than in 1990. Fourth, efforts to control
malaria in sub-Saharan Africa resulted in modest gains in
life expectancy. Similarly, 90% of malaria-related deaths in
2021 occurred in locations containing only 12% of the
entire population and 20% of the under-5 population,
showing mortality concentration (figure 5; appendix 2
figures S13, 31). Fifth, reductions in tuberculosis-related

deaths had a positive effect on life expectancy across all
regions, and changes in mortality rates indicated mortality
concentration, with 90% of deaths occurring in locations
containing 66% of the entire population in 1990, decreasing
to 62% by 2021 (figure 9; appendix 2 figure S14). Lastly,
although measles had a relatively small global effect on life
expectancy, this cause showed high mortality concentration.
The disease remained contained globally, with 90% of
deaths concentrated in locations containing only 15% of
the entire population and 24% of the under-5 population in
2021 (figure 3; appendix 2 figure S15).

Reductions in neonatal deaths contributed to a 0-6-year
increase in global life expectancy. Also, 90% of neonatal
deaths were concentrated in locations containing 71%
of the population in 1990, decreasing to 51% by 2021
(appendix 2 figures S16, S34). Finally, nutritional
deficiencies had a relatively small global impact on life
expectancy but substantial effects on specific regions—
eastern sub-Saharan Africa, central sub-Saharan Africa,
and south Asia saw notable increases. We found a shift
towards mortality concentration, with 90% of nutritional
deficiency-related deaths in children younger than 5 years
concentrated in locations containing 49% of the
population in this age group by 2021, compared with 59%
in 1990 (appendix 2 figures S18, S35). Overall, CMNN
diseases showed a large degree of mortality concentration.

Effect of NCDs on life expectancy and trends in

mortality concentration

Among NCDs, several findings reflect their effect on
global life expectancy and death concentration. Reductions
in stroke led to a notable gain in life expectancy of
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Figure 8: Effect of lower respiratory infections on life expectancy by time period and GBD region, 1990-2021
For readability, labels indicating a change in life expectancy of less than 0-05 years are not shown. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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Figure 9: Change in life expectancy attributable to leading causes of death among GBD regions, 1990-2021
Each row represents the change in life expectancy from 1990 to 2021 for a given GBD region. A bar to the right of 0 represents an increase in life expectancy due to changes in the given cause, and a bar
to the left of O represents a decrease in life expectancy for a given cause. For readability, labels indicating a change in life expectancy of less than 0-3 years are not shown. CKD=chronic kidney disease.
COPD=chronic obstructive pulmonary disease. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. LRI=lower respiratory infection. NCD=non-communicable disease. OPRM=other
pandemic-related mortality. *Does not include war and terrorism. tDoes not include natural disasters.
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0-8 years, but stroke deaths were not concentrated, with
90% occurring in locations containing 84% of the global
population (appendix 2 figures S23, S36). Similarly,
ischaemic heart disease had a substantial effect on
improvement to life expectancy, contributing 0-6 years to
global life expectancy; yet, as with stroke, ischaemic heart
disease showed little mortality concentration, with 90% of
deaths concentrated in locations containing 84% of
the population in 2021 (appendix 2 figures S17, S37).
Neoplasms added 0-6 years to life expectancy, with high-
income regions greatly benefiting; as with other NCDs,
90% of neoplasms deaths occurred in locations containing
86% of the population in 2021, indicating a consistent risk
of dying from cancer regardless of geography (appendix 2
figures S19, $38). Chronic respiratory diseases contributed
an increase of 0-5 years to life expectancy, with east Asia
contributing the most to this increase through substantial
improvements in mortality in China. Chronic respiratory
diseases also showed little mortality concentration, with
90% of deaths occurring in locations containing 79% of
the population (appendix 2 figures S20, S39). Digestive
diseases and cirrhosis had a substantial negative effect on
life expectancy, with little improvement from 2010 to 2019,
and showed little mortality concentration (appendix 2
figures S21, S40). Diabetes and kidney diseases had a
negative effect on life expectancy, resulting in a global loss
of 0-1 years in life expectancy. This cause also had little
mortality concentration, with 90% of deaths occurring in
locations representing 89% of the population (appendix 2
figures S22, S41). Overall, NCDs largely did not show
concentration, meaning that we did not observe mortality
from these causes moving towards more restricted
geographical areas (appendix 2 figure S42).

Effect of injuries on life expectancy and trends in
mortality concentration

The reduction in transport injuries had a positive effect on
life expectancy, contributing to a gain of 0-2 years.
However, as with NCDs, transport injury-related mortality
was not concentrated, with 90% of deaths concentrated in
locations containing 88% of the population in 1990,
decreasing slightly to 84% of the population by 2021
(appendix 2 figures S24, S43). Unintentional injuries also
showed little mortality concentration, with 90% of deaths
occurring in locations containing 88% of the population in
2021 (appendix 2 figures S26, S44). Lastly, the overall
reduction in mortality rates from selfharm and
interpersonal violence contributed to a 0- 2-year increase in
life expectancy with variable mortality concentration,
showing concentration in central and tropical Latin
America and South Africa, but not exclusively in these
locations (appendix 2 figures S25, S45).

Discussion

Main findings

The COVID-19 pandemic has emerged as one of the most
defining global health events of recent history. Our latest

comprehensive estimates of cause-specific mortality give
insight into the global landscape of disease before and
during the first 2 years of the pandemic, revealing the
important changes in disease-burden patterns that
followed. After more than three decades of consistent
improvements in global life expectancy and declining age-
standardised death rates, COVID-19 reversed long-
standing progress and disrupted trends in the
epidemiological transition. As the second leading cause of
age-standardised deaths in 2021, COVID-19 had a
pronounced influence on the reduction in global life
expectancy that occurred. The heterogeneous influence of
the disease across the globe provides important insights
for improving future pandemic preparedness and
ensuring that nations are equitably equipped to respond to
new outbreaks. Additionally, our analysis of geographical
and temporal trends in mortality enables us to observe the
changing patterns in causes of death worldwide. Many
causes have exhibited a reduced geographical reach—a
reflection of dedicated and persistent mitigation efforts to
reduce the burden of certain causes, as well as potential
changes to risk-factor exposure.” This study offers an
opportunity to apply the lessons learned from these
successes to further reduce deaths from causes that are
now present within smaller, more concentrated areas
throughout the world.

The COVID-19 pandemic

The emergence and spread of COVID-19 follows a similar
pattern of regional heterogeneity that is common among
many leading communicable causes of death, with higher
rates of infection and increased fatalities occurring in
lower-resource settings.**” Although heterogeneity in
COVID-19 outcomes in 2020 and 2021 varied by the
income status of a country or territory, outcomes were also
directly related to age, government actions to close borders,
and the implementation of transmission-reduction
policies.” This general pattern did not always hold true at
the national level, however, where estimates from some
high-income countries showed a much greater burden
than would have been expected, indicating important
opportunities for improved pandemic preparedness and
response in these nations.” The varying effects across
locations emphasises the complexity of the pandemic.
Diverse social, economic, and political influences
contributed to the variations in death rates observed
between locations. In general, areas with advanced health-
care systems and robust medical facilities were better able
to manage abrupt increases in the number of COVID-19
cases. By contrast, locations with poorer health-care
infrastructure were less equipped to handle the surge in
infections that occurred,” although strong health-care
systems did not singularly influence the outcome of the
pandemic.” Improving preparedness for future pandemics
should also include engagement strategies to enhance the
trust that individuals place in public health recom-
mendations.” Additionally, identifying methods to
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enhance death-reporting systems® and overcome political
obstacles to ensure accurate reporting will be crucial steps
for monitoring COVID-19 and future pandemic
occurrences.””

Our study shows that COVID-19 was one of the leading
global causes of death during the first 2 years of the
pandemic and provides an opportunity to delineate
between the disease’s direct and indirect mortality effects
as well as its effect on life expectancy. As previously
predicted,” COVID-19 shifted baseline patterns of
mortality for diseases and injuries that were affected by
physical-distancing measures and other government-
mandated restrictions. Deferred care-seeking during the
height of the pandemic also probably contributed to
shifts in patterns of mortality for some diseases and
injuries and might also have contributed to the
emergence of pandemic-related deaths not attributable
directly to COVID-19, lower respiratory infections,
measles, malaria, or pertussis (OPRM). Deferred care-
seeking might also have been a contributing factor in the
notable divergence in the age distribution in deaths
between COVID-19 and OPRM, whereby COVID-19
deaths were substantially higher in older ages, whereas
the highest rate of OPRM was seen in older ages as well
as in children younger than 23 months. Mortality might
have increased in the youngest ages because caregivers
might have hesitated to seek medical care during the
peak of the virus's spread. Understanding these
disparities is imperative for shaping future health
policies and preparedness efforts.

Important trends in life expectancy

Advancements over the past three decades in the
prevention and control of infectious diseases have
contributed to increases in life expectancy in many
locations, increasing the need to support populations
living with NCDs.” The global decline in life expectancy
that occurred in 2020 and 2021 confounds the longer-
term trend of increase.” Our decomposition analysis
suggests that this decline was predominantly a result of
the pandemic (combined COVID-19 and OPRM), but the
degree of severity varied greatly by location. Although
large improvements in many causes—including
HIV/AIDS and lower respiratory and enteric infections—
somewhat counterbalanced the decline, the decrease in
life expectancy was also compounded by increasing rates
of mortality from other causes, such as diabetes and
kidney diseases.

The effect of COVID-19 on life expectancy showed
varying degrees of severity, ranging from a large loss of
4.9 years in Andean Latin America to almost no change
in east Asia. From 1990 to 2021, reductions in many of
the leading causes of death resulted in overall life-
expectancy increases across most regions, despite heavy
setbacks for many because of the COVID-19 pandemic.
We found that despite Andean Latin America having the
largest regional reduction in life expectancy due to the

pandemic, overall life-expectancy reductions across the
region were tempered by improvements in other causes,
with reductions in rates of death from lower respiratory
infections and neonatal disorders responsible for an
increase in life expectancy of 2-6 years overall between
1990 and 2021. The impressive reductions in neonatal
disorders throughout many countries in Andean Latin
America have been attributed to the improvements made
in implementing effective maternal and neonatal health
intervention strategies.”

The reduction in life expectancy in southern sub-
Saharan Africa also exceeded the global average by a
substantial margin, with a reduction of 3-4 years due to
COVID-19. Although life expectancy in the region was
substantially affected by the COVID-19 pandemic, the
reduction was also attributable to high mortality rates
from HIV/AIDS. Some nations with high pandemic-
related death tolls were among those already burdened
by high rates of other infectious diseases. Several
countries in southern sub-Saharan Africa navigated the
challenges of the pandemic, alongside long histories of
combatting some of the highest HIV/AIDS prevalence
rates in the world.»* A subset of countries were faced
with a triple burden of COVID-19, HIV/AIDS, and
tuberculosis.” The combined burden of these causes
across southern sub-Saharan Africa was not offset by
sufficient improvements in mortality from other causes,
leading to an overall reduction in the region’s life
expectancy of more than 4 years over the entire study
period.

Cause-specific patterns of mortality concentration
Estimates of mortality concentration reflect shifting
patterns of disease over time, from diseases that have a
widespread presence moving to more geographically
reduced subsets of the global population. These changes
highlight differences between populations and their
progress towards reducing mortality due to diseases and
injuries. These findings also provide an important
opportunity to improve how best public health practices
are applied to further disease reduction. Broadly,
widespread declines in many communicable diseases
resulted in mortality from these causes exhibiting more
concentrated geographical distributions in 2021 relative to
patterns seen in 1990. The degree of mortality concentration
estimated by this study for enteric and lower respiratory
infections, malaria, HIV/AIDS, neonatal disorders, and
tuberculosis reflects substantial global progress in
reducing mortality from these causes over the study
period, underscoring the success of several public health
campaigns, global commitments, and improvements in
communicable-disease programmes.** Estimates of
mortality concentration can be used to examine where
disease mitigation strategies have been successful, where
they can be further implemented to reduce inequality, and
where more research might be needed to develop effective
treatment and intervention strategies.
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Notably, our estimates support previous findings™ that
show deaths from malaria are becoming increasingly
concentrated and are now particularly concentrated
within western sub-Saharan Africa, with an additional
corridor running through central Africa and into
Mozambique. Countries in western sub-Saharan Africa
with the highest under-5 death rates from malaria in
2021 included Burkina Faso, Sierra Leone, and Niger.
This concentration of malaria mortality reflects both
differential rates of population growth across Africa, as
well as the varying rates of progress in reducing
transmission, most notably by malaria nets treated with
long-lasting insecticide and in strengthening case
management.”? At a time of growing threats to progress
against malaria, including emerging parasite and vector
resistance and budgetary pressures, but also amid
promising new tools such as second vaccine for malaria,
it is more important than ever that changing patterns of
mortality are quantified and understood.****

Enteric infections showed large disease concentration.
Under-5 deaths from enteric infections were largely
concentrated within sub-Saharan Africa and south Asia.
Countries in sub-Saharan Africa and south Asia with the
highest under-5 death rates from enteric infections in
2021 included Chad, South Sudan, and the Central
African Republic. There are many contributing factors
that should be considered when examining how to
reduce enteric infections in the remaining concentrated
locations. Alongside the provision of oral rehydration
solution and rotavirus vaccines, critical public health
improvements such as in water, sanitation, and hygiene
might have contributed to decreases in enteric deaths.**
Childhood growth failure, also a leading risk factor for
deaths from lower respiratory infections, malaria, and
measles, must be addressed through interventions to
improve women'’s health including anaemia, promotion
of early exclusive breastfeeding, and management of
acute malnutrition, among others.”** Countries with the
highest burden of infectious disease mortality in children
younger than 5 years tend to be geographically clustered,
suggesting multisectoral approaches are necessary to
continue reducing mortality in the countries with the
highest rates.”

A broad and recurring theme from this study is that
reductions in enteric infections contributed to improved
life expectancies over the past several decades. The
reductions in childhood mortality associated with
diarrhoeal diseases that have occurred across many parts
of Africa®** can also be partly explained by many
combined local efforts in improved immunisation;”
access to water, sanitation, and hygiene facilities;*
breastfeeding;” oral rehydration therapy;* and zinc
supplementation,” alongside global initiatives such as
the Global Action Plan for the Prevention and Control of
Pneumonia and Diarrhea.” Given that enteric disease-
related mortality and specifically diarrhoeal disease-
related mortality continued to decline during the

COVID-19 pandemic, the post-pandemic period might
offer opportunities to accelerate progress on prevention
and treatment. Diarrhoeal diseases are particularly
amenable to public health intervention, and given this
cause’s high burden among children, we must continue
to direct resources towards its prevention.”* Several
locations still do not have the necessary financing,
governance, and political commitment to reduce rates of
enteric infections.” To accelerate progress in reducing
enteric disease-related mortality, routine and catch-up
immunisation programmes must be strengthened and
expanded, including building on the global success of
the rotavirus roll-out® and countering disruptions in
childhood immunisation during the pandemic.”
Additionally, efforts should focus on advancing candidate
vaccines against enterotoxigenic  Escherichia  coli,
norovirus, and shigella.”*

Our study also found that some vaccine-preventable
diseases, such as measles, have shown widespread
reductions in mortality rates and were geographically
concentrated. Under-5 deaths from measles were
concentrated within western and eastern sub-Saharan
Africa. Although multiple factors contribute to decreases
in infectious disease burden, improvements in measles
mortality have largely been attributable to the global
availability of a safe and effective vaccine against measles,
producing life-long immunity, with two-dose efficacy
exceeding 95%. Measles incidence has decreased
dramatically where vaccination efforts have been
successful, including North America, South America,
Europe, and Australia;”*" although, since 2016, endemic
measles transmission has been re-established in ten
countries that previously had achieved measles
elimination.® We found that, as of 2021, measles
mortality was concentrated in countries and regions with
insufficient access to the measles vaccine, particularly in
sub-Saharan Africa. Although valuable insights can be
drawn from countries that have achieved measles control
through effective vaccination programmes and
surveillance systems, interventions still must be tailored
to the affected communities and countries for successful
reductions in mortality.®

Some infectious diseases, such as HIV/AIDS, also
showed mortality concentration. Deaths from HIV/AIDS
were largely concentrated within sub-Saharan Africa,
most notably southern sub-Saharan Africa. Countries in
sub-Saharan Africa with the highest age-standardised
mortality rate in 2021 included Lesotho, Eswatini, and
Botswana. Countries in sub-Saharan Africa with the
highest under-5 death rates from HIV in 2021 included
Lesotho, Equatorial Guinea, and Guinea-Bissau. This
concentration highlights how HIV-control campaigns,
preventative measures,”* improved treatment with the
emergence of antiretroviral therapy,” access to testing
and health care,* and research advancements might have
contributed to the reduced global mortality of HIV.
Despite these successes, substantial barriers remain to
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reducing HIV mortality, such as stigma discouraging
people from accessing treatment and care,”* insufficient
health-care infrastructure,” access to testing,® coverage
of antiretroviral therapy” and complications due to
co-occurring diseases such as tuberculosis and HIV.”
Preventative measures are particularly important for the
reduction of HIV mortality because HIV prevalence is
the primary contributor to high mortality rates. Although
countries can learn from successful HIV campaigns and
strategies, global support is needed to ensure HIV
treatment and preventative measures are accessible to all
populations at risk.””*”*

In many high-income nations, the overall rate of
neonatal deaths decreased between 1990 and 2021,
becoming more concentrated over time. Deaths from
neonatal disorders in 2021 were concentrated within sub-
Saharan Africa and south Asia® Countries in these
regions with the highest under-5 death rates from
neonatal disorders in 2021 included Mali, South Sudan,
and Sierra Leone. However, the disparity in mortality
between high-income and low-income countries and
regions highlights inequality in progress. Newborn care
that can reduce mortality includes resuscitation,
prevention of hypothermia and infection, in-facility
delivery, and exclusive breastfeeding.*” Neonatal
mortality might be reduced globally if policy makers
examine the strategies that led to successes elsewhere.”

Conversely, although the burden of many NCDs has
also been reducing, these causes have typically not
followed the same pattern of mortality concentration
seen in CMNN diseases. These trends emphasise a key
distinction in the spatial dynamics of NCDs compared
with many communicable diseases. Although non-
communicable causes might not exhibit the same degree
of concentration as communicable causes, the mortality
burden has changed in distribution, reducing over time
in high-income countries and regions, while persisting
in low-income countries and regions. Age-standardised
mortality rates due to NCDs decreased in most locations
within the high-income; Latin America and the
Caribbean; north Africa and the Middle east; and central
Europe, eastern Europe, and central Asia super-regions
between 1990 and 2021. However, NCDs in the south
Asia; sub-Saharan Africa; and southeast Asia, east Asia,
and Oceania super-regions have either increased or
decreased at notably lower levels in 2021 compared with
in 1990. Examples of this trend include ischaemic heart
disease, neoplasms, and stroke, all of which largely
declined over the study period—although their
reductions have been widely dispersed and not as
targeted as the CMNN causes. These findings show that
NCDs do not appear to be moving towards more
condensed geographical locations over time in the same
way that many CMNN diseases are, which could make
interventions and policies more complex to implement.

Ultimately, the extent of mortality concentration
reflects both the progress achieved in health-care

advancements and the shortcomings that persist in their
equitable implementation. Disease concentration is
evidence that there are effective interventions and
policies that have successfully reduced disease burden in
many locations, but these innovations have not been
equitably distributed throughout the world or have been
ineffective at addressing the specific challenges certain
populations face. There remains a global need to improve
access to new interventions and vaccines, to invest in the
implementation of validated public health policies, and
to strategise with geographical sources of disease in
mind. Future efforts should continue the ongoing
mitigation of communicable diseases, focusing on
locations where these causes have become more
geographically concentrated, while also initiating efforts
to combat chronic causes within low-resourced settings.
Additionally, patterns of high geographical concentration
among infectious causes and low geographical
concentration among chronic causes reflect the global
epidemiological transition, wherein mortality rates of
infectious deaths declined throughout most years of our
study. The increased concentration of a cause of death,
particularly communicable diseases, illustrates success
in mitigation that can be adapted within the countries
and regions with mortality concentration identified in
our study, with the potential to greatly reduce mortality
from those causes of death.

Limitations

Methodological advancements have enabled GBD 2021
to produce cause-specific estimates of mortality more
easily than in previous iterations; however, as with any
study of this scope, there are several important limitations
to acknowledge. Cause-specific limitations for every
cause of death in GBD are detailed in appendix 1
(section 3). Here, we describe cross-cutting limitations
with applicability across many causes. First, sparsity of
data or unreliability of data from specific regions, time
periods, or age groups can influence the accuracy of our
estimates, particularly poor data quality and coverage
from western, eastern, southern, and central sub-
Saharan Africa and south Asia. Second, the quality of
cause-of-death and verbal-autopsy data rely on accurately
coded death certificates to the international standards set
by the International Classification of Diseases and are
subject to the practice of the doctor completing the death
certificate, who may or may not have received training to
facilitate comparability of reporting underlying causes
of death. This process is further complicated by
comorbidities at the time of death, which might affect
the accuracy of both vital-registration and verbal-autopsy
data sources. A key data-processing method for GBD is
the re-allocation of incorrectly or vaguely assigned
deaths—referred to as garbage codes"—to a more
accurate, plausible underlying cause of death. This step
helps to create comparable cause-specific estimates of
mortality by underlying cause. Third, GBD assesses
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quality of cause-of-death data partly by examining levels
of completeness, which indicate the accuracy with which
the vital registration can capture deaths that occur in a
location-year, irrespective of the percentage of garbage
coding. Data completeness depends on the percentage of
well-certified data, which is not necessarily indicative of
low garbage coding. Fourth, some sources of uncertainty,
including the covariates used in models, are not captured
in our estimation process. Fifth, we used a negative
binomial modelling approach to improve our estimation
of deaths for some causes with over-dispersed data, but
do not have a standardised empirical approach for
selecting causes to which we apply this method. Sixth, to
provide estimates for locations with low levels of
completeness, as well as to address the lags in data
reporting that occur, our estimates for the most recent
years depend more heavily on the modelling process. For
causes where data are limited, providing estimates with
appropriate uncertainty is preferable to providing no
information. Seventh, in the calculation of life expectancy
decomposition, there is instability when the difference in
all-cause deaths is too small. In this case, we use the
reduced Das Gupta equation (appendix 1 section 7).
Additionally, to avoid assigning positive life-expectancy
contributions to COVID-19-related causes, if the signs
for the change in life expectancy and all-cause deaths
were the same, we used the same reduced Das Gupta
formula, except in the case that the cause in question was
COVID-19-related (either COVID-19 or OPRM), when a
modified version was used. When viewing life expectancy
decomposition, it is important to understand the effects
of fatal discontinuity events, such as earthquakes or
conflict. If life-expectancy decomposition is calculated for
2 consecutive years, we can see the effect of unique,
stochastic events, but for the longer time periods, the
interpretation of the effect of these events will be
misleading. This method works well with causes that
have continuous time trends, and not for causes that
have mortality spikes in select years and locations. This
type of event confounds true health trends within a time
period because the absence or presence of a disaster is
seen as a change in life expectancy. Finally, this cycle of
GBD contains additional limitations that pertain to
modelling deaths and related mortality from the
COVID-19 pandemic. The limitations of the methods
used to calculate COVID-19 have been fully outlined in
previous publications,” but it is important to reiterate
that COVID-19 estimates are limited by data-source
availability. The methods to estimate COVID-19-related
deaths were especially limited in certain regions, such as
sub-Saharan Africa, which means our estimates in these
areas are solely driven by relationships with covariates.
Future development of these data sources is crucial
because estimates improve as the quality of the
underlying data sources improves. Subsequent GBD
cycles will provide revised estimates after additional data
for recent years become available.

Future directions

In the next iteration of GBD, we will include over
100 location-years of vital registration and other data
types that have been reported since GBD 2021 estimates
were produced. Additionally, we will continue to expand
the estimation of causes of death by disaggregating broad
categories of causes of death into more detailed causes
where available. These improvements aim to enhance
precision and timeliness of estimates of COVID-19-
related deaths and other cause of death. We also plan to
simplify our approach to estimating COVID-19-related
deaths. In lieu of the residual OPRM category reported in
GBD 2021, we will use all available location-years of
cause-of-death data to attribute mortality to specific
causes, removing this residual category. We anticipate
that this method will facilitate more timely and actionable
insights for public health planning and policy making,
especially as we expect to observe more regular and
modellable mortality patterns in the post-pandemic
years. Through these advancements, we will improve the
utility and accuracy of the GBD study as a tool for
effective public strategies.

Conclusion

Findings from GBD 2021 provide a comprehensive
overview of long-term mortality trends along with
important insights into the COVID-19 pandemic years.
The COVID-19 pandemic fundamentally changed the
landscape of global health and mortality. As a leading
cause of death, COVID-19 reduced life expectancy in
2 years nearly as much as reductions in communicable
and NCDs have improved it over decades. The changes in
mortality caused by the pandemic were not predictable
through the standard GBD estimation methods and
required the development and application of novel
estimation methods as the pandemic emerged in real
time. These timely updates on causes of death are
essential for monitoring progress, identifying prevailing
health concerns, guiding targeted interventions, and
optimising resource allocation. GBD 2021 shows that
better life expectancy outcomes might be achieved by
leveraging past successes in mortality reduction. If future
policy efforts are guided by the successes made in
countries and regions with effective disease-mitigation
programmes, such achievements might be replicated in
locations where high mortality persists. While COVID-19
and other health challenges continue, GBD 2021 can offer
valuable guidance for public health investment and policy
making.
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