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Estimates of global, regional, and national incidence, 
prevalence, and mortality of HIV, 1980–2015: the Global 
Burden of Disease Study 2015
GBD 2015 HIV Collaborators*

Summary
Background Timely assessment of the burden of HIV/AIDS is essential for policy setting and programme evaluation. 
In this report from the Global Burden of Disease Study 2015 (GBD 2015), we provide national estimates of levels and 
trends of HIV/AIDS incidence, prevalence, coverage of antiretroviral therapy (ART), and mortality for 195 countries 
and territories from 1980 to 2015. 

Methods For countries without high-quality vital registration data, we estimated prevalence and incidence with data 
from antenatal care clinics and population-based seroprevalence surveys, and with assumptions by age and sex on 
initial CD4 distribution at infection, CD4 progression rates (probability of progression from higher to lower CD4 
cell-count category), on and off  antiretroviral therapy (ART) mortality, and mortality from all other causes. 
Our estimation strategy links the GBD 2015 assessment of all-cause mortality and estimation of incidence and 
prevalence so that for each draw from the uncertainty distribution all assumptions used in each step are internally 
consistent. We estimated incidence, prevalence, and death with GBD versions of the Estimation and Projection 
Package (EPP) and Spectrum software originally developed by the Joint United Nations Programme on HIV/AIDS 
(UNAIDS). We used an open-source version of EPP and recoded Spectrum for speed, and used updated assumptions 
from systematic reviews of the literature and GBD demographic data. For countries with high-quality vital registration 
data, we developed the cohort incidence bias adjustment model to estimate HIV incidence and prevalence largely 
from the number of deaths caused by HIV recorded in cause-of-death statistics. We corrected these statistics for 
garbage coding and HIV misclassifi cation.

Findings Global HIV incidence reached its peak in 1997, at 3·3 million new infections (95% uncertainty interval [UI] 
3·1–3·4 million). Annual incidence has stayed relatively constant at about 2·6 million per year (range 2·5–2·8 million) 
since 2005, after a period of fast decline between 1997 and 2005. The number of people living with HIV/AIDS has been 
steadily increasing and reached 38·8 million (95% UI 37·6–40·4 million) in 2015. At the same time, HIV/AIDS 
mortality has been declining at a steady pace, from a peak of 1·8 million deaths (95% UI 1·7–1·9 million) in 2005, to 
1·2 million deaths (1·1–1·3 million) in 2015. We recorded substantial heterogeneity in the levels and trends of HIV/AIDS 
across countries. Although many countries have experienced decreases in HIV/AIDS mortality and in annual new 
infections, other countries have had slowdowns or increases in rates of change in annual new infections.

Interpretation Scale-up of ART and prevention of mother-to-child transmission has been one of the great successes of 
global health in the past two decades. However, in the past decade, progress in reducing new infections has been slow, 
development assistance for health devoted to HIV has stagnated, and resources for health in low-income countries 
have grown slowly. Achievement of the new ambitious goals for HIV enshrined in Sustainable Development Goal 3 
and the 90-90-90 UNAIDS targets will be challenging, and will need continued eff orts from governments and 
international agencies in the next 15 years to end AIDS by 2030. 

Funding Bill & Melinda Gates Foundation, and National Institute of Mental Health and National Institute on Aging, 
National Institutes of Health.

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

Introduction
HIV/AIDS is a leading cause of death and disease 
burden, especially in sub-Saharan Africa.1–5 Introduction of 
antiretroviral therapy (ART) in 1996 greatly reduced 
HIV-related mortality.6,7 Creation of the Joint United 
Nations Programme on HIV/AIDS (UNAIDS) in 1996; the 
Global Fund to Fight AIDS, Tuberculosis and Malaria in 
2002; and the US President’s Emergency Plan for AIDS 

Relief (PEPFAR) in 2003, galvanised the mobilisation of 
resources to combat the HIV epidemic. In the past 15 years, 
the global com munity has provided US$109·8 billion of 
development assistance to curb the HIV/AIDS epidemic.8 
As a result, HIV mortality has declined overall in 
low-income and middle-income countries since 2004.1

The success of ART and prevention of mother-to-child 
transmission programmes led to ambitious calls to 
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eliminate HIV as a public health threat. However, 
maintenance and scale-up of suffi  ciently funded AIDS 
eff orts will be crucial to realise the goal of ending the 
AIDS epidemic as a public health threat by 2030.9 
Achievement of these goals, including the UNAIDS 90-
90-90 targets, which aim to have 90% of people living 
with HIV know their status, 90% of those detected 
treated with ART, and 90% of those receiving treatment 
achieving viral load suppression,10 requires a coordinated 
global scale-up of prevention pro grammes, pre-exposure 
prophylaxis (PrEP), and detection and treatment 
programmes.11 However, development assistance for 
health targeted for HIV has stagnated since 2010, and, in 
many low-income countries, national resources for 
health are scarce and expected to grow slowly.12,13

The ambitious goals set forth by the global community, 
and the few resources available to combat HIV/AIDS, 
emphasise the importance of under standing and 
monitoring the trends of each country’s HIV/AIDS 
epidemic. Measurement of disease burden according to 
geographic units enables comparison with other major 
conditions, showing where the epidemic remains a 

dominant cause of health loss and where the burden is 
still rising in spite of national and global eff orts. Such 
measurement also enables direct comparison of 
diff erent HIV/AIDS metrics, emphasising the specifi c 
needs of each geographic region and allowing for a 
more targeted response to the epidemic. 

UNAIDS produces a biannual assessment of 
incidence of infections, prevalence of people living with 
HIV, and deaths from HIV/AIDS;14 the Global Burden of 
Disease Study (GBD) provides an alternative assessment 
of these rates. UNAIDS and GBD estimates have 
increasingly converged at the global level.2 Nevertheless, 
estimates diff er substantially in several countries, 
particularly in middle-income and high-income 
countries, where GBD estimates are based on data from 
vital registration systems and UNAIDS estimates are 
based on prevalence in high-risk groups and estimates 
of the fraction of the population in these groups. This 
report from GBD 2015 provides a unique perspective on 
the national-level epidemiology of HIV/AIDS, which 
includes a comprehensive assessment of HIV/AIDS 
incidence, prevalence, and deaths. 

Research in context

Evidence before this study
We searched PubMed between Aug 18, 2015, and 
April 3, 2016, for studies that comprehensively assessed the 
burden of HIV/AIDS globally. Our search terms included “HIV” 
and “global” and “mortality” or “incidence” or “prevalence”, 
and searches were restricted to articles published in English up 
to April 1, 2016. To our knowledge through the search, Global 
Burden of Disease (GBD) and UNAIDS are the only two sources 
that provide comparable evaluations of levels and trends of 
the HIV/AIDS epidemic at both the global and country level. 
UNAIDS has provided global estimates on HIV/AIDS since 
1997, and has developed two epidemiological programs to 
estimate incidence, prevalence, and mortality: Estimation and 
Projection Package (EPP) and Spectrum. GBD 2013 used 
improved versions of Spectrum to generate comprehensive, 
comparable estimates of levels and trends of HIV/AIDS 
incidence, prevalence, and mortality across geographies. 
Studies from both organisations have shown rapid changes in 
the HIV/AIDS epidemic worldwide and that up-to-date 
epidemiological and demographic information is needed to 
more accurately assess the burden of HIV at both the country 
and global level.

Added value of this study
For GBD 2015, we systematically updated the key inputs to 
our HIV/AIDS estimation process, which includes prevalence 
from national surveys and antenatal care clinics, demographic 
input on fertility and migration, mortality on and off  
antiretroviral therapy (ART), and background HIV-free 
mortality; updates to these inputs were concluded in 
April, 2016; October, 2015; December, 2015; and April, 2016, 

respectively. We also improved the integration of EPP, 
Spectrum, and the GBD all-cause mortality estimation process 
to make them internally consistent. For countries with 
high-quality vital registration data, we developed a new 
method to improve the accuracy of and consistency among 
estimates of HIV/AIDS incidence, prevalence, and mortality 
leveraging the number of deaths recorded each year as caused 
by HIV/AIDS. This method also allowed us to use vital 
registration data to generate plausible incidence curves in 
countries that are not part of UNAIDS’ results, and in 
subnational units where we previously only had national-level 
data. We developed an ensemble model to reconcile HIV 
mortality estimates from EPP and Spectrum and from those 
indicated in GBD’s all-cause mortality estimation process. 
Remarkable progress has been made in curbing the HIV/AIDS 
epidemic worldwide; however, our fi ndings emphasise the 
need for continued eff orts from governments and 
international agencies in the next 15 years to end AIDS by 
2030, in view of the low ART coverage and stagnation in 
decline of annual new infections in the past decade. 

Implications of all available evidence 
Improving on existing models of HIV/AIDS burden estimates, 
this study provides the most comprehensive and internally 
consistent assessments of the levels and trends of HIV/AIDS 
incidence, prevalence, and mortality worldwide so far. 
This timely report provides much needed assessment of 
achievement of Millennium Development Goal 6, and lays out 
the challenges facing the global community in progress 
towards the HIV goals enshrined in Sustainable Development 
Goal 3 and the 90-90-90 UNAIDS targets. 
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Methods 
Study design 
GBD is a systematic, scientifi c eff ort to quantify all-cause 
mortality; cause-specifi c mortality; and disease incidence, 
prevalence, and burden attributable to risk factors by age, 
sex, and geography over time. GBD 2015 includes 
195 countries and territories and covers the time span 
from 1980 to 2015. Additional details of the GBD cause 
hierarchy, data inputs and processing, and estimation 
methods have been published elsewhere.15

In brief, the GBD estimation framework for HIV/AIDS 
used the general natural history epidemiological models, 
Estimation and Projection Package (EPP) and Spectrum, 
developed by UNAIDS for estimation of the burden of 
HIV/AIDS for their biannual report on the state of the 
HIV/AIDS epidemic at the global and country levels.1 
EPP uses HIV seroprevalence estimates from surveys 
and antenatal care clinics to estimate incidence curves 
that are consistent with the input data of prevalence and 
other factors, including on-ART and off -ART mortality 
and demographic information within the given 
population. Spectrum, a compartmental model, is used 
to generate age-specifi c and sex-specifi c incidence, 
prevalence, and mortality by use of the incidence curves 
generated in EPP and other key inputs, including 
program data on ART and prevention of mother-to-child 
transmission and other key assumptions of on-ART and 
off -ART mortality and HIV-free background mortality. 
Details of methods and parameters in EPP and Spectrum 
have been described previously.16–23

In GBD 2015, we improved on UNAIDS’ estimation 
procedures in four ways. First, we used additional data, 
both from vital registration systems and population 
health surveys, to measure seroprevalence. Second, we 
used consistent estimates of HIV-free mortality in both 
EPP and Spectrum, and in the estimation of on-ART and 
off -ART mortality—key inputs to both EPP and 
Spectrum. These HIV-free mortality rates, generated in 
GBD’s all-cause mortality estimation process, have 
linked our HIV/AIDS estimation process and the 
all-cause mortality estimation process. Third, we 
developed an adjustment process—cohort incidence bias 
adjust ment—to ensure that incidence and prevalence 
estimates formulated with Spectrum are consistent with 
HIV mortality estimates based on vital registration 
systems when available. Fourth, through an expanded 
literature search, we updated rates of on-ART mortality 
(appendix pp 6–10), particularly for developed countries, 
in close collaboration with the Antiretroviral Therapy 
Cohort Collaboration.24

Due to the interconnected nature of the HIV modelling 
process and the process of estimation of mortality and 
causes of death, data and codes for the GBD 2015 HIV 
estimation process will be made available along with all 
the GBD 2015 results, in compliance with the Guidelines 
for Accurate and Transparent Health Estimates Reporting 
(GATHER) developed by the WHO.25

Mortality estimation 
The GBD estimation framework contains three sources 
for estimates of HIV-specifi c mortality: estimated HIV 
mortality from Spectrum; estimated excess HIV/AIDS 
mortality in our all-cause mortality estimation process;15 
and space–time Gaussian process regression smoothed 
cause-specifi c HIV/AIDS mortality from vital registration 

Figure 1: Evolution of the HIV epidemic from 1980 to 2015
Global estimates of new HIV infections (A), people living with HIV/AIDS (B), HIV/AIDS deaths (C), and proportion of 
people living with HIV receiving ART (D). Shaded areas show 95% uncertainty intervals. ART=antiretroviral therapy. 
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Figure 2: Incidence of new HIV infections from 1980 to 2015, and HIV incidence in 2015 
Global number of new HIV infections by region (A). Bars show the mean number of estimated new infections within a given year. Error bars represent 95% uncertainty intervals. Each Global Burden of 
Disease region is represented by a separate colour. HIV incidence by country (B). We calculated incidence as cumulative new cases of HIV throughout the year divided by the total population at the 
mid-year. Rates are per 100 000 people. Colour bins correspond to the 0–50th, 50–70th, 70–80th, 80–90th, 90th–92nd, 92nd–94th, 96–98th, 98–99th, and 99–100th percentiles to highlight variation 
within sub-Saharan Africa. ATG=Antigua and Barbuda. VCT=Saint Vincent and the Grenadines. LCA=Saint Lucia. TTO=Trinidad and Tobago. TLS=Timor-Leste. FSM=Federated States of Micronesia.
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systems that were adjusted for incompleteness and 
misclassifi cation of causes of death. We used tailored 
estimation methods to produce fi nal estimates of 
mortality depending on age groups, and the availability 
and quality of data for mortality of HIV/AIDS. 

We assigned countries and territories to one of four 
groups, depending on data availability and quality. Group 1 
included countries with prevalence data from either 
household surveys or antenatal care clinics, most of which 
have generalised epidemics. Group 2A referred to 
countries with high-quality vital registration systems, 
which in GBD 2015 included countries with more than 
25 years of vital registration data with more than 95% 
completeness. Group 2B referred to countries with vital 
registration systems that were not in group 2A. Group 2C 
included countries for which we had no data from a vital 
registration system. Briefl y, for adults in group 1 countries, 
we applied an ensemble model to average HIV/AIDS 
mortality rates from Spectrum and those implied by the 
all-cause mortality estimation process. This approach was 
based on the fact that our estimation processes (appendix 
pp 12–15) in EPP, Spectrum, and all-cause mortality 
models were intrinsically linked by the same HIV-free 
mortality rates at the draw level for group 1 countries. 
Because EPP and Spectrum are largely based on prevalence 
estimates from surveys and antenatal care clinics and 
various assumptions, and all-cause mortality estimation 
process in group 1 countries are mostly based on sibling 
survival data with various biases that need to be corrected 
for, we used our ensemble model to give equal weights to 
HIV mortality estimates from the two processes. 

For adults in group 2A countries, we used the results 
from space–time Gaussian process regression for 
age-specifi c HIV mortality. For adults in group 2B and 
2C countries, we used the HIV-specifi c mortality rates 
from Spectrum with cohort incidence bias adjustment. 
For children younger than 5 years in group 1, we applied 
the proportion of all HIV deaths estimated within 
Spectrum to the age-specifi c all-cause mortality 
estimates. For children of this age in group 2A countries, 
we used space–time Gaussian process regression 
estimates of HIV mortality. For children aged 5–14 years 
from countries in group 1, we used the average of the 
HIV-specifi c mortality rates from Spectrum and the 
implied HIV mortality from the all-cause mortality 
process. For group 2A countries, we used estimates of 
HIV mortality from space–time Gaussian process 
regression. For groups 2B and 2C, we used the estimates 
of HIV-specifi c mortality from Spectrum. 

Incidence and prevalence estimation 
We generated incidence and prevalence estimates with 
the recoded Spectrum model with updated assumptions 
of on-ART and off -ART mortality and other program data 
from the UNAIDS country fi les. 

HIV cause-specifi c deaths from vital registration 
systems and sample registration systems are among the 

most reliable sources for estimation of the burden of 
HIV/AIDS. We used our cohort incidence bias adjust-
ment method to scale the sizes of each incidence cohort 
on the basis of the raw estimates of HIV mortality from 
Spectrum, using unadjusted incidence curves and those 
observed in the vital registration system with proper 
incompleteness and cause misclassifi cation adjust-
ments.15 For this procedure, we fi rst ran space–time 
Gaussian process regression on age-specifi c HIV/AIDS 
mortality rates after correcting for garbage codes, HIV 
misclassifi cation, and under-registration by use of 
formal demographic methods to generate complete 
time-series estimates by location, sex, year, and age. We 
then restructured Spectrum by addition of another com-
partment such that it could follow groups of people 
living with HIV/AIDS who were infected in a specifi c 
year and age group. We then ran the modifi ed program 
to produce 1000 draws of incidence, prevalence, and 
mortality for each location and sex combination. From 
this step, we were able to obtain the proportion of each 
infection cohort dying in each year and age cell after 
infection. We then used these proportions to weigh the 
ratio of the numbers of deaths based on the age-specifi c 
mortality rates from vital registration and processed by 
space–time Gaussian process regression, and the 
population estimated with Spectrum, and those directly 
from Spectrum. This process greatly improves both the 
model fi t on mortality data, closer to what the adjusted 
vital registration suggests, and the incidence mortality 
ratio. Further details of the method are described in 
appendix pp 13–15. 

Uncertainty analysis
We systematically propagated uncertainty across EPP, 
Spectrum, and the all-cause mortality estimation 
processes. We used 1000 draws of the quantities of 
interest throughout all the steps in the estimation 
process. Some key inputs to the HIV estimation process 
did not include uncertainty: these were estimates of 
fertility and population, HIV programme metrics 
(including coverage of ART and prevention of mother-to-
child transmission), and behavioural factors. We present 
results with 95% uncertainty intervals (UIs). 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had fi nal responsibility for 
the decision to submit for publication.

Results
Global HIV incidence peaked in 1997, at 3·3 million new 
infections (95% UI 3·1–3·4 million), decreasing by 4·8% 
(4·0–5·5) per year to 2005 (fi gure 1A). From 2005 to 2015, 
the global incidence remained relatively stable, at about 
2·5–2·6 million per year (fi gure 1A). Prevalence of 
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New infections 
(in thousands)

People living with HIV 
(in thousands)

HIV/AIDS deaths 
(in thousands)

ART coverage per 
100 people living 
with HIV (%)

Age-standardised 
incidence ARC from 
2005 to 2015

Age-standardised 
prevalence ARC 
from 2005 to 2015

Age-standardised 
mortality ARC from 
2005 to 2015

Global 2450·92
(2236·13 to 2686·79)

38 802·50
(37 635·88 to 40 371·67)

1192·57
(1131·11 to 1270·05)

40·60
(39·36 to 41·80)

–0·02
(–0·03 to –0·01)

0·01
(0·00 to 0·01)

–0·05
(–0·06 to –0·05)

High SDI 101·75
(75·18 to 146·96)

2204·18
(1751·36 to 2799·27)

33·51
(31·96 to 35·43)

51·49
(43·90 to 57·55)

0·01
(–0·01 to 0·04)

0·01
(0·00 to 0·02)

–0·01
(–0·02 to –0·01)

High-to-middle SDI 646·76
(557·07 to 748·55)

10 421·94
(9873·26 to 10 989·83)

240·15
(224·08 to 259·28)

48·01
(45·99 to 50·13)

–0·02
(–0·03 to –0·01)

0·01
(0·01 to 0·02)

–0·05
(–0·06 to –0·05)

Middle SDI 298·33
(238·18 to 394·91)

4155·45
(3616·14 to 5163·64)

131·57
(111·27 to 183·00)

37·66
(32·68 to 40·83)

0·00
(–0·02 to 0·02)

0·02
(0·01 to 0·03)

–0·02
(–0·04 to –0·00)

Low-to-middle SDI 796·30
(655·25 to 951·76)

11 783·44
(11 251·57 to 12 472·97)

408·87
(368·10 to 457·42)

35·48
(33·62 to 37·52)

–0·01
(–0·03 to 0·01)

–0·00
(–0·01 to 0·00)

–0·06
(–0·07 to –0·06)

Low SDI 606·54
(510·14 to 707·36)

10 213·36
(9762·90 to 10 684·37)

377·68
(350·43 to 408·08)

37·89
(35·93 to 39·79)

–0·05
(–0·07 to –0·03)

–0·01
(–0·02 to –0·01)

–0·08
(–0·09 to –0·07)

High-income 45·67
(37·88 to 53·92)

1660·18
(1359·94 to 1997·98)

13·95
(13·79 to 14·11)

66·91
(64·76 to 69·43)

–0·01
(–0·02 to –0·00)

–0·00
(–0·01 to 0·00)

–0·06
(–0·06 to –0·05)

High-income North 
America

24·16
(18·76 to 31·10)

882·60
(692·93 to 1136·45)

7·89
(7·79 to 7·98)

69·86
(66·81 to 73·51)

–0·02
(–0·04 to –0·01)

–0·00
(–0·01 to 0·00)

–0·07
(–0·07 to –0·07)

Canada 1·11
(0·18 to 2·81)

49·25
(15·89 to 102·34)

0·31
(0·29 to 0·33)

64·14
(56·58 to 73·43)

–0·03
(–0·14 to 0·02)

–0·01
(–0·03 to 0·01)

–0·06
(–0·07 to –0·05)

Greenland 0·00
(0·00 to 0·01)

0·23
(0·06 to 0·55)

0·00
(0·00 to 0·00)

61·88
(52·84 to 69·43)

–0·10
(–0·65 to –0·02)

–0·01
(–0·03 to 0·00)

–0·03
(–0·07 to 0·01)

USA 23·04
(17·68 to 29·96)

833·03
(648·62 to 1078·06)

7·57
(7·48 to 7·67)

70·18
(67·09 to 74·00)

–0·02
(–0·04 to –0·01)

–0·00
(–0·01 to 0·00)

–0·07
(–0·07 to –0·07)

Australasia 0·45
(0·19 to 0·89)

18·69
(7·37 to 37·10)

0·10
(0·09 to 0·10)

62·24
(57·73 to 67·54)

–0·02
(–0·04 to –0·01)

–0·00
(–0·01 to 0·00)

–0·04
(–0·05 to –0·03)

Australia 0·39
(0·15 to 0·84)

16·24
(5·20 to 34·28)

0·09
(0·08 to 0·09)

62·38
(57·07 to 68·35)

–0·02
(–0·03 to –0·01)

–0·01
(–0·02 to 0·00)

–0·04
(–0·05 to –0·03)

New Zealand 0·06
(0·02 to 0·13)

2·45
(0·71 to 5·38)

0·01
(0·01 to 0·01)

60·68
(54·45 to 68·06)

–0·03
(–0·10 to –0·01)

0·00
(–0·01 to 0·01)

–0·04
(–0·05 to –0·03)

High-income Asia 
Pacifi c

0·75
(0·55 to 1·02)

22·06
(14·82 to 35·17)

0·32
(0·31 to 0·33)

49·98
(45·98 to 53·54)

–0·03
(–0·09 to –0·00)

0·02
(0·01 to 0·03)

–0·01
(–0·01 to –0·01)

Brunei 0·01
(0·00 to 0·03)

0·26
(0·09 to 0·59)

0·00
(0·00 to 0·00)

37·66
(29·23 to 47·75)

–0·03
(–0·16 to 0·02)

0·02
(–0·00 to 0·04)

–0·02
(–0·06 to 0·01)

Japan 0·50
(0·40 to 0·60)

10·41
(8·40 to 12·69)

0·17
(0·17 to 0·17)

57·43
(55·29 to 60·02)

0·01
(–0·00 to 0·02)

0·04
(0·03 to 0·04)

–0·03
(–0·03 to –0·03)

Singapore 0·05
(0·02 to 0·10)

1·85
(0·60 to 4·06)

0·01
(0·01 to 0·01)

54·61
(45·56 to 64·61)

0·01
(–0·05 to 0·05)

0·01
(–0·01 to 0·02)

0·12
(0·11 to 0·12)

South Korea 0·19
(0·02 to 0·43)

9·54
(2·92 to 21·96)

0·14
(0·13 to 0·14)

39·34
(31·76 to 47·08)

–0·12
(–0·32 to –0·04)

0·00
(–0·01 to 0·02)

0·01
(0·01 to 0·02)

Western Europe 12·89
(9·48 to 16·95)

651·38
(448·53 to 896·75)

3·42
(3·35 to 3·50)

63·81
(60·91 to 67·06)

–0·03
(–0·04 to –0·02)

–0·01
(–0·01 to –0·00)

–0·06
(–0·06 to –0·05)

Andorra 0·00
(0·00 to 0·01)

0·21
(0·02 to 1·37)

0·00
(0·00 to 0·01)

57·49
(32·52 to 80·56)

–0·04
(–0·72 to 0·10)

0·01
(–0·03 to 0·08)

–0·01
(–0·08 to 0·08)

Austria 0·31
(0·10 to 0·71)

11·65
(2·72 to 28·30)

0·04
(0·04 to 0·04)

55·15
(48·70 to 62·52)

–0·04
(–0·09 to –0·01)

0·01
(–0·00 to 0·02)

–0·06
(–0·06 to –0·05)

Belgium 0·21
(0·06 to 0·47)

10·68
(2·90 to 25·23)

0·05
(0·05 to 0·05)

61·74
(55·20 to 68·73)

–0·03
(–0·12 to 0·00)

–0·00
(–0·02 to 0·01)

–0·04
(–0·05 to –0·04)

Cyprus 0·01
(0·00 to 0·03)

0·39
(0·11 to 0·88)

0·00
(0·00 to 0·00)

48·50
(40·52 to 58·86)

–0·06
(–0·67 to 0·02)

0·01
(–0·01 to 0·03)

0·00
(–0·04 to 0·03)

Denmark 0·13
(0·03 to 0·30)

7·67
(2·13 to 15·27)

0·03
(0·02 to 0·03)

62·61
(55·63 to 70·23)

–0·06
(–0·19 to –0·01)

–0·00
(–0·02 to 0·01)

–0·05
(–0·06 to –0·04)

Finland 0·03
(0·01 to 0·08)

1·35
(0·36 to 3·09)

0·01
(0·01 to 0·01)

57·85
(51·54 to 64·82)

–0·06
(–0·19 to –0·02)

0·00
(–0·01 to 0·02)

–0·04
(–0·05 to –0·04)

France 0·96
(0·36 to 2·04)

79·17
(23·19 to 175·70)

0·49
(0·46 to 0·52)

63·37
(54·81 to 71·07)

–0·04
(–0·08 to –0·02)

–0·02
(–0·04 to –0·01)

–0·07
(–0·08 to –0·07)

Germany 1·76
(0·65 to 3·66)

60·55
(17·98 to 129·32)

0·43
(0·41 to 0·46)

55·55
(47·85 to 64·54)

–0·01
(–0·04 to 0·01)

0·01
(–0·00 to 0·03)

–0·03
(–0·04 to –0·03)

Greece 0·05
(0·03 to 0·09)

1·22
(0·59 to 2·18)

0·02
(0·02 to 0·02)

39·67
(30·76 to 49·54)

0·01
(–0·02 to 0·03)

0·01
(–0·00 to 0·02)

–0·02
(–0·03 to –0·01)
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Iceland 0·01
(0·00 to 0·02)

0·18
(0·05 to 0·42)

0·00
(0·00 to 0·00)

50·06
(40·56 to 61·16)

–0·01
(–0·18 to 0·03)

0·01
(–0·01 to 0·03)

–0·04
(–0·05 to –0·04)

Ireland 0·06
(0·01 to 0·14)

2·55
(0·70 to 5·85)

0·01
(0·01 to 0·01)

58·51
(51·76 to 66·14)

–0·03
(–0·15 to –0·00)

–0·00
(–0·02 to 0·01)

–0·00
(–0·01 to 0·01)

Israel 0·17
(0·05 to 0·35)

4·85
(1·39 to 10·45)

0·04
(0·03 to 0·04)

50·92
(44·16 to 58·93)

–0·01
(–0·09 to 0·01)

0·01
(–0·01 to 0·02)

–0·02
(–0·03 to –0·01)

Italy 1·96
(0·76 to 4·19)

137·07
(43·51 to 276·32)

0·61
(0·57 to 0·64)

67·08
(62·08 to 72·04)

–0·05
(–0·07 to –0·03)

–0·01
(–0·02 to –0·00)

–0·03
(–0·03 to –0·02)

Luxembourg 0·01
(0·00 to 0·03)

0·41
(0·12 to 0·96)

0·00
(0·00 to 0·00)

52·04
(43·46 to 61·91)

0·00
(–0·09 to 0·03)

0·01
(–0·01 to 0·02)

–0·05
(–0·05 to –0·04)

Malta 0·01
(0·00 to 0·02)

0·26
(0·08 to 0·58)

0·00
(0·00 to 0·00)

48·30
(38·71 to 59·59)

0·01
(–0·08 to 0·04)

0·02
(–0·00 to 0·04)

–0·03
(–0·03 to –0·02)

Netherlands 0·20
(0·07 to 0·47)

14·56
(4·14 to 32·34)

0·05
(0·05 to 0·05)

69·53
(62·81 to 76·01)

–0·02
(–0·07 to 0·01)

–0·02
(–0·03 to –0·01)

–0·07
(–0·07 to –0·06)

Norway 0·05
(0·02 to 0·11)

2·77
(0·78 to 6·18)

0·01
(0·01 to 0·01)

63·51
(57·61 to 69·83)

–0·02
(–0·09 to –0·00)

–0·01
(–0·02 to 0·00)

–0·08
(–0·09 to –0·07)

Portugal 2·22
(0·53 to 4·91)

115·25
(32·31 to 263·86)

0·53
(0·50 to 0·56)

60·58
(54·02 to 66·88)

–0·04
(–0·13 to –0·01)

–0·01
(–0·02 to 0·00)

–0·07
(–0·08 to –0·07)

Spain 2·35
(0·99 to 4·76)

130·33
(39·66 to 281·12)

0·82
(0·77 to 0·87)

65·54
(56·76 to 73·75)

0·01
(–0·01 to 0·02)

–0·02
(–0·03 to –0·01)

–0·08
(–0·09 to –0·07)

Sweden 0·08
(0·03 to 0·15)

3·69
(1·62 to 6·61)

0·02
(0·02 to 0·02)

76·01
(71·06 to 82·01)

–0·01
(–0·06 to 0·01)

–0·00
(–0·02 to 0·01)

–0·05
(–0·05 to –0·04)

Switzerland 0·20
(0·05 to 0·45)

13·03
(3·77 to 28·24)

0·04
(0·04 to 0·04)

69·48
(64·10 to 75·77)

0·00
(–0·09 to 0·03)

–0·01
(–0·03 to –0·01)

–0·06
(–0·07 to –0·06)

UK 2·06
(1·66 to 2·54)

52·67
(41·67 to 66·15)

0·22
(0·21 to 0·22)

61·21
(58·45 to 64·08)

–0·04
(–0·04 to –0·03)

0·02
(0·02 to 0·03)

–0·03
(–0·04 to –0·03)

Southern Latin 
America

7·42
(3·55 to 10·30)

85·45
(56·64 to 122·34)

2·23
(2·13 to 2·32)

63·83
(58·62 to 69·84)

0·04
(–0·05 to 0·07)

0·02
(0·00 to 0·03)

–0·01
(–0·02 to –0·01)

Argentina 6·32
(2·58 to 9·20)

62·94
(36·49 to 96·26)

1·60
(1·51 to 1·70)

69·73
(64·04 to 76·37)

0·07
(–0·05 to 0·09)

0·03
(0·00 to 0·04)

–0·01
(–0·02 to –0·01)

Chile 0·71
(0·43 to 1·15)

16·25
(7·33 to 32·90)

0·46
(0·43 to 0·49)

45·88
(33·79 to 57·54)

–0·05
(–0·08 to –0·01)

–0·01
(–0·02 to 0·01)

–0·00
(–0·01 to 0·00)

Uruguay 0·38
(0·20 to 0·64)

6·26
(2·83 to 11·94)

0·16
(0·15 to 0·18)

46·96
(39·24 to 56·35)

–0·01
(–0·05 to 0·03)

0·01
(–0·01 to 0·02)

–0·01
(–0·02 to –0·00)

Eastern Europe, central 
Europe, and central Asia

78·25
(52·91 to 122·49)

940·86
(617·41 to 1490·53)

28·38
(26·94 to 30·12)

20·07
(16·88 to 24·38)

0·02
(–0·01 to 0·06)

0·03
(0·02 to 0·04)

0·01
(0·00 to 0·01)

Eastern Europe 73·10
(48·14 to 117·64)

864·89
(547·01 to 1413·14)

26·09
(24·67 to 27·65)

18·69
(15·34 to 23·40)

0·02
(–0·01 to 0·06)

0·03
(0·02 to 0·05)

0·01
(0·01 to 0·02)

Belarus 1·37
(0·76 to 2·29)

17·50
(8·74 to 29·52)

0·59
(0·41 to 0·96)

35·42
(27·69 to 46·87)

0·01
(–0·03 to 0·05)

0·04
(0·02 to 0·06)

0·02
(–0·00 to 0·05)

Estonia 0·11
(0·06 to 0·19)

1·62
(0·81 to 2·93)

0·03
(0·03 to 0·04)

31·07
(25·55 to 36·79)

–0·02
(–0·04 to 0·00)

0·05
(0·03 to 0·06)

–0·01
(–0·02 to 0·01)

Latvia 0·17
(0·05 to 0·35)

2·93
(1·42 to 5·82)

0·11
(0·10 to 0·12)

16·62
(11·92 to 23·32)

–0·05
(–0·16 to 0·00)

0·00
(–0·03 to 0·04)

0·04
(0·03 to 0·05)

Lithuania 0·08
(0·01 to 0·17)

1·67
(0·83 to 3·17)

0·06
(0·06 to 0·07)

22·13
(16·73 to 29·50)

–0·06
(–0·21 to –0·01)

0·00
(–0·03 to 0·03)

0·01
(–0·01 to 0·02)

Moldova 0·54
(0·31 to 0·92)

7·94
(3·67 to 14·59)

0·18
(0·16 to 0·21)

21·43
(15·09 to 30·21)

–0·01
(–0·03 to 0·01)

0·03
(0·02 to 0·04)

–0·03
(–0·04 to –0·02)

Russia 57·34
(32·75 to 102·27)

607·05
(312·14 to 1107·70)

17·89
(16·58 to 19·33)

13·91
(10·90 to 17·43)

0·05
(0·01 to 0·10)

0·05
(0·03 to 0·06)

0·03
(0·02 to 0·04)

Ukraine 13·49
(9·92 to 18·67)

226·16
(132·70 to 360·43)

7·22
(6·52 to 8·01)

28·19
(21·83 to 36·31)

–0·04
(–0·06 to –0·02)

0·01
(–0·00 to 0·01)

–0·01
(–0·03 to –0·00)

Central Europe 1·19
(0·82 to 1·55)

19·79
(14·35 to 26·53)

0·42
(0·39 to 0·49)

46·47
(41·14 to 52·17)

0·00
(–0·03 to 0·02)

0·02
(0·00 to 0·03)

–0·04
(–0·04 to –0·02)

Albania 0·00
(0·00 to 0·01)

0·07
(0·02 to 0·14)

0·00
(0·00 to 0·00)

46·34
(32·88 to 63·31)

–0·07
(–0·57 to 0·04)

0·00
(–0·04 to 0·04)

–0·00
(–0·04 to 0·04)

(Table continues on next page)
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Bosnia and 
Herzegovina

0·00
(0·00 to 0·01)

0·10
(0·03 to 0·21)

0·00
(0·00 to 0·01)

48·18
(35·41 to 63·19)

–0·06
(–0·50 to 0·04)

0·00
(–0·03 to 0·03)

–0·00
(–0·04 to 0·06)

Bulgaria 0·14
(0·06 to 0·26)

1·86
(0·83 to 4·00)

0·05
(0·05 to 0·06)

17·02
(12·25 to 22·96)

–0·00
(–0·06 to 0·03)

0·01
(–0·02 to 0·03)

–0·05
(–0·06 to –0·03)

Croatia 0·02
(0·00 to 0·02)

0·34
(0·16 to 0·60)

0·01
(0·01 to 0·01)

53·33
(43·15 to 65·99)

–0·02
(–0·12 to 0·01)

0·01
(–0·01 to 0·03)

0·01
(–0·00 to 0·02)

Czech Republic 0·04
(0·01 to 0·07)

0·75
(0·37 to 1·21)

0·01
(0·01 to 0·02)

53·80
(46·23 to 62·90)

0·01
(–0·10 to 0·05)

0·02
(–0·00 to 0·04)

0·03
(0·01 to 0·04)

Hungary 0·06
(0·04 to 0·08)

1·24
(0·66 to 1·99)

0·04
(0·04 to 0·05)

45·77
(37·00 to 56·61)

–0·02
(–0·05 to 0·00)

–0·02
(–0·03 to –0·00)

–0·08
(–0·09 to –0·06)

Macedonia 0·01
(0·00 to 0·01)

0·09
(0·03 to 0·18)

0·00
(0·00 to 0·00)

40·71
(29·03 to 59·30)

–0·06
(–0·53 to 0·04)

0·03
(–0·02 to 0·07)

0·02
(–0·02 to 0·08)

Montenegro 0·00
(0·00 to 0·01)

0·05
(0·02 to 0·10)

0·00
(0·00 to 0·00)

42·44
(30·59 to 60·43)

–0·04
(–0·53 to 0·07)

0·02
(–0·02 to 0·06)

0·01
(–0·03 to 0·07)

Poland 0·41
(0·13 to 0·67)

7·71
(3·88 to 12·56)

0·14
(0·13 to 0·15)

56·60
(48·73 to 67·12)

–0·00
(–0·11 to 0·03)

0·01
(–0·01 to 0·03)

–0·02
(–0·03 to –0·01)

Romania 0·45
(0·15 to 0·69)

6·33
(3·17 to 10·39)

0·09
(0·08 to 0·10)

43·39
(34·99 to 54·03)

0·03
(–0·07 to 0·06)

0·04
(0·01 to 0·06)

–0·06
(–0·07 to –0·05)

Serbia 0·04
(0·02 to 0·08)

0·87
(0·38 to 2·21)

0·05
(0·03 to 0·12)

26·76
(20·80 to 32·60)

–0·08
(–0·11 to –0·05)

–0·00
(–0·02 to 0·01)

0·08
(0·03 to 0·13)

Slovakia 0·02
(0·01 to 0·03)

0·24
(0·11 to 0·42)

0·01
(0·00 to 0·01)

46·16
(36·95 to 55·76)

0·02
(0·00 to 0·04)

0·04
(0·01 to 0·06)

0·00
(–0·03 to 0·02)

Slovenia 0·01
(0·00 to 0·01)

0·14
(0·06 to 0·27)

0·00
(0·00 to 0·00)

58·71
(45·13 to 71·99)

0·02
(–0·01 to 0·04)

–0·00
(–0·02 to 0·02)

–0·07
(–0·08 to –0·06)

Central Asia 3·96
(2·64 to 5·58)

56·19
(39·49 to 79·69)

1·87
(1·52 to 2·57)

30·50
(25·59 to 36·68)

–0·01
(–0·05 to 0·03)

0·01
(–0·01 to 0·02)

–0·03
(–0·05 to –0·02)

Armenia 0·07
(0·03 to 0·13)

0·57
(0·29 to 1·04)

0·02
(0·01 to 0·02)

21·59
(17·29 to 27·60)

0·07
(–0·03 to 0·26)

0·07
(0·02 to 0·12)

0·05
(0·00 to 0·09)

Azerbaijan 0·36
(0·17 to 0·58)

4·06
(1·89 to 7·45)

0·11
(0·07 to 0·21)

32·83
(23·57 to 47·48)

0·04
(–0·07 to 0·09)

0·02
(–0·01 to 0·05)

–0·06
(–0·09 to –0·02)

Georgia 0·15
(0·08 to 0·25)

1·70
(0·98 to 2·56)

0·03
(0·03 to 0·04)

38·75
(33·41 to 44·83)

0·04
(–0·01 to 0·09)

0·13
(0·10 to 0·15)

0·12
(0·09 to 0·15)

Kazakhstan 1·63
(0·88 to 2·64)

17·70
(8·32 to 31·95)

0·31
(0·27 to 0·36)

24·79
(19·36 to 32·88)

0·09
(0·06 to 0·14)

0·04
(0·02 to 0·05)

–0·05
(–0·07 to –0·04)

Kyrgyzstan 0·32
(0·16 to 0·62)

6·62
(3·03 to 13·08)

0·30
(0·21 to 0·46)

32·24
(26·28 to 38·78)

–0·07
(–0·14 to –0·01)

0·03
(0·01 to 0·05)

0·02
(0·01 to 0·04)

Mongolia 0·01
(0·00 to 0·01)

0·08
(0·03 to 0·17)

0·00
(0·00 to 0·01)

26·46
(17·72 to 41·13)

0·03
(–0·12 to 0·18)

–0·01
(–0·06 to 0·02)

–0·06
(–0·09 to –0·03)

Tajikistan 0·32
(0·14 to 0·61)

4·64
(2·20 to 8·86)

0·18
(0·13 to 0·30)

27·27
(20·60 to 36·20)

–0·03
(–0·12 to 0·06)

–0·01
(–0·03 to 0·02)

–0·05
(–0·08 to –0·02)

Turkmenistan 0·79
(0·10 to 1·96)

9·22
(3·17 to 19·29)

0·35
(0·22 to 0·56)

21·76
(13·98 to 36·05)

0·01
(–0·18 to 0·16)

0·02
(–0·05 to 0·07)

–0·01
(–0·05 to 0·04)

Uzbekistan 0·31
(0·10 to 0·68)

11·59
(5·53 to 26·29)

0·57
(0·35 to 1·16)

40·92
(29·74 to 52·77)

–0·17
(–0·29 to –0·08)

–0·05
(–0·06 to –0·03)

–0·06
(–0·09 to –0·02)

Latin America and 
Caribbean

85·47
(77·62 to 94·22)

1322·07
(1194·38 to 1474·60)

46·81
(43·27 to 50·98)

45·10
(43·68 to 46·49)

–0·00
(–0·01 to 0·00)

0·01
(0·00 to 0·01)

–0·02
(–0·03 to –0·02)

Central Latin America 29·38
(24·91 to 34·23)

394·06
(328·88 to 465·79)

12·31
(12·01 to 12·71)

40·01
(38·29 to 41·84)

0·01
(0·00 to 0·03)

0·02
(0·02 to 0·03)

–0·02
(–0·02 to –0·02)

Colombia 6·15
(3·42 to 10·00)

73·95
(36·96 to 131·07)

2·42
(2·30 to 2·56)

29·75
(24·34 to 36·98)

0·03
(0·00 to 0·07)

0·02
(0·01 to 0·04)

–0·02
(–0·03 to –0·02)

Costa Rica 0·35
(0·22 to 0·50)

6·66
(3·38 to 10·89)

0·15
(0·14 to 0·16)

50·08
(43·35 to 56·40)

–0·03
(–0·05 to –0·02)

0·01
(0·01 to 0·02)

–0·02
(–0·03 to –0·01)

El Salvador 0·80
(0·47 to 1·21)

16·11
(8·09 to 27·60)

0·55
(0·42 to 0·77)

46·22
(40·88 to 50·96)

–0·05
(–0·07 to –0·03)

0·01
(–0·00 to 0·02)

0·02
(–0·01 to 0·04)

Guatemala 1·67
(0·84 to 2·96)

27·74
(12·99 to 49·27)

0·68
(0·65 to 0·71)

42·04
(36·62 to 47·33)

–0·03
(–0·10 to 0·03)

–0·00
(–0·02 to 0·02)

–0·06
(–0·06 to –0·05)
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Honduras 1·48
(0·88 to 2·29)

19·82
(12·09 to 30·07)

0·59
(0·50 to 0·73)

40·41
(35·61 to 45·45)

0·01
(–0·04 to 0·05)

0·02
(–0·01 to 0·04)

–0·03
(–0·06 to 0·00)

Mexico 12·47
(11·23 to 13·83)

169·52
(147·48 to 194·76)

5·17
(5·11 to 5·24)

45·67
(43·88 to 47·67)

0·01
(0·00 to 0·02)

0·03
(0·02 to 0·03)

–0·02
(–0·03 to –0·02)

Nicaragua 0·97
(0·49 to 1·68)

7·93
(4·03 to 13·74)

0·19
(0·16 to 0·25)

22·22
(19·37 to 25·34)

0·09
(0·04 to 0·14)

0·09
(0·06 to 0·11)

0·02
(–0·00 to 0·05)

Panama 1·80
(0·96 to 3·16)

18·92
(9·91 to 31·50)

0·51
(0·38 to 0·75)

38·52
(33·38 to 43·53)

0·12
(0·05 to 0·25)

0·02
(0·01 to 0·04)

–0·02
(–0·05 to 0·01)

Venezuela 3·68
(1·64 to 6·45)

53·41
(27·48 to 95·77)

2·04
(1·94 to 2·15)

33·10
(28·61 to 38·45)

–0·01
(–0·10 to 0·03)

0·02
(–0·00 to 0·04)

0·01
(0·00 to 0·02)

Andean Latin America 3·83
(2·68 to 5·33)

49·31
(32·11 to 71·86)

1·81
(1·54 to 2·20)

34·59
(31·27 to 38·93)

0·01
(–0·01 to 0·04)

0·02
(0·01 to 0·04)

–0·01
(–0·03 to 0·00)

Bolivia 0·19
(0·10 to 0·31)

2·23
(1·01 to 4·17)

0·10
(0·07 to 0·14)

18·69
(15·60 to 21·98)

0·02
(–0·02 to 0·07)

0·02
(–0·00 to 0·04)

–0·01
(–0·03 to 0·02)

Ecuador 2·02
(1·14 to 3·19)

23·39
(12·33 to 39·59)

0·79
(0·64 to 1·09)

34·40
(30·49 to 38·80)

0·02
(–0·01 to 0·06)

0·04
(0·01 to 0·06)

0·01
(–0·02 to 0·03)

Peru 1·62
(0·96 to 2·50)

23·70
(12·56 to 41·07)

0·92
(0·75 to 1·22)

35·94
(30·57 to 42·07)

0·00
(–0·03 to 0·03)

0·01
(–0·00 to 0·02)

–0·03
(–0·04 to –0·02)

Caribbean 17·29
(12·72 to 23·36)

307·45
(272·69 to 342·05)

11·28
(9·73 to 12·89)

46·11
(42·49 to 49·62)

–0·02
(–0·04 to 0·01)

–0·01
(–0·02 to 0·00)

–0·07
(–0·08 to –0·06)

Antigua and 
Barbuda

0·02
(0·01 to 0·04)

0·34
(0·14 to 0·71)

0·01
(0·01 to 0·01)

39·68
(29·72 to 49·29)

0·01
(–0·07 to 0·14)

0·00
(–0·02 to 0·05)

–0·03
(–0·04 to –0·03)

The Bahamas 0·11
(0·07 to 0·18)

3·33
(1·75 to 5·39)

0·11
(0·07 to 0·17)

51·08
(42·61 to 61·04)

–0·07
(–0·10 to –0·03)

–0·01
(–0·02 to 0·01)

–0·05
(–0·07 to –0·03)

Barbados 0·06
(0·03 to 0·10)

1·07
(0·50 to 1·86)

0·03
(0·02 to 0·03)

46·43
(38·95 to 55·50)

0·02
(–0·02 to 0·05)

0·00
(–0·01 to 0·01)

–0·04
(–0·05 to –0·03)

Belize 0·19
(0·12 to 0·28)

3·03
(1·58 to 5·21)

0·10
(0·06 to 0·17)

58·12
(53·15 to 63·65)

0·02
(–0·02 to 0·05)

0·00
(–0·01 to 0·01)

0·00
(–0·04 to 0·04)

Bermuda 0·02
(0·01 to 0·04)

0·36
(0·15 to 0·77)

0·01
(0·01 to 0·01)

40·56
(30·34 to 50·33)

0·01
(–0·08 to 0·14)

–0·00
(–0·02 to 0·04)

–0·03
(–0·04 to –0·02)

Cuba 1·14
(0·70 to 1·78)

18·71
(9·53 to 30·35)

0·32
(0·31 to 0·34)

62·31
(56·48 to 68·60)

–0·00
(–0·03 to 0·02)

0·09
(0·06 to 0·11)

0·07
(0·06 to 0·08)

Dominica 0·01
(0·00 to 0·03)

0·20
(0·08 to 0·41)

0·01
(0·00 to 0·01)

37·59
(28·28 to 46·01)

0·01
(–0·08 to 0·16)

0·01
(–0·01 to 0·06)

–0·01
(–0·04 to 0·04)

Dominican Republic 2·82
(2·03 to 3·84)

55·93
(48·99 to 62·58)

1·99
(1·34 to 2·55)

39·80
(35·00 to 45·75)

0·01
(–0·05 to 0·12)

–0·04
(–0·05 to –0·03)

–0·11
(–0·15 to –0·08)

Grenada 0·02
(0·01 to 0·05)

0·33
(0·14 to 0·70)

0·01
(0·01 to 0·02)

33·58
(25·44 to 41·30)

0·00
(–0·08 to 0·13)

0·01
(–0·01 to 0·06)

–0·01
(–0·04 to 0·04)

Guyana 1·14
(0·65 to 1·78)

18·89
(8·80 to 32·29)

0·47
(0·30 to 0·71)

62·25
(54·32 to 69·67)

–0·01
(–0·03 to 0·01)

0·02
(0·00 to 0·05)

0·02
(–0·01 to 0·05)

Haiti 9·49
(5·37 to 15·10)

157·01
(132·94 to 183·68)

6·72
(5·38 to 8·10)

44·09
(38·75 to 49·87)

–0·04
(–0·08 to 0·01)

–0·02
(–0·03 to –0·00)

–0·09
(–0·10 to –0·07)

Jamaica 0·66
(0·41 to 0·97)

11·08
(5·47 to 17·67)

0·42
(0·30 to 0·63)

39·55
(34·00 to 46·05)

–0·00
(–0·03 to 0·02)

–0·00
(–0·02 to 0·01)

–0·04
(–0·06 to –0·01)

Puerto Rico 0·44
(0·17 to 1·10)

12·01
(4·45 to 28·56)

0·28
(0·26 to 0·30)

50·14
(35·87 to 63·33)

–0·01
(–0·10 to 0·14)

–0·03
(–0·05 to 0·01)

–0·07
(–0·08 to –0·06)

Saint Lucia 0·02
(0·01 to 0·05)

0·39
(0·16 to 0·82)

0·01
(0·01 to 0·01)

37·89
(28·04 to 46·64)

0·01
(–0·08 to 0·15)

0·01
(–0·01 to 0·05)

–0·04
(–0·05 to –0·03)

Saint Vincent and 
the Grenadines

0·05
(0·02 to 0·11)

0·82
(0·34 to 1·70)

0·02
(0·02 to 0·02)

36·75
(27·32 to 45·46)

0·01
(–0·08 to 0·15)

0·01
(–0·01 to 0·06)

–0·03
(–0·04 to –0·02)

Suriname 0·19
(0·11 to 0·32)

3·81
(1·79 to 6·76)

0·14
(0·10 to 0·21)

44·05
(35·93 to 50·95)

–0·01
(–0·04 to 0·02)

–0·01
(–0·02 to 0·00)

0·00
(–0·03 to 0·03)

Trinidad and 
Tobago

0·31
(0·19 to 0·50)

8·20
(3·80 to 15·61)

0·22
(0·20 to 0·23)

41·38
(33·87 to 48·39)

–0·05
(–0·07 to –0·03)

–0·01
(–0·02 to –0·00)

–0·05
(–0·05 to –0·04)

US Virgin Islands 0·01
(0·01 to 0·03)

0·27
(0·11 to 0·55)

0·01
(0·01 to 0·02)

43·23
(31·95 to 53·07)

0·01
(–0·08 to 0·16)

0·01
(–0·01 to 0·06)

–0·01
(–0·05 to 0·04)
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Tropical Latin America 34·97
(31·13 to 38·94)

571·24
(468·17 to 701·82)

21·41
(18·29 to 25·43)

48·93
(47·39 to 50·56)

–0·01
(–0·01 to –0·00)

0·01
(0·00 to 0·01)

0·02
(0·01 to 0·03)

Brazil 33·76
(30·24 to 37·52)

558·84
(454·38 to 687·40)

21·05
(17·92 to 25·13)

49·37
(47·89 to 50·94)

–0·01
(–0·01 to –0·00)

0·01
(0·00 to 0·01)

0·02
(0·01 to 0·02)

Paraguay 1·21
(0·48 to 2·42)

12·40
(5·81 to 22·65)

0·36
(0·26 to 0·46)

29·48
(24·14 to 36·67)

0·02
(–0·04 to 0·06)

0·06
(0·03 to 0·08)

0·05
(0·01 to 0·07)

Southeast Asia, east 
Asia, and Oceania

174·31
(121·70 to 266·48)

2335·91
(1716·35 to 3511·41)

101·62
(77·06 to 158·16)

25·88
(20·76 to 32·27)

0·00
(–0·03 to 0·03)

0·04
(0·01 to 0·06)

0·04
(–0·01 to 0·07)

East Asia 56·50
(41·02 to 77·70)

796·14
(591·71 to 1043·33)

42·74
(38·28 to 47·27)

17·90
(15·89 to 20·29)

–0·01
(–0·04 to 0·00)

0·04
(0·03 to 0·05)

0·08
(0·07 to 0·09)

China 55·20
(39·82 to 75·98)

779·48
(573·77 to 1024·76)

41·82
(37·43 to 46·26)

17·90
(15·84 to 20·33)

–0·01
(–0·04 to 0·00)

0·04
(0·03 to 0·05)

0·08
(0·07 to 0·09)

North Korea 0·91
(0·10 to 3·08)

11·16
(2·27 to 39·91)

0·62
(0·12 to 2·43)

17·20
(6·82 to 33·39)

0·01
(–0·14 to 0·11)

0·05
(–0·02 to 0·13)

0·08
(–0·01 to 0·17)

Taiwan 0·39
(0·12 to 0·84)

5·51
(2·23 to 11·10)

0·29
(0·21 to 0·38)

17·08
(11·69 to 23·37)

–0·02
(–0·11 to 0·03)

0·04
(0·01 to 0·07)

0·09
(0·06 to 0·11)

Southeast Asia 116·19
(66·38 to 204·40)

1510·91
(925·80 to 2625·43)

57·90
(34·09 to 115·40)

29·77
(21·90 to 38·69)

0·00
(–0·04 to 0·05)

0·03
(–0·01 to 0·06)

0·01
(–0·05 to 0·06)

Cambodia 7·83
(3·55 to 14·42)

82·97
(32·84 to 153·51)

2·60
(1·80 to 3·64)

29·52
(22·70 to 36·25)

0·04
(0·00 to 0·07)

0·01
(–0·00 to 0·03)

0·01
(–0·02 to 0·03)

Indonesia 43·39
(8·51 to 123·93)

440·51
(90·19 to 1391·78)

18·56
(3·60 to 68·98)

11·67
(8·08 to 15·97)

0·02
(–0·04 to 0·09)

0·10
(0·06 to 0·16)

0·17
(0·11 to 0·23)

Laos 0·51
(0·12 to 1·58)

6·93
(1·68 to 23·47)

0·18
(0·04 to 0·69)

32·94
(23·92 to 42·06)

–0·04
(–0·09 to 0·05)

0·06
(0·02 to 0·11)

0·08
(0·02 to 0·15)

Malaysia 2·04
(1·56 to 2·81)

39·53
(22·31 to 70·73)

2·29
(1·83 to 3·35)

29·22
(22·89 to 36·80)

–0·07
(–0·08 to –0·05)

–0·03
(–0·04 to –0·02)

–0·01
(–0·03 to 0·01)

Maldives 0·00
(0·00 to 0·00)

0·02
(0·01 to 0·03)

0·00
(0·00 to 0·00)

10·72
(7·60 to 15·10)

–0·01
(–0·03 to 0·01)

–0·02
(–0·04 to 0·00)

–0·03
(–0·05 to –0·02)

Mauritius 0·12
(0·08 to 0·19)

1·57
(0·94 to 2·56)

0·08
(0·07 to 0·09)

19·51
(15·45 to 23·79)

–0·00
(–0·03 to 0·02)

0·04
(0·03 to 0·06)

0·12
(0·11 to 0·14)

Myanmar 6·75
(1·35 to 18·92)

177·74
(39·79 to 645·94)

8·62
(1·68 to 36·64)

40·35
(30·88 to 51·89)

–0·07
(–0·13 to 0·00)

–0·01
(–0·07 to 0·05)

–0·04
(–0·12 to 0·02)

Philippines 33·31
(12·50 to 82·46)

273·65
(127·88 to 476·60)

3·55
(3·31 to 3·82)

32·57
(24·42 to 42·40)

0·09
(0·03 to 0·19)

0·09
(0·07 to 0·12)

–0·05
(–0·06 to –0·04)

Sri Lanka 0·21
(0·10 to 0·38)

2·21
(1·00 to 3·95)

0·05
(0·05 to 0·06)

25·91
(23·17 to 28·86)

0·07
(0·03 to 0·11)

0·03
(0·01 to 0·05)

–0·02
(–0·03 to –0·01)

Seychelles 0·01
(0·00 to 0·03)

0·14
(0·04 to 0·30)

0·01
(0·00 to 0·01)

29·89
(16·29 to 44·37)

–0·02
(–0·40 to 0·15)

0·02
(–0·04 to 0·10)

0·01
(–0·03 to 0·05)

Thailand 10·06
(2·85 to 21·66)

288·25
(139·33 to 514·46)

14·74
(10·34 to 21·49)

40·71
(34·54 to 51·96)

–0·07
(–0·20 to 0·01)

–0·01
(–0·03 to 0·00)

–0·01
(–0·03 to 0·01)

Timor-Leste 0·10
(0·00 to 0·44)

1·46
(0·03 to 6·86)

0·07
(0·00 to 0·37)

25·29
(9·12 to 49·66)

0·01
(–0·40 to 0·27)

0·05
(–0·07 to 0·20)

0·03
(–0·08 to 0·17)

Vietnam 11·73
(2·48 to 33·85)

193·97
(38·99 to 718·95)

7·05
(1·39 to 29·18)

33·48
(23·62 to 44·85)

–0·03
(–0·09 to 0·05)

0·03
(–0·01 to 0·08)

0·02
(–0·03 to 0·08)

Oceania 1·62
(1·13 to 2·28)

28·85
(24·68 to 33·04)

0·99
(0·78 to 1·27)

52·65
(46·71 to 59·02)

–0·05
(–0·08 to –0·01)

0·02
(–0·00 to 0·04)

–0·04
(–0·06 to –0·02)

American Samoa 0·00
(0·00 to 0·00)

0·02
(0·01 to 0·04)

0·00
(0·00 to 0·00)

28·49
(22·61 to 36·97)

0·04
(–0·06 to 0·09)

0·05
(0·01 to 0·08)

0·00
(–0·02 to 0·03)

Federated States of 
Micronesia

0·01
(0·00 to 0·03)

0·11
(0·02 to 0·42)

0·00
(0·00 to 0·02)

24·74
(14·47 to 45·45)

0·07
(–0·10 to 0·20)

0·07
(–0·03 to 0·18)

0·02
(–0·08 to 0·13)

Fiji 0·07
(0·04 to 0·13)

0·68
(0·32 to 1·24)

0·02
(0·02 to 0·03)

24·73
(21·67 to 28·32)

0·05
(0·03 to 0·07)

0·05
(0·04 to 0·06)

0·04
(0·02 to 0·06)

Guam 0·01
(0·00 to 0·03)

0·14
(0·06 to 0·28)

0·00
(0·00 to 0·01)

30·04
(22·88 to 40·09)

0·04
(–0·05 to 0·09)

0·05
(0·01 to 0·08)

–0·00
(–0·03 to 0·03)

Kiribati 0·00
(0·00 to 0·00)

0·02
(0·01 to 0·04)

0·00
(0·00 to 0·00)

29·00
(21·80 to 38·81)

0·03
(–0·06 to 0·08)

0·03
(–0·01 to 0·06)

–0·02
(–0·04 to 0·01)
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Marshall Islands 0·01
(0·00 to 0·02)

0·09
(0·01 to 0·39)

0·00
(0·00 to 0·02)

25·91
(15·20 to 47·44)

0·07
(–0·10 to 0·19)

0·07
(–0·05 to 0·19)

0·02
(–0·08 to 0·14)

Northern Mariana 
Islands

0·01
(0·00 to 0·01)

0·05
(0·02 to 0·10)

0·00
(0·00 to 0·00)

24·00
(19·14 to 32·23)

0·04
(–0·06 to 0·08)

0·05
(0·01 to 0·08)

0·02
(–0·01 to 0·04)

Papua New Guinea 1·31
(0·86 to 1·94)

24·57
(21·27 to 27·37)

0·84
(0·66 to 1·04)

54·46
(48·01 to 61·46)

–0·06
(–0·10 to –0·02)

0·02
(–0·01 to 0·03)

–0·05
(–0·07 to –0·02)

Samoa 0·02
(0·00 to 0·05)

0·21
(0·03 to 0·92)

0·01
(0·00 to 0·04)

27·11
(16·02 to 47·08)

0·07
(–0·10 to 0·20)

0·07
(–0·04 to 0·18)

0·02
(–0·07 to 0·13)

Solomon Islands 0·05
(0·01 to 0·16)

0·64
(0·08 to 2·87)

0·02
(0·00 to 0·15)

25·34
(15·33 to 44·47)

0·08
(–0·10 to 0·20)

0·07
(–0·04 to 0·18)

0·02
(–0·08 to 0·13)

Tonga 0·01
(0·00 to 0·02)

0·06
(0·02 to 0·11)

0·00
(0·00 to 0·00)

22·65
(18·24 to 30·85)

0·08
(–0·02 to 0·14)

0·10
(0·05 to 0·14)

0·06
(0·02 to 0·09)

Vanuatu 0·02
(0·00 to 0·08)

0·31
(0·04 to 1·28)

0·01
(0·00 to 0·07)

25·63
(15·26 to 45·39)

0·07
(–0·09 to 0·20)

0·07
(–0·05 to 0·19)

0·02
(–0·08 to 0·14)

North Africa and 
Middle East

12·39
(8·53 to 17·51)

137·94
(113·08 to 172·80)

7·54
(6·25 to 9·30)

19·07
(15·88 to 22·65)

–0·02
(–0·05 to 0·01)

0·02
(–0·01 to 0·03)

0·01
(–0·01 to 0·03)

Afghanistan 0·70
(0·14 to 2·04)

4·50
(0·92 to 13·98)

0·21
(0·04 to 0·73)

4·17
(3·08 to 5·86)

0·09
(0·01 to 0·17)

0·06
(–0·05 to 0·14)

0·02
(–0·11 to 0·12)

Algeria 0·31
(0·01 to 0·95)

6·47
(2·15 to 11·52)

0·23
(0·12 to 0·38)

61·55
(54·76 to 68·03)

–0·13
(–0·48 to 0·04)

0·04
(–0·02 to 0·06)

0·01
(–0·04 to 0·05)

Bahrain 0·06
(0·01 to 0·12)

0·53
(0·23 to 1·02)

0·02
(0·01 to 0·03)

17·69
(13·63 to 23·05)

0·04
(–0·08 to 0·11)

0·03
(–0·01 to 0·07)

–0·01
(–0·04 to 0·02)

Egypt 0·95
(0·48 to 1·65)

6·80
(3·37 to 11·62)

0·21
(0·17 to 0·26)

17·68
(15·09 to 20·70)

0·09
(0·06 to 0·13)

0·09
(0·07 to 0·11)

0·03
(0·02 to 0·05)

Iran 1·13
(0·62 to 2·06)

11·49
(5·78 to 21·26)

0·55
(0·43 to 0·76)

15·31
(13·65 to 17·17)

0·03
(–0·02 to 0·07)

0·03
(0·01 to 0·05)

0·04
(0·01 to 0·08)

Iraq 0·51
(0·13 to 1·05)

3·63
(1·66 to 6·87)

0·11
(0·08 to 0·15)

16·20
(12·70 to 21·54)

0·07
(–0·07 to 0·14)

0·09
(0·04 to 0·13)

0·06
(0·03 to 0·10)

Jordan 0·03
(0·01 to 0·06)

0·28
(0·12 to 0·56)

0·01
(0·01 to 0·02)

20·24
(15·73 to 26·00)

0·02
(–0·12 to 0·09)

0·02
(–0·01 to 0·06)

–0·00
(–0·03 to 0·03)

Kuwait 0·01
(0·00 to 0·03)

0·14
(0·06 to 0·28)

0·01
(0·01 to 0·01)

19·37
(15·23 to 25·32)

0·03
(–0·11 to 0·09)

0·01
(–0·03 to 0·04)

–0·10
(–0·11 to –0·08)

Lebanon 0·13
(0·02 to 0·38)

1·94
(0·41 to 7·96)

0·09
(0·02 to 0·45)

35·17
(22·65 to 62·67)

0·02
(–0·04 to 0·09)

0·01
(–0·06 to 0·08)

0·01
(–0·07 to 0·06)

Libya 0·23
(0·01 to 0·94)

2·43
(0·15 to 10·48)

0·11
(0·00 to 0·55)

19·73
(13·40 to 28·26)

0·04
(–0·14 to 0·16)

0·05
(–0·06 to 0·16)

0·02
(–0·09 to 0·13)

Morocco 0·67
(0·39 to 1·06)

8·62
(4·20 to 15·19)

0·36
(0·27 to 0·47)

24·58
(22·74 to 26·56)

–0·01
(–0·03 to 0·02)

0·04
(0·02 to 0·05)

0·08
(0·04 to 0·11)

Oman 0·14
(0·09 to 0·19)

1·83
(0·97 to 2·95)

0·07
(0·05 to 0·09)

33·16
(27·89 to 39·27)

–0·02
(–0·05 to 0·01)

0·01
(–0·01 to 0·02)

0·04
(–0·01 to 0·07)

Palestine 0·06
(0·02 to 0·12)

0·45
(0·21 to 0·90)

0·02
(0·01 to 0·02)

17·23
(13·38 to 22·07)

0·03
(–0·08 to 0·10)

0·06
(0·02 to 0·10)

0·04
(0·01 to 0·08)

Qatar 0·01
(0·00 to 0·03)

0·14
(0·06 to 0·27)

0·01
(0·00 to 0·01)

17·24
(13·30 to 22·43)

0·02
(–0·11 to 0·08)

–0·03
(–0·06 to 0·00)

–0·07
(–0·09 to –0·03)

Saudi Arabia 1·06
(0·50 to 2·04)

11·58
(5·82 to 25·18)

0·49
(0·25 to 1·34)

23·37
(19·48 to 28·20)

0·02
(–0·05 to 0·08)

0·03
(–0·03 to 0·07)

0·01
(–0·06 to 0·05)

Sudan 4·31
(1·25 to 8·66)

55·38
(41·64 to 70·69)

4·32
(3·20 to 5·31)

10·02
(7·44 to 13·08)

–0·09
(–0·20 to –0·02)

–0·01
(–0·05 to 0·02)

0·01
(–0·02 to 0·04)

Syria 0·04
(0·01 to 0·07)

0·66
(0·15 to 1·51)

0·03
(0·01 to 0·05)

18·22
(15·12 to 22·01)

0·10
(–0·02 to 0·14)

0·11
(0·01 to 0·17)

0·06
(–0·02 to 0·11)

Tunisia 0·28
(0·13 to 0·53)

2·62
(1·16 to 4·69)

0·09
(0·07 to 0·12)

23·64
(20·75 to 27·28)

0·05
(0·00 to 0·09)

0·07
(0·05 to 0·09)

0·10
(0·07 to 0·13)

Turkey 0·72
(0·28 to 1·28)

8·07
(3·64 to 13·75)

0·19
(0·14 to 0·24)

32·60
(26·92 to 39·90)

0·01
(–0·06 to 0·05)

0·08
(0·04 to 0·10)

0·02
(–0·01 to 0·05)

United Arab 
Emirates

0·54
(0·03 to 2·02)

5·69
(0·34 to 25·28)

0·27
(0·01 to 1·35)

16·98
(12·17 to 23·71)

0·04
(–0·15 to 0·16)

0·05
(–0·06 to 0·16)

0·02
(–0·09 to 0·13)

Yemen 0·51
(0·10 to 1·46)

4·52
(1·02 to 14·33)

0·16
(0·03 to 0·60)

35·75
(28·14 to 45·07)

0·04
(–0·04 to 0·12)

0·04
(–0·05 to 0·12)

–0·02
(–0·15 to 0·09)
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South Asia 206·83
(171·79 to 249·70)

2966·01
(2767·85 to 3183·75)

135·26
(127·05 to 144·88)

25·55
(23·78 to 27·11)

–0·01
(–0·02 to 0·01)

–0·02
(–0·03 to –0·01)

–0·06
(–0·07 to –0·05)

Bangladesh 0·51
(0·11 to 1·54)

6·69
(1·44 to 22·77)

0·27
(0·05 to 1·11)

15·57
(12·24 to 19·89)

–0·02
(–0·07 to 0·06)

0·09
(0·04 to 0·14)

0·13
(0·07 to 0·19)

Bhutan 0·06
(0·01 to 0·18)

0·64
(0·14 to 2·16)

0·02
(0·00 to 0·06)

28·44
(18·86 to 44·60)

0·02
(–0·05 to 0·09)

0·04
(–0·04 to 0·12)

–0·04
(–0·17 to 0·07)

India 196·60
(164·77 to 237·89)

2881·13
(2702·40 to 3078·82)

131·56
(124·14 to 138·94)

25·82
(24·18 to 27·36)

–0·01
(–0·03 to 0·01)

–0·02
(–0·03 to –0·02)

–0·06
(–0·07 to –0·05)

Nepal 1·11
(0·23 to 3·34)

31·55
(6·90 to 118·68)

1·92
(0·37 to 8·04)

31·21
(24·54 to 39·54)

–0·13
(–0·19 to –0·06)

–0·01
(–0·05 to 0·03)

0·03
(–0·03 to 0·09)

Pakistan 8·55
(1·66 to 25·89)

45·99
(9·66 to 139·53)

1·48
(0·25 to 5·20)

5·87
(4·00 to 8·40)

0·15
(0·07 to 0·24)

0·15
(0·06 to 0·24)

0·14
(0·01 to 0·24)

Sub-Saharan Africa 1847·99
(1656·94 to 2051·52)

29 439·54
(28 678·60 to 30 195·25)

859·00
(804·61 to 912·93)

42·35
(41·05 to 43·58)

–0·03
(–0·05 to –0·02)

–0·00
(–0·00 to 0·00)

–0·08
(–0·09 to –0·08)

Southern 
sub–Saharan Africa

710·08
(604·65 to 836·17)

11 408·43
(10 926·35 to 11 882·56)

228·94
(211·90 to 250·82)

51·04
(48·91 to 53·20)

–0·03
(–0·04 to –0·01)

0·01
(0·01 to 0·01)

–0·09
(–0·09 to –0·08)

Botswana 23·51
(14·49 to 33·86)

431·89
(394·30 to 473·07)

8·07
(5·00 to 10·58)

61·72
(54·17 to 69·76)

–0·01
(–0·06 to 0·04)

0·01
(0·00 to 0·01)

–0·08
(–0·11 to –0·04)

Lesotho 24·75
(17·77 to 34·10)

354·36
(323·40 to 389·73)

12·57
(9·82 to 16·14)

36·43
(32·75 to 40·32)

–0·02
(–0·05 to 0·01)

0·02
(0·01 to 0·02)

–0·04
(–0·05 to –0·02)

Namibia 14·05
(10·04 to 18·47)

253·41
(238·00 to 268·89)

5·09
(3·73 to 6·50)

51·55
(46·41 to 57·20)

–0·03
(–0·06 to 0·00)

0·01
(0·01 to 0·01)

–0·09
(–0·11 to –0·07)

South Africa 529·67
(440·94 to 630·39)

8409·55
(7978·87 to 8850·42)

155·19
(140·96 to 172·68)

50·95
(48·45 to 53·56)

–0·03
(–0·05 to –0·01)

0·02
(0·02 to 0·02)

–0·08
(–0·08 to –0·06)

Swaziland 13·91
(9·02 to 18·32)

263·04
(244·42 to 280·64)

5·89
(4·58 to 7·59)

52·50
(46·87 to 58·25)

–0·06
(–0·10 to –0·03)

0·02
(0·01 to 0·02)

–0·07
(–0·09 to –0·05)

Zimbabwe 104·20
(53·05 to 173·34)

1696·17
(1543·57 to 1878·76)

42·12
(34·03 to 52·38)

51·64
(45·42 to 58·51)

–0·01
(–0·08 to 0·06)

–0·01
(–0·02 to –0·01)

–0·13
(–0·15 to –0·10)

Western 
sub-Saharan Africa

444·71
(334·29 to 571·29)

6417·10
(6036·15 to 6873·38)

249·30
(212·45 to 288·59)

29·09
(26·33 to 31·90)

–0·03
(–0·06 to –0·00)

–0·00
(–0·01 to 0·01)

–0·05
(–0·07 to –0·04)

Benin 5·40
(3·57 to 8·07)

83·05
(72·48 to 94·41)

2·36
(1·71 to 3·17)

43·94
(39·15 to 49·42)

–0·02
(–0·07 to 0·03)

–0·00
(–0·01 to 0·01)

–0·10
(–0·13 to –0·08)

Burkina Faso 6·02
(3·20 to 9·53)

101·91
(85·21 to 121·99)

3·19
(2·44 to 3·93)

51·64
(45·07 to 59·57)

–0·01
(–0·08 to 0·05)

–0·03
(–0·05 to –0·02)

–0·16
(–0·18 to –0·14)

Cameroon 48·59
(28·44 to 73·57)

659·83
(570·86 to 754·45)

33·19
(23·70 to 42·93)

21·55
(18·54 to 25·09)

–0·03
(–0·08 to 0·01)

–0·00
(–0·02 to 0·01)

–0·02
(–0·04 to –0·01)

Cape Verde 0·32
(0·14 to 0·84)

3·83
(2·92 to 5·18)

0·10
(0·07 to 0·14)

32·10
(22·93 to 41·72)

–0·01
(–0·07 to 0·13)

0·03
(0·00 to 0·07)

–0·04
(–0·07 to –0·01)

Chad 9·24
(3·70 to 17·19)

166·86
(127·28 to 214·51)

8·92
(5·99 to 11·87)

33·57
(25·61 to 43·33)

–0·09
(–0·19 to –0·02)

–0·02
(–0·04 to –0·00)

–0·06
(–0·08 to –0·03)

Côte d’Ivoire 41·71
(24·65 to 64·08)

547·27
(464·67 to 633·88)

22·38
(17·99 to 28·08)

29·06
(23·81 to 34·68)

–0·02
(–0·06 to 0·03)

–0·01
(–0·03 to 0·00)

–0·07
(–0·09 to –0·06)

The Gambia 0·91
(0·35 to 1·68)

17·82
(14·35 to 22·44)

0·66
(0·43 to 0·95)

22·24
(17·69 to 27·59)

–0·10
(–0·21 to –0·03)

0·01
(–0·01 to 0·03)

–0·01
(–0·03 to 0·01)

Ghana 17·30
(9·85 to 26·44)

282·24
(238·35 to 330·83)

11·25
(8·22 to 14·98)

37·00
(30·63 to 44·34)

–0·04
(–0·09 to 0·01)

–0·03
(–0·04 to –0·02)

–0·09
(–0·12 to –0·07)

Guinea 8·68
(3·79 to 14·06)

133·76
(109·08 to 158·21)

5·15
(4·06 to 6·69)

25·87
(21·95 to 30·18)

–0·05
(–0·12 to 0·00)

0·01
(–0·02 to 0·03)

–0·03
(–0·05 to –0·02)

Guinea-Bissau 1·91
(0·69 to 3·61)

41·33
(34·66 to 48·64)

1·76
(0·98 to 2·56)

25·34
(22·37 to 28·67)

–0·11
(–0·21 to –0·03)

0·02
(0·01 to 0·04)

0·02
(–0·02 to 0·07)

Liberia 2·65
(1·23 to 4·58)

36·97
(31·57 to 44·16)

2·17
(1·74 to 2·64)

22·36
(18·09 to 26·50)

–0·02
(–0·10 to 0·07)

–0·04
(–0·06 to –0·02)

–0·07
(–0·09 to –0·05)

Mali 11·43
(5·99 to 17·86)

148·12
(111·67 to 187·99)

6·74
(4·96 to 9·08)

23·07
(19·78 to 26·82)

–0·03
(–0·09 to 0·00)

–0·00
(–0·02 to 0·02)

–0·03
(–0·06 to –0·01)

Mauritania 0·12
(0·01 to 0·42)

7·01
(1·37 to 29·75)

0·36
(0·06 to 1·70)

40·28
(26·39 to 55·32)

–0·19
(–0·33 to –0·07)

–0·04
(–0·07 to 0·00)

–0·05
(–0·10 to –0·00)
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Niger 2·47
(0·79 to 4·96)

64·26
(53·92 to 76·75)

3·46
(2·94 to 4·06)

34·12
(28·38 to 40·03)

–0·11
(–0·23 to –0·03)

–0·06
(–0·08 to –0·04)

–0·09
(–0·11 to –0·07)

Nigeria 274·19
(168·30 to 396·73)

3874·25
(3517·41 to 4307·34)

136·42
(100·74 to 174·02)

28·98
(24·68 to 33·55)

–0·02
(–0·07 to 0·01)

0·01
(–0·00 to 0·02)

–0·04
(–0·07 to –0·01)

São Tomé and 
Príncipe

0·00
(0·00 to 0·00)

0·03
(0·02 to 0·04)

0·00
(0·00 to 0·00)

54·78
(48·49 to 61·57)

–0·01
(–0·07 to 0·04)

0·03
(0·01 to 0·05)

–0·06
(–0·09 to –0·02)

Senegal 4·43
(1·36 to 7·44)

66·44
(52·59 to 81·28)

2·36
(1·70 to 3·01)

47·05
(40·37 to 55·06)

–0·05
(–0·16 to –0·00)

–0·00
(–0·02 to 0·01)

–0·05
(–0·09 to –0·02)

Sierra Leone 4·13
(1·23 to 7·09)

61·20
(50·35 to 72·68)

2·79
(2·11 to 3·76)

18·47
(14·21 to 23·83)

–0·06
(–0·18 to 0·00)

0·01
(–0·02 to 0·03)

–0·00
(–0·02 to 0·02)

Togo 5·20
(2·59 to 9·20)

120·86
(105·83 to 138·66)

6·05
(4·77 to 7·59)

29·99
(25·43 to 34·83)

–0·09
(–0·17 to –0·02)

–0·04
(–0·05 to –0·02)

–0·06
(–0·07 to –0·05)

Eastern 
sub-Saharan Africa

618·52
(527·49 to 714·55)

10 437·57
(10 025·86 to 10 889·54)

318·68
(293·79 to 347·87)

42·82
(40·73 to 44·74)

–0·04
(–0·05 to –0·02)

–0·01
(–0·01 to –0·00)

–0·10
(–0·11 to –0·09)

Burundi 6·65
(3·45 to 11·37)

111·53
(94·00 to 130·90)

3·68
(2·79 to 4·79)

37·92
(31·85 to 44·95)

–0·02
(–0·09 to 0·06)

–0·03
(–0·04 to –0·01)

–0·12
(–0·14 to –0·10)

Comoros 0·06
(0·01 to 0·19)

0·41
(0·09 to 1·31)

0·02
(0·00 to 0·08)

12·81
(7·27 to 20·97)

0·02
(–0·09 to 0·13)

0·01
(–0·06 to 0·08)

0·03
(–0·05 to 0·11)

Djibouti 0·51
(0·18 to 0·99)

7·37
(5·10 to 10·70)

0·38
(0·25 to 0·52)

24·81
(20·41 to 29·94)

–0·02
(–0·10 to 0·05)

–0·02
(–0·05 to –0·00)

–0·06
(–0·10 to –0·02)

Eritrea 1·49
(0·68 to 2·51)

21·22
(16·16 to 28·23)

0·80
(0·52 to 1·21)

36·89
(26·24 to 49·02)

–0·00
(–0·08 to 0·07)

–0·02
(–0·04 to 0·00)

–0·09
(–0·13 to –0·05)

Ethiopia 39·14
(19·59 to 62·13)

768·04
(651·03 to 904·91)

28·65
(22·04 to 34·85)

51·92
(45·82 to 59·09)

0·01
(–0·10 to 0·11)

–0·05
(–0·06 to –0·04)

–0·16
(–0·19 to –0·13)

Kenya 137·20
(112·46 to 166·10)

1883·96
(1787·64 to 1987·73)

51·70
(48·19 to 55·64)

38·60
(36·42 to 40·72)

0·06
(0·04 to 0·08)

–0·01
(–0·02 to –0·01)

–0·13
(–0·13 to –0·12)

Madagascar 2·00
(0·33 to 6·34)

42·51
(8·58 to 169·61)

4·42
(0·76 to 19·79)

1·35
(0·76 to 2·72)

–0·13
(–0·22 to –0·03)

–0·05
(–0·14 to 0·01)

–0·03
(–0·11 to 0·04)

Malawi 55·62
(25·29 to 80·90)

1126·77
(988·92 to 1234·61)

28·41
(22·67 to 35·54)

49·58
(42·68 to 58·00)

–0·07
(–0·15 to –0·02)

–0·01
(–0·03 to –0·00)

–0·13
(–0·14 to –0·10)

Mozambique 122·32
(74·39 to 176·33)

1833·02
(1593·99 to 2073·78)

70·06
(58·14 to 83·59)

30·66
(26·49 to 35·28)

–0·06
(–0·10 to –0·02)

0·01
(0·00 to 0·02)

–0·02
(–0·04 to –0·00)

Rwanda 8·02
(4·46 to 12·17)

202·70
(180·73 to 224·59)

4·52
(3·29 to 5·88)

58·05
(51·98 to 64·37)

–0·08
(–0·14 to –0·03)

–0·01
(–0·02 to –0·00)

–0·15
(–0·18 to –0·13)

Somalia 1·69
(0·73 to 3·13)

24·24
(16·88 to 33·77)

1·58
(1·17 to 2·09)

8·65
(5·53 to 13·34)

–0·08
(–0·18 to –0·01)

–0·02
(–0·06 to 0·01)

–0·01
(–0·04 to 0·02)

South Sudan 9·76
(3·69 to 16·82)

122·52
(79·09 to 174·43)

8·93
(4·58 to 12·48)

8·59
(5·58 to 13·19)

–0·05
(–0·14 to 0·01)

–0·01
(–0·05 to 0·03)

–0·01
(–0·05 to 0·05)

Tanzania 86·66
(51·18 to 135·07)

1494·12
(1315·85 to 1672·30)

47·86
(34·24 to 61·09)

47·58
(41·18 to 54·48)

–0·04
(–0·08 to 0·00)

–0·01
(–0·03 to –0·00)

–0·11
(–0·14 to –0·09)

Uganda 77·87
(33·96 to 126·32)

1491·60
(1310·27 to 1708·04)

36·32
(27·59 to 51·43)

43·44
(38·37 to 48·94)

–0·07
(–0·15 to –0·01)

0·02
(0·00 to 0·03)

–0·09
(–0·11 to –0·06)

Zambia 69·14
(50·55 to 88·86)

1300·28
(1215·65 to 1382·85)

31·12
(26·20 to 36·90)

52·70
(47·08 to 58·71)

–0·06
(–0·10 to –0·03)

0·01
(0·00 to 0·01)

–0·11
(–0·13 to –0·10)

Central 
sub-Saharan Africa

74·67
(46·65 to 121·85)

1176·44
(1054·44 to 1312·53)

62·08
(54·72 to 70·25)

26·41
(23·29 to 29·65)

–0·07
(–0·12 to –0·02)

–0·03
(–0·04 to –0·02)

–0·06
(–0·07 to –0·05)

Angola 22·35
(11·92 to 36·24)

285·93
(229·98 to 350·10)

11·10
(6·36 to 16·37)

28·29
(23·41 to 33·79)

–0·03
(–0·10 to 0·02)

0·03
(0·01 to 0·05)

–0·01
(–0·05 to 0·02)

Central African 
Republic

9·87
(4·92 to 17·25)

137·53
(115·36 to 162·34)

8·20
(6·84 to 9·68)

22·21
(18·48 to 26·35)

–0·02
(–0·08 to 0·03)

–0·04
(–0·05 to –0·02)

–0·06
(–0·08 to –0·04)

Congo 7·08
(3·54 to 10·54)

97·57
(73·72 to 119·26)

4·83
(3·57 to 6·10)

21·03
(18·08 to 26·01)

–0·03
(–0·07 to 0·01)

–0·01
(–0·03 to 0·01)

–0·06
(–0·08 to –0·04)

Democratic 
Republic of the 
Congo

32·55
(9·52 to 78·70)

588·53
(492·83 to 709·81)

35·90
(30·47 to 42·09)

24·84
(19·80 to 30·10)

–0·12
(–0·26 to –0·01)

–0·06
(–0·07 to –0·04)

–0·07
(–0·09 to –0·05)

(Table continues on next page)
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people living with HIV increased rapidly, from 
2·4 million (95% UI 2·1–2·8 million) in 1985, to 
28·0 million (27·1–29·3 million) in 2000 (fi gure 1B). 
From 2000 to 2015, the number of people living with HIV 
increased by 0·8% (95% UI 0·6–1·0) per year, reaching 
38·8 million (37·6–40·4 million) in 2015 (fi gure 1B). 
Global mortality peaked in 2005, at 1·8 million 
(95% UI 1·7–1·9 million) and subsequently fell by 5·5% 
(95% UI 5·0–5·9) per year to 1·2 million (1·1–1·3 million) 
in 2015 (fi gure 1C). The proportion of people living with 
HIV and receiving ART increased rapidly for both sexes 
between 2005 and 2015, from 6·4% (95% UI 5·6–7·4) to 
38·6% (37·2–40·0) of men, and from 3·3% (3·0–3·6) to 
42·4% (41·0–43·7) of women (fi gure 1D).

In 2015, 1·8 million (95% UI 1·7–2·1 million) new HIV 
infections, 75·4% (71·7–78·5) of new cases, were in 
sub-Saharan Africa, with large proportions in western, 
southern, and eastern sub-Saharan Africa (fi gure 2A). 
Outside sub-Saharan Africa, south Asia accounted for 
206 830 (171 790–249 700), or 8·5% (7·0–10·0), of new 
infections per year (fi gure 2A). Southeast Asia accounted 
for 4·7% (95% UI 2·8–8·1) of global infections in 2015, 
and east Asia accounted for 2·3% (1·7–3·1; fi gure 2A). 
Distributions of new infections by sex were broadly 
similar (appendix pp 26–38); and prevalence and 
mortality have also been greatest in sub-Saharan Africa 
(appendix pp 59, 60). HIV infection rates varied 
tremendously across countries in 2015 (fi gure 2B; see 
appendix pp 64, 65 for incidence for 1990 and 2005). The 
highest rates of infection were in southern Africa, with 
more than 1% of the population per year becoming 
infected in Botswana, Lesotho, and Swaziland (fi gure 2B). 
Within sub-Saharan Africa, rates in excess of 150 per 
100 000 people occurred in a cluster of countries from 
Nigeria to Tanzania, with the notable exceptions of the 
Democratic Republic of the Congo (42·0 per 100 000; 
95% UI 12·3–101·7) and Ethiopia (39·4 per 100 000; 
19·7–62·5; fi gure 2B). The highest estimated incidence 
rates in Europe were recorded in Russia, and in Asia 
were recorded in Cambodia (fi gure 2B). In the Americas, 
only Belize, Guyana, and Haiti had rates of more than 

50 per 100 000 people (fi gure 2B). Among the countries 
in the highest quintile of sociodemographic index 
(a composite indicator based on equally weighted 
estimates of lag-distributed income per capita, average 
years of education among populations over 15 years, and 
total fertility rate),15 countries with incidence rates of 
more than 15 infections per 100 000 people included 
Antigua and Barbuda, the Bahamas, Bermuda, Trinidad 
and Tobago, and Russia. Annualised rates of change 
show that although incidence substantially declined 
globally from 2005 to 2015, rates increased in 74 countries 
(table).

Due to improved access to treatment, prevalence 
compared with incidence was higher in countries with 
a high sociodemographic index (table). Six countries 
(Botswana, Lesotho, Namibia, Swaziland, South Africa, 
and Zimbabwe) had a HIV prevalence of more than 10% 
of the entire population. Nine countries in sub-Saharan 
Africa (Central African Republic, Cameroon, Equatorial 
Guinea, Kenya, Mozambique, Malawi, Tanzania, Uganda, 
and Zambia) had a prevalence of more than 2·5% of the 
entire population. Outside sub-Saharan Africa, a further 
11 countries (the Bahamas, Belize, Bermuda, Dominican 
Republic, Guyana, Haiti, Cambodia, Portugal, Suriname, 
Trinidad and Tobago, and Saint Vincent and the 
Grenadines) had prevalence rates between 0·5% and 
2·5% (appendix p 57). In the past 10 years, global scale-up 
of ART has been extraordinary, especially in eastern 
and southern sub-Saharan Africa (fi gure 3A). However, 
despite these increases, the proportion of people living 
with HIV and receiving ART is highly variable and 
remains at very low levels in many countries, particularly 
in the Middle East and North Africa, eastern Europe, 
central Asia, east Asia, and some countries in southeast 
Asia (fi gure 3B). We recorded coverage in excess of 40% 
in North America, western Europe, Australasia; the arc of 
countries in eastern South America, from Guyana to 
Argentina and Chile; and the corridor of countries from 
Uganda to South Africa (fi gure 3B).

HIV death rates and recent time trends vary greatly 
across countries (table). Deaths vary substantially by age, 

New infections 
(in thousands)

People living with HIV 
(in thousands)

HIV/AIDS deaths 
(in thousands)

ART coverage per 
100 people living 
with HIV (%)

Age-standardised 
incidence ARC from 
2005 to 2015

Age-standardised 
prevalence ARC 
from 2005 to 2015

Age-standardised 
mortality ARC from 
2005 to 2015

(Continued from previous page)

Equatorial Guinea 0·63
(0·17 to 1·55)

24·45
(20·84 to 28·49)

0·81
(0·42 to 1·18)

31·82
(26·45 to 39·19)

–0·18
(–0·33 to –0·06)

0·03
(0·01 to 0·04)

–0·02
(–0·07 to 0·03)

Gabon 2·19
(0·70 to 4·39)

42·43
(35·47 to 50·80)

1·24
(0·82 to 1·55)

60·25
(52·88 to 67·83)

–0·07
(–0·18 to 0·02)

–0·02
(–0·04 to 0·00)

–0·07
(–0·11 to –0·04)

Data in parentheses are 95% uncertainty intervals. New infections and HIV/AIDS deaths are cumulative for the whole of 2015. The number of people living with HIV is the point prevalence (as a count) at the end 
of 2015. The number of people living with HIV receiving ART and the total number of people living with HIV are year-end point prevalences. We calculated numerators for incidence, prev alence, and mortality 
rates with counts as previously described. The denominator for each rate was population at mid-year. We age-standardised rates with the WHO age standard. We calculated ARC as the slope from the log of the 
value in 2015, to the log of the value in 2005: (log[value 2015]–log[value 2005])/10. ART=antiretroviral therapy. ARC=annualised rate of change. SDI=sociodemographic index.

Table: Country-specifi c estimates of new HIV infections, people living with HIV, HIV/AIDS deaths, and ART coverage in 2015, and ARCs of age-standardised incidence, prevalence, and 
mortality from 2005 to 2015
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Figure 3: Number of people living with HIV receiving ART from 1995 to 2015, and the proportion living with HIV receiving ART in 2015
Number of people living with HIV receiving ART by region (A). Bars represent the mean number of people living with HIV who received ART within a given year. Error bars represent 95% uncertainty 
intervals. Each Global Burden of Disease (GBD) region is represented by a separate colour. Proportion of people living with HIV receiving ART by country (B). The number of people living with HIV 
receiving ART and the total number of people living with HIV are year-end point prevalences. ART=antiretroviral therapy. ATG=Antigua and Barbuda. VCT=Saint Vincent and the Grenadines. 
LCA=Saint Lucia. TTO=Trinidad and Tobago. TLS=Timor-Leste. FSM=Federated States of Micronesia.

Western sub-Saharan Africa
Southern sub-Saharan Africa
Eastern sub-Saharan Africa
Central sub-Saharan Africa
Southeast Asia
Oceania
East Asia
South Asia
North Africa and Middle East
Tropical Latin America
Central Latin America
Caribbean
Andean Latin America
Western Europe
Southern Latin America
High-income North America
High-income Asia Pacific
Australasia
Eastern Europe
Central Europe
Central Asia

1995 2000 2005 2010 2015
Year

N
um

be
r o

f p
eo

pl
e 

w
ith

 H
IV

 re
ce

iv
in

g 
AR

T 
(t

ho
us

an
ds

)

0

5000

10 000

15 000

0–10
10–20
20–30
30–40

40–50
50–60
60–70
70– 100

Persian GulfCaribbean LCA

Dominica

ATG

TTO

Grenada

VCT

Seychelles

Mauritius

Comoros
West Africa Eastern 

Mediterranean

Malta

Singapore Balkan Peninsula Tonga

Samoa

FSM

Fiji

Solomon Isl

Marshall Isl

Vanuatu

Kiribati

TLS

Maldives

Barbados

A

B



Articles

e376 www.thelancet.com/hiv   Vol 3   August 2016

showing both the patterns of incidence by age, diff erential 
rates of progression by sex and age, and diff erential ART 
coverage (fi gure 4A). More women than men died in 
people aged 15–29 years; after age 35 years, there were 
more deaths in men (fi gure 4A). Deaths in people aged 
50 years and older account for 10% (95% UI 3·8–11·8) of 
deaths in men and 7·6% (1·5–9·8) of deaths in women 
(fi gure 4A). We recorded substantial heterogeneity in 
HIV mortality among countries in 2015 (appendix p 63). 

Among HIV/AIDS deaths in 2015, 17·8% were caused by 
HIV and tuberculosis co-infection, down from 19·6% in 
2005 (fi gure 4A). We compared HIV deaths with the 
number of people living with HIV to provide a simple 
estimate of the annual excess mortality rate (fi gure 4B). 
This ratio is a function of the timing of the epidemic and 
the access to and quality of ART and other care. Of note, 
this ratio was much lower in GBD high-income regions 
than in other GBD super-regions.

At the time of writing, the latest available assessment 
from UNAIDS was published in 2016, at the global and 
regional level only.26 UNAIDS country level estimates are 
from their 2014 update for years up to 2014.27 GBD 2015 
estimates of prevalence are in accordance with the 
UNAIDS estimates. For 2015, estimations of the people 
living with HIV were 38·8 million (95% UI 
37·6–40·4 million) in GBD 2015, and 36·7 million 
(34·0–39·8 million) in UNAIDS 2016. Comparisons of 
prevalence estimates at the country level in 2005 and 
2014, show strong concordance between the two estimate 
series, with an average intraclass correlation coeffi  cient 
of 0·997 (fi gure 5A shows prevalence from both sources 
for 2014). The highest relative diff erences in prevalence 
among sub-Saharan African countries in 2014 were in 
Senegal, Burundi, Democratic Republic of the Congo, 
Congo, Kenya, Sierra Leone, Nigeria, and South Africa, 
where GBD 2015 estimates are at least 10% higher than 
those from UNAIDS 2014 (fi gure 5A). UNAIDS tends to 
have much higher estimates of mortality at the peak of 
the HIV/AIDS epidemic around 2005, and lower 
estimates in 2014, than GBD 2015; we noted a much 
higher level of heterogeneity at the country level 
(fi gure 5B). For countries in sub-Saharan Africa, GBD 
estimates of mortality are higher than those from 
UNAIDS 2014 for 26 countries. Among these countries, 
GBD estimates are more than 10% higher than UNAIDS 
2014 estimates in 22 countries. For South Africa, our 
estimated deaths are 17·2% higher than UNAIDS 2014 
estimates. The highest diff erences are in Swaziland and 
Democratic Republic of the Congo, where GBD 2015 
estimates are more than 80% higher than UNAIDS’ 
(fi gure 5B). 

For estimates of annual new infections, UNAIDS 2014 
has slightly higher estimates for years before 2000. 
Although the estimates are similar between the two 
series for most of the 2000s, the series have diff ered 
substantially since 2007 at the global level. UNAIDS 2014 
estimated a much faster rate of decline in annual new 
infections than did GBD 2015. Globally, GBD 2015 
estimates about 2·5 million new infections in 2014, 
whereas UNAIDS estimates about 2 million for the same 
year. UNAIDS 2016 has slightly higher estimates of 
incidence than the 2014 publication, at 2·1 million for 
2015. In terms of annualised rate of decline in new 
infections between 2005 and 2014, GBD 2015 estimates 
about a 0·4% decline per year, whereas the UNAIDS 
estimates from 2014 show a 3·3% decline per year. In 

Figure 4: Global HIV/AIDS deaths, 2005–15 
Global deaths caused by HIV/AIDS resulting in either mycobacterial infection (tuberculosis) or other diseases, by 
age and sex in 2015 (A); dark shading indicates deaths caused by tuberculosis associated with HIV; light shading 
indicates deaths caused by other diseases resulting from HIV; error bars show 95% uncertainty intervals. 
Mean estimates of global and super-regional HIV/AIDS deaths per prevalent case fom 2005 to 2015 (B).
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only seven countries (Madagascar, Democratic Republic 
of the Congo, Burkina Faso, Guinea-Bissau, Chad, 
Rwanda, and The Gambia) in sub-Saharan Africa, 
annualised rates of decline in new infections are faster in 
GBD 2015 than in UNAIDS 2014. In Côte d’Ivoire, 
Burundi, Eritrea, Zimbabwe, Lesotho, Nigeria, Botswana, 
and Kenya, GBD 2015 estimates an increase in numbers 
of new infections, whereas UNAIDS 2014 predicts a 
decline. The biggest diff erence is in Kenya, where results 
from GBD 2015 show an increase in annual new 
infections from 60 000 in 2005, to 146 700 in 2014, 
whereas UNAIDS shows a decrease from 73 000 to 56 000 
during the same period. 

Discussion 
Remarkable progress has been made in curbing the 
HIV/AIDS epidemic worldwide. HIV incidence reached 
its peak in 1997, and HIV deaths have been declining 
since the mid-2000s. However, annual incidence has 
stayed relatively constant since 2005, after a period of 
faster decline between 1997 and 2005. The number of 
people living with HIV/AIDS has been steadily 
increasing, and reached 38·8 million in 2015. At the 
country level, disparate levels and trends of the epidemic 
persist. These updated estimates at the global level are 
similar to those published in the GBD 2013 iteration for 
deaths; however, our present estimates for incidence and 
prevalence are lower for 2013 than in GBD 2013.1

The unfolding global HIV pandemic has advanced 
through three phases during which HIV/AIDS mortality 

has increased from 4·73 per 100 000 in 1995, the 
39th-ranked cause of death, to 16·18 per 100 000 in 2015, 
the 11th-ranked cause of death worldwide. In the initial 
phase (1981–97), global HIV incidence and the number 
of people living with HIV increased, followed by huge 
increases in deaths related to the disease. From 1998 to 
2005, incidence declined by 25·4%; however, because of 
the lag between infection and mortality, the number of 
deaths caused by HIV increased. In the third phase, 
mass scale-up of prevention of mother-to-child 
trans mission and ART, particularly in low-income 
sub-Saharan Africa, led to a phase of declining HIV 
mortality, a decade of stagnation in the decline of global 
incidence rates, and steadily rising prevalence. These 
global patterns mask well documented but extraordinary 
heterogeneity across countries. Epidemics leading to 
more than 2·5% of the population being infected have 
happened largely in eastern, southern, and central 
sub-Saharan Africa. Although death rates and incidence 
declined in the past decade in many of these countries, 
they are increasing in many others where prevalence has 
been lower until now, such as Indonesia and the 
Philippines. The scale-up of ART, a key driver of the 
trends, has led to 41% of people living with HIV receiving 
ART worldwide.7 

The scale-up of interventions for HIV/AIDS represents 
one of the great successes of global health collective 
action. This scale-up, particularly in low-income countries, 
has been fuelled by the increase in develop ment assistance 
for HIV from $1·3 billion in 2000, to $10·8 billion in 

Figure 5: Comparison of GBD 2015 and UNAIDS 2014 estimates 
Adult HIV prevalence rate (A) and estimates of death caused by HIV/AIDS (B). UNAIDS’ published prevalence values are limited to three decimal places. The x and y 
values of each point are the log transformation of the mean estimates from UNAIDS and GBD, respectively, enabling variation to be seen despite disparate values. 
Tick-mark labels on the x and y axes are the value of the mean estimate before log transformation (ie, the real value and not the log-transformed value is shown). 
Locations mentioned in the manuscript are highlighted by plotting the ISO 3 code of the location. Each location is plotted with a diff erent colour by super-region. 
GBD=Global Burden of Disease. UNAIDS=the Joint United Nations Programme on HIV and AIDS. ZAF=South Africa. KEN=Kenya. NGA=Nigeria. COG=Democratic 
Republic of the Congo. SLE=Sierra Leone. BDI=Burkina Faso. COD=Congo. SEN=Senegal. SWZ=Swaziland.
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2015.12,13 The need for HIV programmes, particularly ART 
programmes, continues to grow because of both the 
sustained high incidence of infections and the success of 
ART in extending the lifespan of people living with HIV. 
However, since 2010, development assistance for HIV has 
remained nearly constant.12 This absence of additional 
funding is by stark contrast with the $36 billion needed 
annually to achieve the UN goal to end AIDS by 2030, as 
estimated by Piot and colleagues.9 UNAIDS and other 
international development agencies hope that the growing 
need for funding will be partly solved by expanded health 
spending by low-income countries.28,29 However, Dieleman 
and colleagues12,13 suggest that, on the basis of trends in 
the past few years, health spending in low-income 
countries will grow only slightly in the next 25 years. 
How will the impending fi nancing gap be addressed? 
In middle-income countries, increased commitments to 
funding health programmes from national budgets could 
fi ll the gap. But in low-income countries, where, as in 
eastern and some countries in southern sub-Saharan 
Africa, HIV rates are the highest, domestic resources will 
not be suffi  cient. Dieleman and colleagues30 projected that 
government health expenditure is going to increase from 
$30·8 billion (95% UI 29·9–31·8 billion) in 2015, to 
$53·1 billion (47·5–57·9 billion) in 2030, in southern 
sub-Saharan Africa.

Meeting the needs of people living with HIV will 
require a combination of concentrating development 
assistance for HIV on these low-income countries, 
improving the effi  ciency of HIV programmes, increasing 
domestic fi nancing, lowering the cost of treatment 
(including prices of ART drugs), and reducing future 
incidence through more concerted eff orts. Development 
assistance eff orts will also need to be scaled up if the free 
fl ow of low-cost generic drugs is hampered. Additionally, 
public and private sectors need to be incentivised to 
continue research and development of new and better 
prevention and treatment strategies to combat the 
epidemic in the long term. Special eff orts need to be 
made in high-risk populations in both concentrated and 
generalised epidemic settings in view of the continued 
high rate of transmission among these subpopulations, 
including men who have sex with men and injecting 
drug users. However, on the basis of the epidemiological 
and fi nancial trends, there is a major risk of a substantial 
shortfall in necessary funds to sustain life-saving ART 
programmes. The scarcity of adequate funds to provide 
ART for people living with HIV, together with the 
possibility of increasing drug resistance to existing ART 
treatments, will make achievement of the goal to end 
AIDS by 2030 extremely diffi  cult.

WHO now recommends universal ART for all people 
with HIV.31,32 In 2015, only 41% of people living with HIV 
were receiving ART; however, the 90-90-90 goals imply 
that 81% should be receiving ART and 73% will have viral 
suppression, which no country has yet achieved. 
Achievement of 81% ART coverage would require 

extension of ART coverage to at least 15·5 million 
additional people living with HIV by 2020, which implies 
an addition of 3·1 million per year between 2015 and 
2020, while ensuring complete treatment adherence. 
Concerted eff orts will be needed to scale up detection of 
new infections to meet the target of 90% of people 
knowing their status. The targeted expansion in ART 
coverage would play an important part in reducing the 
still high number of individuals dying from HIV. 
However, such expansion has enormous cost implications 
in an era when even maintenance of coverage in some 
low-income settings could be at risk in the presence of 
declining development assistance for health. Increased 
ART coverage might also play a part in reducing 
population transmission of HIV and therefore 
incidence.33,34 The quality of ART embodied in the third 
90 target of the UNAIDS strategy remains a major issue, 
as does the potential role of other care in extending 
survival. The simple comparison between HIV deaths 
and HIV prevalence shows that death rates in 
HIV-positive individuals are much lower in high-income 
countries than elsewhere. In fact, probability of death 
from HIV/AIDS while on ART in sub-Saharan Africa is 
on average 6·5 times higher than the probability in 
high-income countries among diff erent age groups and 
time since start of ART treatment.

Calls for the end of AIDS have captured the 
imagination of the global health community.35 Largely 
as a result of the course of the HIV epidemic itself and 
spreading awareness of HIV among the general 
population, incidence declined between 1997, the year 
with peaked incidence, and 2005. However, our present 
estimates of HIV incidence, albeit driven mostly by 
prevalence data, suggest that incidence might not have 
declined much in the past decade. Incidence remained 
high, despite that much development assistance for 
HIV was spent on prevention programmes. Once the 
notable success of scale-up of prevention of mother-to-
child transmission and reductions in transmission to 
children is accounted for, adult incidence remained 
even more resistant to change in the past 10 years. 
Eff ective strategies, such as male circumcision and 
PrEP, are available to reduce transmission even without 
changing sexual behaviour.36–38 Barrier methods for HIV 
prevention are also eff ective in reducing risk for 
transmission, as are some interventions targeting 
high-risk groups, such as needle exchanges.39,40 Despite 
the existence of these approaches, incidence has not 
changed substantially. Although incidence has declined 
from 40·2 to 33·2 per 100 000 people at an annualised 
rate of decline of 1·9%, annual new infections have 
stayed relatively constant at about 2·5 million a year for 
the past decade. This fi nding could be explained by 
many factors, including that viral load suppression 
might be lower than the estimated 70% in low-income 
and middle-income countries, that ART coverage might 
be exaggerated in some countries, or that the rate of 
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unsafe sex could be increasing in settings where the 
perceived risk of HIV has been reduced.

Worldwide, Millennium Development Goal 6, to halt 
and reverse the spread of HIV and provide universal 
access to treatment for those who need it by 2015, has not 
been achieved. Between 2005 and 2015, 102 of 
195 countries have experienced an increase in annual 
new infections. In sub-Saharan Africa, 15 of 46 countries 
managed to decrease annual infection during the same 
period. No countries had achieved the 81% target in 2015, 
and most developing countries have important gaps to 
fi ll by 2020.1 Sustainable Development Goal 3 aims to 
end HIV/AIDS by 2030. Achievement of such an 
ambitious goal will require great improvements in 
prevention eff orts. The PEPFAR pivot, with its focus on 
high-transmission areas, might provide one such 
strategy,35 but the eff ectiveness of this approach is 
unproven, and the planning and evaluation for such 
programmes needs more granular data on the epidemic 
level and trends at the subnational level, which are still 
largely missing in most countries. To further reduce 
mortality from HIV/AIDS, another priority should 
be towards prevention, detection, and treatment of 
tuberculosis among people living with HIV as part of a 
strategy to reduce HIV disease progression and 
transmission, because tuber culosis, although largely 
preventable and treatable, is one of the most common 
opportunistic infections and the leading cause of death 
among HIV-infected individuals, as our study has shown. 

Our assessment of HIV incidence and mortality in 
countries without vital registration data is driven by 
prevalence surveys and surveillance data on the 
prevalence of HIV among individuals attending 
antenatal care clinics. Estimation of incidence from 
prevalence is based on a set of assumptions about CD4 
progression rates, off -ART and on-ART HIV death 
rates, and ART coverage. Such statistical back-
estimation is inherently uncertain for recent time 
periods for which changes in incidence will not have 
changed prevalence as quickly. So far, eff orts to develop 
incidence assays that can diff erentiate new from old 
infections have not been suffi  ciently robust or widely 
enough deployed to include in our or UNAIDS’ 
estimation eff orts, and the necessary sample sizes to 
track incidence could be challenging to obtain.41–43 
Repeated measurements, such as the Swaziland HIV 
Incidence Measurement Survey (SHIMS), provide 
information about incidence in very few settings.44 
Compared with the prevalence-based calculations, the 
SHIMS results show 2·4 infections per 100 person-
years (95% UI 2·06–2·75) for 2011, which is consistent 
with GBD 2015 estimations of 2·15 infections per 
100 people (1·91–2·46) for the same year. In view of the 
heightened focus on reducing HIV incidence as part of 
the end-of-AIDS vision, more eff orts are needed to 
systematically supplement the approach of estimating 
incidence with prevalence data by use of additional 

information about case notifi cations with CD4 status, 
HIV viral load, and alternative assays as they emerge.

Our models, in addition to UNAIDS models for 
estimating HIV incidence and mortality, depend heavily 
on estimates of prevention of mother-to-child trans-
mission and ART coverage. These numbers are 
developed by UNAIDS in consultation with national 
governments, the Global Fund, and PEPFAR.45 However, 
the underlying data at the facility or provider level are 
not available for inspection, critical appraisal, or 
validation. Evidence from countries where survey data 
for use of ART are available, such as Kenya, suggests 
that national assessments of numbers of people on ART 
collated by UNAIDS might be too high.46–48 If these 
fi ndings were true in other countries, our estimates of 
ART coverage could likewise be exaggerated, as could 
our estimates of deaths from HIV. Data transparency for 
models used in global health estimation is rapidly 
increasing. GBD have adopted the GATHER guidelines 
developed by WHO and other partners.25 In the future, 
having input data on ART and prevention of mother-to-
child transmission meet the GATHER guideline bar of 
transparency would be highly benefi cial. Political 
sensitivities in some countries have restricted the 
transparency of UNAIDS on this issue; even the basic 
incidence and prevalence estimates generated by 
UNAIDS cannot be released for some countries such as 
India and Russia because of such issues. Fostering a 
culture of greater transparency and accountability for 
HIV prevention and treatment programmes will benefi t 
everyone concerned with tackling HIV more eff ectively 
in the future.

Subnational assessments, when available, suggest much 
spatial heterogeneity of HIV incidence, prevalence, and 
death.49–51 Use of more disaggregated assessments of the 
HIV epidemic will hopefully improve the quality of the 
results and the relevance to HIV prevention and treatment 
programmes. Disaggregated assessments of prevalence 
derived from survey data and surveillance data from 
antenatal care clinics are feasible. Progress will be needed 
on the availability of data for prevention of mother-to-child 
transmission and ART at the local level. Perhaps even 
more challenging is the need for estimates of the various 
demographic inputs required for the modelling eff orts, 
including migration, fertility, and HIV-free mortality. The 
push toward district-level or even more fi ne-grained 
estimation is one of the most promising directions for 
improved estimation of the epidemic overall. 

Substantial diff erences between men and women 
remain in many aspects of the HIV epidemic. Our 
analysis shows that the age pattern of HIV/AIDS 
mortality is younger in women than in men. This fi nding 
is largely thought to result from age-disparate 
relationships in which men tend to have sex with women 
younger than them.52,53 Furthermore, more women use 
ART, as shown by the roughly 15·4% higher ART 
coverage for women than men in 2015. We also recorded 
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a high level of heterogeneity at the country level, with 
female ART coverage 50% higher than male coverage in 
countries such as Gabon, The Gambia, Nigeria, and 
Sierra Leone; at the same time, in India, Lithuania, and 
Maldives, male ART coverage was 50% higher. 

The GBD 2015 estimates of prevalence are in line with 
those from UNAIDS 2014. The high concordance of 
country-level prevalence estimates between the two series 
is unsurprising given that they are both based on similar 
input datasets for prevalence. Much of the diff erence 
between the two estimates is a result of diff erent 
assumptions of on-ART and off -ART mortality, background 
HIV-free mortality rate, initial CD4 distribution, and CD4 
progression ratios. Further studies and close collaboration 
between UNAIDS and GBD are needed to fully understand 
the relative contribution of each of the aforementioned 
factors to the diff erence in estimates of incidence, 
prevalence, and mortality at the country level. 

This analysis of data for HIV has several further 
limitations. First, we have used data from the 
Antiretroviral Therapy Cohort Collaboration to improve 
the assessment of death rates of patients on ART in 
high-income countries. However, we have not been able 
to incorporate data for the variation in quality of ART 
programmes such as viral load suppression by country. 
This information is not widely available. Second, our 
novel cohort incidence bias adjustment method leverages 
cause-of-death data to correct past incidence for each 
cohort. Although our testing shows that the method 
works fairly well, the information content in the approach 
for adjustments in the most recent time period is much 
more restricted than for earlier periods. Estimates of 
incidence with this approach in the most recent time 
periods might be biased. Third, we have attempted to 
propagate multiple sources of uncertainty into our fi nal 
estimates. Because we did not include uncertainty 
caused by variation in the quality of ART and might 
underestimate uncertainty in ART coverage, our fi nal 
uncertainty intervals could be too narrow. At the global 
level, our uncertainty levels might also be too narrow 
because we assume uncertainty in each country is 
independent of other countries. Fourth, we have not used 
the surveillance data for new cases in our analysis. 
Integration of such information in the future will 
probably increase the accuracy of incidence and 
prevalence estimates. Fifth, prevalence and programme 
data are still sparse in most countries. Prevalence 
estimates are largely determined by adjusted antenatal 
clinic data and national surveys. To depict the epidemic in 
populations accurately, rigorous data collection is needed. 
For example, ART coverage data should be directly 
collected in surveys through viral load testing, such as in 
the Lesotho 2014 Demographic and Health Survey,54 and 
questions about ART. Sixth, our study focuses on deaths 
with HIV/AIDS as the underlying cause of death and 
does not account for excess mortality from other 
non-communicable causes of deaths among people living 

with HIV. Seventh, input data tend to be sparse for the 
most recent time period, and our models might have not 
captured the recent progress and lack thereof in some 
countries. Eighth, our models have not directly used 
other important variables, such as prevalence of sexually 
transmitted infections or rates of ART adherence, ART 
treatment failure, and HIV testing, as used by Optima 
(appendix p 56).55 These variables should be included in 
future updates to improve the precision of our estimates. 
Finally, although we integrated HIV cause-specifi c 
mortality data in our modelling framework for a large 
group of countries with vital registration data, inclusion 
of additional data sources such as HIV surveillance and 
case report in our analytical framework could improve the 
accuracy of our incidence estimates. 

Enormous progress has been made in reducing HIV 
deaths, especially in low-income countries, through the 
expansion of prevention of mother-to-child transmission 
and ART programmes funded largely through develop-
ment assistance for HIV. However, achievement of the 
UNAIDS 90-90-90 targets will require major changes in 
how programmes are delivered and fi nanced. Global 
eff orts have had less impact on the incidence of new 
infections than on HIV mortality. Ending the AIDS 
epidemic by 2030 will require a dramatic change in how 
HIV prevention is pursued. 
GBD 2015 HIV Collaborators
Haidong Wang*, Tim M Wolock, Austin Carter, Grant Nguyen, 
Hmwe Hmwe Kyu, Emmanuela Gakidou, Simon I Hay, Edward J Mills, 
Adam Trickey, William Msemburi, Matthew M Coates, 
Meghan D Mooney, Maya S Fraser, Amber Sligar, Joshua Salomon, 
Heidi J Larson, Joseph Friedman, Amanuel Alemu Abajobir†, 
Kalkidan Hassen Abate†, Kaja M Abbas†, 
Mohamed Magdy Abd El Razek†, Foad Abd-Allah†, 
Abdishakur M Abdulle†, Semaw Ferede Abera†, Ibrahim Abubakar†, 
Laith J Abu-Raddad†, Niveen M E Abu-Rmeileh†, Gebre Yitayih Abyu†, 
Akindele Olupelumi Adebiyi†, Isaac Akinkunmi Adedeji†, 
Ademola Lukman Adelekan†, Koranteng Adofo†, 
Arsène Kouablan Adou†, Oluremi N Ajala†, Tomi F Akinyemiju†, 
Nadia Akseer†, Faris Hasan Al Lami†, Ziyad Al-Aly†, Khurshid Alam†, 
Noore K M Alam†, Deena Alasfoor†, Saleh Fahed S Aldhahri†, 
Robert William Aldridge†, Miguel Angel Alegretti†, Alicia V Aleman†, 
Zewdie Aderaw Alemu†, Rafael Alfonso-Cristancho†, Raghib Ali†, 
Ala’a Alkerwi†, François Alla†, Rajaa Mohammad Salem Al-Raddadi†, 
Ubai Alsharif†, Elena Alvarez†, Nelson Alvis-Guzman†, 
Azmeraw T Amare†, Alemayehu Amberbir†, Adeladza Kofi  Amegah†, 
Walid Ammar†, Stephen Marc Amrock†, Carl Abelardo T Antonio†, 
Palwasha Anwari†, Johan Ärnlöv†, Al Artaman†, Hamid Asayesh†, 
Rana Jawad Asghar†, Reza Assadi†, Suleman Atique†, Lydia S Atkins†, 
Euripide Frinel G Arthur Avokpaho†, Ashish Awasthi†, 
Beatriz Paulina Ayala Quintanilla†, Umar Bacha†, Alaa Badawi†, 
Aleksandra Barac†, Till Bärnighausen†, Arindam Basu†, 
Tigist Assefa Bayou†, Yibeltal Tebekaw Bayou†, 
Shahrzad Bazargan-Hejazi†, Justin Beardsley†, Neeraj Bedi†, 
Derrick A Bennett†, Isabela M Bensenor†, Balem Demtsu Betsu†, 
Addisu Shunu Beyene†, Eesh Bhatia†, Zulfi qar A Bhutta†, 
Sibhatu Biadgilign†, Boris Bikbov†, Sait Mentes Birlik†, 
Donal Bisanzio†, Michael Brainin†, Alexandra Brazinova†, 
Nicholas J K Breitborde†, Alexandria Brown†, Michael Burch†, 
Zahid A Butt†, Julio Cesar Campuzano†, Rosario Cárdenas†, 
Juan Jesus Carrero†, Carlos A Castañeda-Orjuela†, 
Jacqueline Castillo Rivas†, Ferrán Catalá-López†, Hsing-Yi Chang†, 
Jung-chen Chang†, Laxmikant Chavan†, Wanqing Chen†, 
Peggy Pei-Chia Chiang†, Mirriam Chibalabala†, 



Articles

www.thelancet.com/hiv   Vol 3   August 2016 e381

Vesper Hichilombwe Chisumpa†, Jee-Young Jasmine Choi†, 
Devasahayam Jesudas Christopher†, Liliana G Ciobanu†, 
Cyrus Cooper†, Tukur Dahiru†, Solomon Abrha Damtew†, 
Lalit Dandona†, Rakhi Dandona†, José das Neves†, Pieter de Jager†, 
Diego De Leo†, Louisa Degenhardt†, Robert P Dellavalle†, 
Kebede Deribe†, Amare Deribew†, Don C Des Jarlais†, 
Samath D Dharmaratne†, Eric L Ding†, Pratik Pinal Doshi†, 
Kerrie E Doyle†, Tim R Driscoll†, Manisha Dubey†, 
Yousef Mohamed Elshrek†, Iqbal Elyazar†, Aman Yesuf Endries†, 
Sergey Petrovich Ermakov†, Babak Eshrati†, Alireza Esteghamati†, 
Imad D A Faghmous†, Carla Sofi a e Sa Farinha†, Andre Faro†, 
Maryam S Farvid†, Farshad Farzadfar†, 
Seyed-Mohammad Fereshtehnejad†, Joao C Fernandes†, 
Florian Fischer†, Joseph Robert Anderson Fitchett†, Nataliya Foigt†, 
Nancy Fullman†, Thomas Fürst†, Fortuné Gbètoho Gankpé†, 
Teshome Gebre†, Amanuel Tesfay Gebremedhin†, 
Alemseged Aregay Gebru†, Johanna M Geleijnse†, 
Bradford D Gessner†, Peter W Gething†, Tsegaye Tewelde Ghiwot†, 
Maurice Giroud†, Melkamu Dedefo Gishu†, Elizabeth Glaser†, 
Shifalika Goenka†, Amador Goodridge†, Sameer Vali Gopalani†, 
Atsushi Goto†, Harish Chander Gugnani†, Mark D C Guimaraes†, 
Rahul Gupta†, Rajeev Gupta†, Vipin Gupta†, Juanita Haagsma†, 
Nima Hafezi-Nejad†, Holly Hagan†, Gessessew Bugssa Hailu†, 
Randah Ribhi Hamadeh†, Samer Hamidi†, Mouhanad Hammami†, 
Graeme J Hankey†, Yuantao Hao†, Hilda L Harb†, 
Sivadasanpillai Harikrishnan†, Josep Maria Haro†, Kimani M Harun†, 
Rasmus Havmoeller†, Mohammad T Hedayati†, 
Ileana Beatriz Heredia-Pi†, Hans W Hoek†, Masako Horino†, 
Nobuyuki Horita†, H Dean Hosgood†, Damian G Hoy†, 
Mohamed Hsairi†, Guoqing Hu†, Hsiang Huang†, John J Huang†, 
Kim Moesgaard Iburg†, Bulat T Idrisov†, Kaire Innos†, Veena J Iyer†, 
Kathryn H Jacobsen†, Nader Jahanmehr†, Mihajlo B Jakovljevic†, 
Mehdi Javanbakht†, Achala Upendra Jayatilleke†, 
Panniyammakal Jeemon†, Vivekanand Jha†, Guohong Jiang†, 
Ying Jiang†, Tariku Jibat†, Jost B Jonas†, Zubair Kabir†, Ritul Kamal†, 
Haidong Kan†, André Karch†, Corine Kakizi Karema†, 
Dimitris Karletsos†, Amir Kasaeian†, Anil Kaul†, Norito Kawakami†, 
Jeanne Françoise Kayibanda†, Peter Njenga Keiyoro†, 
Andrew Haddon Kemp†, Andre Pascal Kengne†, 
Chandrasekharan Nair Kesavachandran†, Yousef Saleh Khader†, 
Ibrahim Khalil†, Abdur Rahman Khan†, Ejaz Ahmad Khan†, 
Young-Ho Khang†, Jagdish Khubchandani†, Yun Jin Kim†, 
Yohannes Kinfu†, Miia Kivipelto†, Yoshihiro Kokubo†, 
Soewarta Kosen†, Parvaiz A Koul†, Ai Koyanagi†, 
Barthelemy Kuate Defo†, Burcu Kucuk Bicer†, Veena S Kulkarni†, 
G Anil Kumar†, Dharmesh Kumar Lal†, Hilton Lam†, Jennifer O Lam†, 
Sinead M Langan†, Van C Lansingh†, Anders Larsson†, James Leigh†, 
Ricky Leung†, Yongmei Li†, Stephen S Lim†, Steven E Lipshultz†, 
Shiwei Liu†, Belinda K Lloyd†, Giancarlo Logroscino†, Paulo A Lotufo†, 
Raimundas Lunevicius†, Hassan Magdy Abd El Razek†, 
Mahdi Mahdavi†, P A Mahesh†, Marek Majdan†, Azeem Majeed†, 
Carla Makhlouf†, Reza Malekzadeh†, Chabila C Mapoma†, 
Wagner Marcenes†, Jose Martinez-Raga†, Melvin Barrientos Marzan†, 
Felix Masiye†, Amanda J Mason-Jones†, Bongani M Mayosi†, 
Martin McKee†, Peter A Meaney†, Man Mohan Mehndiratta†, 
Alemayehu B Mekonnen†, Yohannes Adama Melaku†, Peter Memiah†, 
Ziad A Memish†, Walter Mendoza†, Atte Meretoja†, 
Tuomo J Meretoja†, Francis Apolinary Mhimbira†, Ted R Miller†, 
Joseph Mikesell†, Mojde Mirarefi n†, 
Karzan Abdulmuhsin Mohammad†, Shafi u Mohammed†, 
Ali H Mokdad†, Lorenzo Monasta†, Maziar Moradi-Lakeh†, 
Rintaro Mori†, Ulrich O Mueller†, Brighton Murimira†, 
Gudlavalleti Venkata Satyanarayana Murthy†, Aliya Naheed†, 
Luigi Naldi†, Vinay Nangia†, Denis Nash†, Haseeb Nawaz†, 
Chakib Nejjari†, Frida Namnyak Ngalesoni†, Jean de Dieu Ngirabega†, 
Quyen Le Nguyen†, Muhammad Imran Nisar†, Ole F Norheim†, 
Rosana E Norman†, Luke Nyakarahuka†, Felix Akpojene Ogbo†, 
In-Hwan Oh†, Foluke Adetola Ojelabi†, 
Bolajoko Olubukunola Olusanya†, Jacob Olusegun Olusanya†, 
John Nelson Opio†, Eyal Oren†, Erika Ota†, Hye-Youn Park†, 
Jae-Hyun Park†, Snehal T Patil†, Scott B Patten†, Vinod K Paul†, 

Katherine Pearson†, Emmanuel Kwame Peprah†, David M Pereira†, 
Norberto Perico†, Konrad Pesudovs†, Max Petzold†, 
Michael Robert Phillips†, Julian David Pillay†, Dietrich Plass†, 
Suzanne Polinder†, Farshad Pourmalek†, David M Prokop†, 
Mostafa Qorbani†, Anwar Rafay†, Kazem Rahimi†, 
Vafa Rahimi-Movaghar†, Mahfuzar Rahman†, 
Mohammad Hifz Ur Rahman†, Sajjad Ur Rahman†, 
Rajesh Kumar Rai†, Sasa Rajsic†, Usha Ram†, Saleem M Rana†, 
Paturi Vishnupriya Rao†, Giuseppe Remuzzi†, David Rojas-Rueda†, 
Luca Ronfani†, Gholamreza Roshandel†, Ambuj Roy†, 
George Mugambage Ruhago†, Mohammad Yahya Saeedi†, 
Rajesh Sagar†, Muhammad Muhammad Saleh†, Juan R Sanabria†, 
Itamar S Santos†, Rodrigo Sarmiento-Suarez†, Benn Sartorius†, 
Monika Sawhney†, Aletta E Schutte†, David C Schwebel†, 
Soraya Seedat†, Sadaf G Sepanlou†, Edson E Servan-Mori†, 
Masood Ali Shaikh†, Rajesh Sharma†, Jun She†, Sara Sheikhbahaei†, 
Jiabin Shen†, Kenji Shibuya†, Hwashin Hyun Shin†, 
Inga Dora Sigfusdottir†, Naris Silpakit†, Diego Augusto Santos Silva†, 
Dayane Gabriele Alves Silveira†, Edgar P Simard†, Shireen Sindi†, 
Jasvinder A Singh†, Om Prakash Singh†, Prashant Kumar Singh†, 
Vegard Skirbekk†, Karen Sliwa†, Samir Soneji†, Reed J D Sorensen†, 
Joan B Soriano†, David O Soti†, Chandrashekhar T Sreeramareddy†, 
Vasiliki Stathopoulou†, Nicholas Steel†, Bruno F Sunguya†, 
Soumya Swaminathan†, Bryan L Sykes†, Rafael Tabarés-Seisdedos†, 
Roberto Tchio Talongwa†, Mohammad Tavakkoli†, Bineyam Taye†, 
Bemnet Amare Tedla†, Tesfaye Tekle†, Girma Temam Shifa†, 
Awoke Misganaw Temesgen†, Abdullah Sulieman Terkawi†, 
Fisaha Haile Tesfay†, Gizachew Assefa Tessema†, Kiran Thapa†, 
Alan J Thomson†, Andrew L Thorne-Lyman†, Ruoyan Tobe-Gai†, 
Roman Topor-Madry†, Jeff rey Allen Towbin†, Bach Xuan Tran†, 
Zacharie Tsala Dimbuene†, Nikolaos Tsilimparis†, Abera Kenay Tura†, 
Kingsley Nnanna Ukwaja†, Chigozie Jesse Uneke†, 
Olalekan A Uthman†, N Venketasubramanian†, Sergey K Vladimirov†, 
Vasiliy Victorovich Vlassov†, Stein Emil Vollset†, Linhong Wang†, 
Elisabete Weiderpass†, Robert G Weintraub†, Andrea Werdecker†, 
Ronny Westerman†, Tissa Wijeratne†, James D Wilkinson†, 
Charles Shey Wiysonge†, Charles D A Wolfe†, Sungho Won†, 
John Q Wong†, Gelin Xu†, Ajit Kumar Yadav†, Bereket Yakob†, 
Ayalnesh Zemene Yalew†, Yuichiro Yano†, Mehdi Yaseri†, 
Henock Gebremedhin Yebyo†, Paul Yip†, Naohiro Yonemoto†, 
Seok-Jun Yoon†, Mustafa Z Younis†, Chuanhua Yu†, Shicheng Yu†, 
Zoubida Zaidi†, Maysaa El Sayed Zaki†, Hajo Zeeb†, Hao Zhang†, 
Yong Zhao†, Sanjay Zodpey†, Leo Zoeckler†, Liesl Joanna Zuhlke†, 
Alan D Lopez‡, Christopher J L Murray‡ 
*Corresponding author. †Authors listed alphabetically. ‡Joint senior 
authors.

Affi  liations 
Institute for Health Metrics and Evaluation (H Wang PhD, 
T M Wolock BA, A Carter BS, G Nguyen BA, H H Kyu PhD, 
Prof E Gakidou PhD, S I Hay DSc, W Msemburi MPhil, M M Coates BS, 
M D Mooney BS, M S Fraser BA, A Sligar MPH, Prof H J Larson PhD, 
J Friedman BA, A Brown MA, Prof L Dandona MD, N Fullman MPH, 
J Haagsma PhD, I Khalil MD, Prof H J Larson PhD, S S Lim PhD, 
J Mikesell BS, A H Mokdad PhD, M Moradi-Lakeh MD, K Pearson BA, 
N Silpakit BS, R J D Sorensen MPH, A M Temesgen PhD, 
Prof S E Vollset DrPH, L Zoeckler BA, Prof C J L Murray DPhil), 
University of Washington, Seattle, WA, USA (R Alfonso-Cristancho PhD, 
K M Harun MPH, D M Prokop BS); University of Ottawa, Ottawa, ON, 
Canada (E J Mills PhD); School of Social and Community Medicine, 
University of Bristol, Bristol, UK (A Trickey MSc); Harvard T H Chan 
School of Public Health (O N Ajala MD, Prof T Bärnighausen MD, 
E L Ding ScD, M S Farvid PhD), Department of Nutrition, T H Chan 
School of Public Health (A L Thorne-Lyman ScD), Channing Division of 
Network Medicine, Brigham & Women’s Hospital, Harvard Medical 
School (Prof S Won PhD), Harvard University, Boston, MA, USA 
(J R A Fitchett MBBS, Prof J Salomon PhD); School of Public Health 
(A A Abajobir MPH), School of Population Health (D G Hoy PhD), 
The University of Queensland, Brisbane, QLD, Australia 
(N K M Alam MPH); Jimma University, Jimma, Ethiopia 
(K H Abate MS, T T Ghiwot MPH, A T Gebremedhin MPH); Virginia 



Articles

e382 www.thelancet.com/hiv   Vol 3   August 2016

Tech, Blacksburg, VA, USA (Prof K M Abbas PhD); Aswan University 
Hospital, Aswan, Egypt (M M Abd El Razek MBBCh); Department of 
Neurology, Cairo University, Cairo, Egypt (Prof F Abd-Allah MD); 
New York University Abu Dhabi, Abu Dhabi, United Arab Emirates 
(A M Abdulle PhD); School of Public Health, College of Health Sciences 
(S F Abera MSc), School of Public Health (Y A Melaku MPH), College of 
Health Sciences (F H Tesfay MPH), Mekelle University, Mekelle, 
Ethiopia (G Y Abyu MS, T A Bayou BS, B D Betsu MPH, 
A A Gebru MPH, G B Hailu MSc, T Tekle MPH, A Z Yalew MS, 
H G Yebyo MS); Kilte Awlaelo Health and Demographic Surveillance 
System, Mekelle, Ethiopia (S F Abera MSc, A A Gebru MPH, 
G B Hailu MSc); University College London, London, UK 
(Prof I Abubakar PhD, R W Aldridge MSc); Infectious Disease 
Epidemiology Group, Weill Cornell Medical College in Qatar, Doha, 
Qatar (L J Abu-Raddad PhD); Institute of Community and Public Health, 
Birzeit University, Ramallah, Palestine (N M E Abu-Rmeileh PhD); 
College of Medicine (A O Adebiyi MD), Department of Sociology 
(I A Adedeji MS), University of Ibadan, Ibadan, Nigeria 
(A L Adelekan MPH, F A Ojelabi MPH); University College Hospital, 
Ibadan, Nigeria (A O Adebiyi MD); Olabisi Onabanjo University, 
Ago-Iwoye, Nigeria (I A Adedeji MS); Public Health Promotion Alliance, 
Osogbo, Nigeria (A L Adelekan MPH); Kwame Nkrumah University of 
Science and Technology, Kumasi, Ghana (K Adofo PhD); Association 
Ivoirienne pour le Bien-Être Familial, Abidjan, Côte d’Ivoire 
(A K Adou MD); University of Pittsburgh Medical Center, McKeesport, 
PA, USA (O N Ajala MD); Department of Epidemiology 
(T F Akinyemiju PhD), University of Alabama at Birmingham, 
Birmingham, AL, USA (D C Schwebel PhD, J A Singh MD); Hospital for 
Sick Children, Toronto, ON, Canada (N Akseer MS); University of 
Toronto, Toronto, ON, Canada (N Akseer MS); Baghdad College of 
Medicine, Baghdad, Iraq (F H Al Lami PhD); Washington University in 
Saint Louis, St Louis, MO, USA (Z Al-Aly MD); Murdoch Childrens 
Research Institute, Melbourne, VIC, Australia (K Alam PhD, 
R G Weintraub MBBS); General Practice and Primary Health Care 
Academic Centre (P P Chiang PhD), Departments of Medicine and the 
Florey (A Meretoja PhD), Melbourne School of Population and Global 
Health (Prof A D Lopez PhD), The University of Melbourne, Melbourne, 
VIC, Australia (K Alam PhD, R G Weintraub MBBS, 
Prof T Wijeratne PhD); Sydney School of Public Health 
(Prof T R Driscoll PhD), The University of Sydney, Sydney, NSW, 
Australia (K Alam PhD, Prof A H Kemp PhD, J Leigh PhD, A B 
Mekonnen MS); Queensland Health, Herston, QLD, Australia 
(N K M Alam MPH); Malaria and Other Parasitic Diseases Division 
(C K Karema MSc), Ministry of Health, Al Khuwair, Oman 
(D Alasfoor MSc); King Saud University, Riyadh, Saudi Arabia 
(S F S Aldhahri MD); Department of Anesthesiology (A S Terkawi MD), 
King Fahad Medical City, Riyadh, Saudi Arabia (S F S Aldhahri MD); 
Department of Preventive and Social Medicine (M A Alegretti MD), 
School of Medicine (A V Aleman MD), University of the Republic, 
Montevideo, Uruguay; Debre Markos University, Addis Ababa, Ethiopia 
(Z A Alemu MPH); NIHR Musculoskeletal Biomedical Research Centre 
(Prof C Cooper FMedSci), Nuffi  eld Department of Medicine 
(A Deribew PhD), Department of Zoology (P W Gething PhD), 
University of Oxford, Oxford, UK (R Ali FRCP, D A Bennett PhD, 
D Bisanzio PhD, K Rahimi DM); Luxembourg Institute of Health, 
Strassen, Luxembourg (A Alkerwi PhD); School of Public Health, 
University of Lorraine, Nancy, France (Prof F Alla PhD); Malaria and 
Other Parasitic Diseases Division (C K Karema MSc), Ministry of Health, 
Riyadh, Saudi Arabia (R M S Al-Raddadi PhD, M Y Saeedi PhD); Charité 
Universitätsmedizin, Berlin, Germany (U Alsharif MPH); Government, 
Madrid, Spain (E Alvarez PhD); Universidad de Cartagena, Cartagena de 
Indias, Colombia (Prof N Alvis-Guzman PhD); Department of 
Epidemiology (A T Amare MPH), Department of Psychiatry, University 
Medical Center Groningen (Prof H W Hoek MD), University of 
Groningen, Groningen, Netherlands (A K Tura MPH); College of 
Medicine and Health Sciences, Bahir Dar University, Bahir Dar, Ethiopia 
(A T Amare MPH); Discipline of Psychiatry, School of Medicine 
(A T Amare MPH), School of Medicine (Y A Melaku MPH), University 
of Adelaide, Adelaide, SA, Australia (L G Ciobanu MS, G A Tessema 
MPH); Dignitas International, Zomba, Malawi (A Amberbir PhD); 
University of Cape Coast, Cape Coast, Ghana (A K Amegah PhD); 

Ministry of Public Health, Beirut, Lebanon (W Ammar PhD, 
H L Harb MPH); Oregon Health & Science University, Portland, OR, 
USA (S M Amrock MD); Department of Health Policy and 
Administration, College of Public Health, University of the Philippines 
Manila, Manila, Philippines (C A T Antonio MD); Self-employed, Kabul, 
Afghanistan (P Anwari MS); Department of Medical Sciences, Uppsala 
University, Uppsala, Sweden (Prof J Ärnlöv PhD, Prof A Larsson PhD); 
Dalarna University, Falun, Sweden (Prof J Ärnlöv PhD); Consultant, 
Windsor, ON, Canada (A Artaman PhD); Department of Medical 
Emergency, School of Paramedic, Qom University of Medical Sciences, 
Qom, Iran (H Asayesh PhD); South Asian Public Health Forum, 
Islamabad, Pakistan (R J Asghar MD); Mashhad University of Medical 
Sciences, Mashhad, Iran (R Assadi PhD); Graduate Institute of 
Biomedical Informatics, Taipei Medical University, Taipei, Taiwan 
(S Atique MS); Wellness, Human Services and Gender Relations, 
Ministry of Health, Castries, Saint Lucia (L S Atkins MPH); Africare 
Benin, Cotonou, Benin (E F G A Avokpaho MPH); LERAS Afrique, 
Parakou, Benin (E F G A Avokpaho MPH); Sanjay Gandhi Postgraduate 
Institute of Medical Sciences, Lucknow, India (A Awasthi MSc, 
E Bhatia MD); The Judith Lumley Centre for Mother, Infant and Family 
Health Research, La Trobe University, Melbourne, VIC, Australia 
(B P Ayala Quintanilla PhD); Peruvian National Institute of Health, 
Lima, Peru (B P Ayala Quintanilla PhD); School of Health Sciences, 
University of Management and Technology, Lahore, Pakistan 
(U Bacha PhD); Public Health Agency of Canada, Toronto, ON, Canada 
(A Badawi PhD); Faculty of Medicine, University of Belgrade, Belgrade, 
Serbia (A Barac PhD); Wellcome Trust Africa Centre for Health and 
Population Studies, Somkhele, Mtubatuba, South Africa 
(Prof T Bärnighausen MD); School of Health Sciences, University of 
Canterbury, Christchurch, New Zealand (A Basu PhD); Jhpiego-Ethiopia, 
Addis Ababa, Ethiopia (Y T Bayou PhD); Charles R. Drew University of 
Medicine and Science, Los Angeles, CA, USA 
(Prof S Bazargan-Hejazi PhD); University of Oxford, Ho Hi Minh City, 
Vietnam (J Beardsley MBChB); College of Public Health and Tropical 
Medicine, Jazan, Saudi Arabia (N Bedi MD); Internal Medicine 
Department (Prof I S Santos PhD), University of São Paulo, São Paulo, 
Brazil (I M Bensenor PhD, Prof A H Kemp PhD, Prof P A Lotufo 
DrPH); Haramaya University, Harar, Ethiopia (A S Beyene MPH); 
Medical Center (Z A Bhutta PhD), Aga Khan University, Karachi, 
Pakistan (M I Nisar MSc); The Hospital for Sick Children, Toronto, ON, 
Canada (Z A Bhutta PhD); Independent Public Health Consultants, 
Addis Ababa, Ethiopia (S Biadgilign MPH); Department of Nephrology 
Issues of Transplanted Kidney, Academician V I Shumakov Federal 
Research Center of Transplantology and Artifi cial Organs, Moscow, 
Russia (B Bikbov MD); GBS-CIDP International Foundation, Menemen, 
Turkey (S M Birlik BS); Danube-University Krems, Krems, Austria 
(Prof M Brainin PhD); Faculty of Health Sciences and Social Work 
(A Brazinova PhD), Faculty of Health Sciences and Social Work, 
Department of Public Health (M Majdan PhD), Trnava University, 
Trnava, Slovakia; International Neurotrama Research Organization, 
Vienna, Austria (A Brazinova PhD); The Ohio State University, 
Columbus, OH, USA (Prof N J K Breitborde PhD); University of 
Arizona, Tucson, AZ, USA (Prof N J K Breitborde PhD, Prof E Oren 
PhD); Great Ormond Street Hospital for Children, London, UK 
(M Burch MD); Al Shifa Trust Eye Hospital, Rawalpindi, Pakistan 
(Z A Butt PhD); National Institute of Public Health, Cuernavaca, Mexico 
(J C Campuzano PhD, I B Heredia-Pi PhD, Prof E E Servan-Mori MSc); 
Universidad Autonoma Metropolitana, Mexico City, Mexico 
(R Cárdenas ScD); Department of Neurobiology, Care Sciences and 
Society (S Fereshtehnejad MD), Aging Research Center 
(Prof M Kivipelto PhD), Department of Medical Epidemiology and 
Biostatistics (E Weiderpass PhD), Karolinska Institute, Stockholm, 
Sweden (Prof J J Carrero PhD, R Havmoeller PhD, S Sindi PhD); 
Colombian National Health Observatory, Instituto Nacional de Salud, 
Bogotá DC, Colombia (C A Castañeda-Orjuela MSc); Epidemiology and 
Public Health Evaluation Group, Public Health Department, 
Universidad Nacional de Colombia, Bogota, Colombia 
(C A Castañeda-Orjuela MSc); Caja Costarricense de Seguro Social, 
San Jose, Costa Rica (Prof J Castillo Rivas MPH); Universidad de Costa 
Rica, San Pedro, Montes de Oca, Costa Rica (Prof J Castillo Rivas MPH); 
Department of Medicine, CIBERSAM (Prof R Tabarés-Seisdedos PhD) 



Articles

www.thelancet.com/hiv   Vol 3   August 2016 e383

and INCLIVA Health Research Institute, University of Valencia Valencia, 
Spain (F Catalá-López PhD); Clinical Epidemiology Program, Ottawa 
Hospital Research Institute, Ottawa, ON, Canada (F Catalá-López PhD); 
National Health Research Institutes, Zhunan Town, Taiwan 
(Prof H Chang DrPH); National Yang-Ming University, Taipei, Taiwan 
(Prof H Chang DrPH); College of Medicine, National Taiwan University, 
Taipei, Taiwan (Prof J Chang PhD); World Health Organization, 
New Delhi, India (L Chavan MD); Cancer Institute, Chinese Academy of 
Medical Sciences, Beijing, China (W Chen PhD); Malaria Control and 
Elimination Partnership in Africa, PATH, Lusaka, Zambia 
(M Chibalabala BS); University of Zambia, Lusaka, Zambia 
(V H Chisumpa MPhil, C C Mapoma PhD, F Masiye PhD); School of 
Public Health (P de Jager FCPHM), University of the Witwatersrand, 
Johannesburg, South Africa (V H Chisumpa MPhil, 
Prof M Petzold PhD); Seoul National University Hospital (J J Choi PhD), 
College of Medicine (Prof Y Khang MD), Seoul National University, 
Seoul, South Korea (Prof S Won PhD); Seoul National University 
Medical Library, Seoul, South Korea (J J Choi PhD); Christian Medical 
College, Vellore, India (Prof D J Christopher MD); MRC Lifecourse 
Epidemiology Unit, University of Southampton, Southampton, UK 
(Prof C Cooper FMedSci); NIHR Biomedical Research Centre, 
University of Southampton and University Hospital Southampton NHS 
Foundation Trust, Southampton, UK (Prof C Cooper FMedSci); Health 
Systems and Policy Research Unit (S Mohammed PhD), Ahmadu Bello 
University, Zaria, Nigeria (T Dahiru MA); Wolaita Sodo University, 
Wolaita Sodo, Ethiopia (S A Damtew MPH); School of Public Health 
(K Deribe MPH), Addis Ababa University, Addis Ababa, Ethiopia 
(S A Damtew MPH, G Temam Shifa MPH); Centre for Control of 
Chronic Conditions (P Jeemon PhD), Public Health Foundation of India, 
New Delhi, India (Prof L Dandona MD, R Dandona PhD, 
S Goenka PhD, G A Kumar PhD, D K Lal MD, Prof G V S Murthy MD, 
Prof S Zodpey PhD); Instituto de Engenharia Biomédica 
(J das Neves PhD), Instituto de Investigação e Inovação em Saúde 
(J das Neves PhD), REQUIMTE/LAQV, Laboratório de Farmacognosia, 
Departamento de Química, Faculdade de Farmácia 
(Prof D M Pereira PhD), University of Porto, Porto, Portugal; National 
Institute for Occupational Health, National Health Laboratory Service, 
Johannesburg, South Africa (P de Jager FCPHM); Griffi  th University, 
Brisbane, QLD, Australia (Prof D De Leo DSc); National Drug and 
Alcohol Research Centre, University of New South Wales, Sydney, NSW, 
Australia (Prof L Degenhardt PhD); University of Colorado School of 
Medicine and the Colorado School of Public Health, Aurora, CO, USA 
(R P Dellavalle MD); Brighton and Sussex Medical School, Brighton, UK 
(K Deribe MPH); KEMRI-Wellcome Trust Research Programme, Kilifi , 
Kenya (A Deribew PhD); Mount Sinai Beth Israel, New York, NY, USA 
(Prof D C Des Jarlais PhD); Icahn School of Medicine at Mount Sinai, 
New York City, NY, USA (Prof D C Des Jarlais PhD); Department of 
Community Medicine, Faculty of Medicine, University of Peradeniya, 
Peradeniya, Sri Lanka (S D Dharmaratne MD); University of Southern 
California, Los Angeles, CA, USA (P P Doshi BS); Australian National 
University, Canberra, ACT, Australia (Prof K E Doyle PhD); RMIT 
University, Bundoora, VIC, Australia (Prof K E Doyle PhD); 
International Institute for Population Sciences, Mumbai, India 
(M Dubey MPhil, M H U Rahman MPhil, Prof U Ram PhD, 
A K Yadav MPhil); Food Science Department, Faculty of Agriculture, 
University of Tripoli, Tripoli, Libya (Prof Y M Elshrek PhD); 
Eijkman-Oxford Clinical Research Unit, Jakarta, Indonesia 
(I Elyazar PhD); Arba Minch University, Arba Minch, Ethiopia 
(A Y Endries MPH, G Temam Shifa MPH); The Institute of Social and 
Economic Studies of Population, Russian Academy of Sciences, Moscow, 
Russia (Prof S P Ermakov DSc); Federal Research Institute for Health 
Organization and Informatics, Ministry of Health of the Russian 
Federation, Moscow, Russia (Prof S P Ermakov DSc); Ministry of Health 
and Medical Education, Tehran, Iran (B Eshrati PhD); Arak University of 
Medical Sciences, Arak, Iran (B Eshrati PhD); Endocrinology and 
Metabolism Research Center (Prof A Esteghamati MD, 
N Hafezi-Nejad MD, S Sheikhbahaei MD), Non-Communicable Diseases 
Research Center, Endocrinology and Metabolism Population Sciences 
Institute (F Farzadfar MD, A Kasaeian PhD), Hematology-Oncology and 
Stem Cell Transplantation Research Center (A Kasaeian PhD), Digestive 
Diseases Research Institute (Prof R Malekzadeh MD, G Roshandel PhD, 

S G Sepanlou PhD), Sina Trauma and Surgery Research Center 
(Prof V Rahimi-Movaghar MD), Tehran University of Medical Sciences, 
Terhan, Iran (M Yaseri PhD); Department of Infectious Disease 
Epidemiology, London School of Hygiene & Tropical Medicine, London, 
UK (I D A Faghmous MPH, S M Langan PhD, Prof M McKee DSc, 
Prof G V S Murthy MD); DGS Directorate General of Health, Lisbon, 
Portugal (C S Farinha MSc); Universidade Aberta, Lisbon, Portugal 
(C S Farinha MSc); Federal University of Sergipe, Aracaju, Brazil 
(A Faro PhD); Institute for Health Policy, Boston, MA, USA 
(M S Farvid PhD); Pharmacology and Experimental Therapeutics, 
Institute for Biomedical Imaging and Life Sciences, Faculty of Medicine, 
University of Coimbra, Coimbra, Portugal (J C Fernandes PhD); 
Bielefeld University, Bielefeld, Germany (F Fischer MPH); Institute of 
Gerontology, Academy of Medical Science, Kyiv, Ukraine (N Foigt PhD); 
Department of Infectious Disease Epidemiology (T Fürst PhD), Imperial 
College London, London, UK (Prof A Majeed MD); Leras Afrique, 
Cotonou, Benin (F G Gankpé MD); CHU Hassan II, Fès, Morocco 
(F G Gankpé MD); The Task Force for Global Health, Decatur, GA, USA 
(T Gebre PhD); Ludwig Maximilians University, Munich, Germany 
(A T Gebremedhin MPH); Division of Human Nutrition 
(J M Geleijnse PhD), Wageningen University, Wageningen, Netherlands 
(T Jibat MS); Agence de Medecine Preventive, Paris, France 
(B D Gessner MD); University Hospital of Dijon, Dijon, France 
(Prof M Giroud MD); Haramaya University, Dire Dawa, Ethiopia 
(M D Gishu MS, A K Tura MPH); Kersa Health and Demographic 
Surveillance System, Harar, Ethiopia (M D Gishu MS); Heller School for 
Social Policy and Management, Brandeis University, Waltham, MA, USA 
(E Glaser MS); Instituto de Investigaciones Cientifi cas y Servicios de 
Alta Tecnologia—INDICASAT-AIP, City of Knowledge, Panama 
(A Goodridge PhD); Department of Health and Social Aff airs, 
Government of the Federated States of Micronesia, Palikir, Federated 
States of Micronesia (S V Gopalani MPH); Department of Public Health, 
Tokyo Women’s Medical University, Tokyo, Japan (A Goto MD); 
Departments of Microbiology and Epidemiology & Biostatistics, 
Saint James School of Medicine, The Quarter, Anguilla 
(Prof H C Gugnani PhD); Federal University of Minas Gerais, 
Belo Horizonte, Brazil (Prof M D C Guimaraes MD); West Virginia 
Bureau for Public Health, Charleston, WV, USA (R Gupta MD); Eternal 
Heart Care Centre and Research Institute, Jaipur, India (R Gupta PhD); 
University of Delhi, Delhi, India (V Gupta PhD); New York University, 
New York, NY, USA (Prof H Hagan PhD); Arabian Gulf University, 
Manama, Bahrain (Prof R R Hamadeh DPhil); Hamdan Bin Mohammed 
Smart University, Dubai, United Arab Emirates (S Hamidi PhD); 
Wayne County Department of Health and Human Services, Detroit, MI, 
USA (M Hammami MD); School of Medicine and Pharmacology, 
The University of Western Australia, Perth, WA, Australia 
(Prof G J Hankey MD); Harry Perkins Institute of Medical Research, 
Nedlands, WA, Australia (Prof G J Hankey MD); Western Australian 
Neuroscience Research Institute, Nedlands, WA, Australia 
(Prof G J Hankey MD); School of Public Health, Sun Yat-Sen University, 
Guangzhou, China (Prof Y Hao PhD); Sree Chitra Tirunal Institute for 
Medical Sciences and Technology, Trivandrum, India 
(S Harikrishnan DM); Research and Development Unit 
(A Koyanagi MD), Parc Sanitari Sant Joan de Déu (CIBERSAM), 
Barcelona, Spain (J M Haro MD); Universitat de Barcelona, Barcelona, 
Spain (J M Haro MD); Kenyatta University, Nairobi, Kenya 
(K M Harun MPH); Mazandaran University of Medical Sciences, Sari, 
Iran (Prof M T Hedayati PhD); Department of Epidemiology 
(Prof H W Hoek MD), Columbia University, New York, NY, USA 
(Prof V Skirbekk PhD); Nevada Division of Behavior and Public Health, 
Carson City, NV, USA (M Horino MPH); Fielding School of Public 
Health, University of California Los Angeles, Los Angeles, CA, USA 
(M Horino MPH); Yokohama City University School of Medicine, 
Yokohama, Japan (N Horita MD); Albert Einstein College of Medicine, 
Bronx, NY, USA (Prof H D Hosgood PhD); Public Health Division, 
Secretariat of the Pacifi c Community, Noumea, New Caledonia 
(D G Hoy PhD); National Institute of Public Health, Tunis, Tunisia 
(Prof M Hsairi MD); Department of Epidemiology and Health Statistics, 
School of Public Health, Central South University, Changsha, China 
(G Hu PhD); Cambridge Health Alliance, Cambridge, MA, USA 
(H Huang MD); Yale University, New Haven, CT, USA (J J Huang MD); 



Articles

e384 www.thelancet.com/hiv   Vol 3   August 2016

Aarhus University, Aarhus, Denmark (K M Iburg PhD); Bashkir State 
Medical University, Ufa, Russia (B T Idrisov MD); Boston Medical 
Center, Boston University, Boston, MA, USA (B T Idrisov MD); 
National Institute for Health Development, Tallinn, Estonia 
(K Innos PhD); Indian Institute of Public Health Gandhinagar, 
Ahmedabad, India (V J Iyer MPH); Department of Global and 
Community Health, George Mason University, Fairfax, VA, USA 
(K H Jacobsen PhD); School of Public Health, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran (N Jahanmehr PhD); 
University of Kragujevac Faculty of Medical Sciences, Kragujevac, Serbia 
(Prof M B Jakovljevic PhD); University of Aberdeen, Aberdeen, UK 
(M Javanbakht PhD); Postgraduate Institute of Medicine, Colombo, 
Sri Lanka (A U Jayatilleke PhD); Institute of Violence and Injury 
Prevention, Colombo, Sri Lanka (A U Jayatilleke PhD); Postgraduate 
Institute of Medical Education and Research, Chandigarh, India 
(Prof V Jha DM); Tianjin Centers for Disease Control and Prevention, 
Tianjin, China (G Jiang MD); Department of Health Development, 
Institute of Industrial Ecological Sciences, Department of 
Environmental Epidemiology, University of Occupational and 
Environmental Health, Kitakyushu, Japan (Y Jiang PhD); School of 
Public Health (K Deribe MPH), Addis Ababa University, Debre Zeit, 
Ethiopia (T Jibat MS); Department of Ophthalmology, Medical Faculty 
Mannheim, Ruprecht-Karls-University Heidelberg, Mannheim, 
Germany (Prof J B Jonas MD); University College Cork, Cork, Ireland 
(Z Kabir PhD); CSIR-Indian Institute of Toxicology Research, Lucknow, 
India (R Kamal MSc, C N Kesavachandran PhD); Zhongshan Hospital 
(J She MD), Department of Nephrology, Zhongshan Hospital 
(H Zhang PhD), Fudan University, Shanghai, China (H Kan MD); 
Epidemiological and Statistical Methods Research Group, Helmholtz 
Centre for Infection Research, Braunschweig, Germany (A Karch MD); 
Hannover-Braunschweig Site, German Center for Infection Research, 
Braunschweig, Germany (A Karch MD); Clinton Health Access 
Initiative, Boston, MA, USA (D Karletsos MS); Oklahoma State 
University, Tulsa, OK, USA (A Kaul MD); School of Public Health 
(Prof N Kawakami MD), The University of Tokyo, Tokyo, Japan 
(K Shibuya MD); Ottawa Health Research Institute, Ottawa, ON, Canada 
(J F Kayibanda PhD); Institute of tropical and infectious diseases, 
Nairobi, Kenya (P N Keiyoro PhD); School of Continuing and Distance 
Education, Nairobi, Kenya (P N Keiyoro PhD); South African Medical 
Research Council, Cape Town, South Africa (A P Kengne PhD); Faculty 
of Health Sciences, Hatter Institute for Cardiovascular Research in 
Africa (Prof K Sliwa PhD), University of Cape Town, Cape Town, South 
Africa (A P Kengne PhD, Prof B M Mayosi DPhil); Jordan University of 
Science and Technology, Irbid, Jordan (Prof Y S Khader ScD); University 
of Louisville, Louisville, KY, USA (A R Khan MD); Health Services 
Academy, Islamabad, Pakistan (E A Khan MPH); Expanded Programme 
on Immunization, Islamabad, Pakistan (E A Khan MPH); Ball State 
University, Muncie, IN, USA (J Khubchandani PhD); Southern 
University College, Skudai, Malaysia (Y J Kim PhD); University of 
Canberra, Canberra, ACT, Australia (Y Kinfu PhD); Department of 
Preventive Cardiology, National Cerebral and Cardiovascular Center, 
Suita, Japan (Y Kokubo PhD); Center for Community Empowerment, 
Health Policy and Humanities, NIHRD, Jakarta, Indonesia 
(S Kosen MD); Sherikashmir Institute of Medical Sciences, Srinagar, 
India (Prof P A Koul MD); Department of Demography and Public 
Health Research Institute (Prof B Kuate Defo PhD), Department of 
Social and Preventive Medicine, School of Public Health 
(Prof B Kuate Defo PhD), University of Montreal, Montreal, QC, Canada; 
Institute of Public Health, Hacettepe University, Ankara, Turkey 
(B Kucuk Bicer PhD); Arkansas State University, State University, AK, 
USA (V S Kulkarni PhD); Institute of Health Policy and Development 
Studies, National Institutes of Health, Manila, Philippines 
(Prof H Lam PhD); Bloomberg School of Public Health (J O Lam MPH), 
Johns Hopkins University, Baltimore, MD, USA (B X Tran PhD); Help 
Me See, Inc, New York, NY, USA (V C Lansingh PhD); Instituo Mexicano 
de Oftalmologia, Queretaro, Mexico (V C Lansingh PhD); State 
University of New York Albany, Rensselaer, NY, USA (R Leung PhD); 
San Francisco VA Medical Center, San Francisco, CA, USA (Y Li PhD); 
School of Medicine, Wayne State University, Miami, FL, USA 
(Prof S E Lipshultz MD); Children’s Hospital of Michigan, Detroit, MI, 
USA (Prof S E Lipshultz MD, Prof J D Wilkinson MD); National Center 

for Chronic and Noncommunicable Disease Control and Prevention 
(S Liu PhD, Prof L Wang MD), Chinese Center for Disease Control and 
Prevention, Beijing, China (Prof S Yu PhD); Eastern Health Clinical 
School, Monash University, Fitzroy, VIC, Australia (B K Lloyd PhD); 
Turning Point, Eastern Health, Melbourne, VIC, Australia 
(B K Lloyd PhD); University of Bari, Bari, Italy (Prof G Logroscino PhD); 
Aintree University Hospital National Health Service Foundation Trust, 
Liverpool, UK (Prof R Lunevicius PhD); School of Medicine, University 
of Liverpool, Liverpool, UK (Prof R Lunevicius PhD); Mansoura Faculty 
of Medicine, Mansoura, Egypt (H Magdy Abd El Razek BA, 
Prof M E Zaki PhD); Department of Public Health, University Medical 
Center (S Polinder PhD), Erasmus University Rotterdam, Rotterdam, 
Netherlands (M Mahdavi PhD); Iranian Ministry of Health, Tehran, Iran 
(M Mahdavi PhD); JSS Medical College, JSS University, Mysore, India 
(Prof P A Mahesh DNB); Queen Mary University of London, London, 
UK (Prof W Marcenes PhD); Hospital Universitario Doctor Peset, 
Valencia, Spain (J Martinez-Raga MD); University CEU-UCH, Moncada, 
Spain (J Martinez-Raga MD); University of the East Ramon Magsaysay 
Memorial Medical Center, Quezon City, Philippines (M B Marzan MSc); 
Department of Health Sciences, University of York, York, UK 
(A J Mason-Jones PhD); Pereleman School of Medicine, University of 
Pennsylvania, Philadelphia, PA, USA (P A Meaney MD); Children’s 
Hospital of Philadelphia, Philadelphia, PA, USA (P A Meaney MD); 
Janakpuri Superspecialty Hospital, New Delhi, India 
(Prof M M Mehndiratta DM); University of Gondar, Gondar, Ethiopia 
(A B Mekonnen MS, B A Tedla BSc, G A Tessema MPH); University of 
West Florida, Pensacola, FL, USA (P Memiah PhD); Saudi Ministry of 
Health, Riyadh, Saudi Arabia (Prof Z A Memish MD); College of 
Medicine, Alfaisal University, Riyadh, Saudi Arabia 
(Prof Z A Memish MD); United Nations Population Fund, Lima, Peru 
(W Mendoza MD); Department of Neurology, Helsinki University 
Central Hospital, Helsinki, Finland (A Meretoja PhD); Helsinki 
University Hospital, Comprehensive Cancer Center, Breast Surgery 
Unit, Helsinki, Finland (T J Meretoja PhD); University of Helsinki, 
Helsinki, Finland (T J Meretoja PhD); Ifakara Health Institute, 
Bagamoyo, Tanzania (F A Mhimbira MS); Pacifi c Institute for Research 
& Evaluation, Calverton, MD, USA (T R Miller PhD); Curtin University 
Centre for Population Health, Perth, WA, Australia (T R Miller PhD); 
Hunger Action Los Angeles, Los Angeles, CA, USA (M Mirarefi n MPH); 
University of Salahaddin, Erbil, Iraq (K A Mohammad PhD); Institute of 
Public Health, Heidelberg University, Heidelberg, Germany 
(S Mohammed PhD); Institute for Maternal and Child Health, IRCCS 
Burlo Garofolo, Trieste, Italy (L Monasta DSc, L Ronfani PhD); 
Department of Community Medicine, Gastrointestinal and Liver Disease 
Research Center, Iran University of Medical Sciences, Tehran, Iran 
(M Moradi-Lakeh MD); National Center for Child Health and 
Development, Setagaya, Japan (R Mori PhD); Competence Center 
Mortality-Follow-Up of the German National Cohort (A Werdecker PhD), 
Federal Institute for Population Research, Wiesbaden, Germany 
(Prof U O Mueller PhD, R Westerman PhD); Ministry of Health and 
Child Care (AIDS & TB Unit), Bindura, Zimbabwe (B Murimira MS); 
Zimbabwe National Family Planning Council, Harare, Zimbabwe 
(B Murimira MS); International Centre for Diarrhoeal Disease Research 
(ICDDR), Bangladesh, Dhaka, Bangladesh (A Naheed PhD); Azienda 
Ospedaliera papa Giovanni XXIII, Bergamo, Italy (Prof L Naldi MD); 
Suraj Eye Institute, Nagpur, India (Prof V Nangia MD); School of Public 
Health, City University of New York, New York, NY, USA (D Nash PhD); 
Southern Illinois University, Springfi eld, IL, USA (H Nawaz MD); 
Faculty of Medicine, Fez, Morocco (Prof C Nejjari PhD); Ministry of 
Health and Social Welfare, Dar es Salaam, Tanzania 
(F N Ngalesoni MSc); East African Community Health Research 
Commission, Kigali, Rwanda (J D Ngirabega PhD); Institute for Global 
Health Innovations, Duy Tan University, Da Nang, Vietnam 
(Q L Nguyen MD); Department of Global Public Health and Primary 
Care (Prof S E Vollset DrPH), University of Bergen, Bergen, Norway 
(Prof O F Norheim PhD); Institute of Health and Biomedical Innovation, 
Queensland University of Technology, Brisbane, QLD, Australia 
(R E Norman PhD); Makerere University, Kampala, Uganda 
(L Nyakarahuka MPH); Center for Research on Population and Health, 
Faculty of Health Sciences, American University of Beirut, Beirut, 
Lebanon (Prof C M Obermeyer DSc); University of Western Sydney, 



Articles

www.thelancet.com/hiv   Vol 3   August 2016 e385

Sydney, NSW, Australia (F A Ogbo MPH); Department of Preventive 
Medicine, School of Medicine, Kyung Hee University, Seoul, South 
Korea (Prof I Oh PhD); Center for Healthy Start Initiative, Ikoyi, Nigeria 
(B O Olusanya PhD); Centre for Healthy Start Initiative, Lagos, Nigeria 
(J O Olusanya MBA); Lira District Local Government, Lira Municipal 
Council, Uganda (J N Opio MPH); National Research Institute for Child 
Health and Development, Tokyo, Japan (E Ota PhD); California Air 
Resources Board, Sacramento, CA, USA (H Park PhD); Department of 
Social and Preventive Medicine, Samsung Biomedical Research 
Institute, School of Medicine, Sungkyunkwan University, Suwon, South 
Korea (Prof J Park MPH); School of Dental Sciences, Karad, India (S T 
Patil MDS); Department of Community Health Sciences, University of 
Calgary, Calgary, AB, Canada (Prof S B Patten PhD); All India Institute 
of Medical Sciences, New Delhi, India (V K Paul MD, A Roy DM, R 
Sagar MD); National Heart, Lung, and Blood Institute, Bethesda, MD, 
USA (E K Peprah PhD);  Centro Anna Maria Astori, IRCCS Mario Negri 
Institute for Pharmacological Research, Bergamo, Italy (N Perico MD, 
Prof G Remuzzi MD); Flinders University, Adelaide, SA, Australia 
(Prof K Pesudovs PhD, F H Tesfay MPH); Health Metrics Unit, 
Gothenburg, Sweden (Prof M Petzold PhD); Shanghai Jiao Tong 
University School of Medicine, Shanghai, China (Prof M R Phillips MD); 
Rollins School of Public Health (E P Simard PhD), Emory University, 
Atlanta, GA, USA (Prof M R Phillips MD); Durban University of 
Technology, Durban, South Africa (J D Pillay PhD); Section Exposure 
Assessment and Environmental Health Indicators Federal Environment 
Agency, Berlin, Germany (D Plass DrPH); University of British 
Columbia, Vancouver, BC, Canada (F Pourmalek PhD); Department of 
Community Medicine, School of Medicine, Alborz University of Medical 
Sciences, Karaj, Iran (M Qorbani PhD); Contech International Health 
Consultants, Lahore, Pakistan (A Rafay MS, Prof S M Rana PhD); 
Contech School of Public Health, Lahore, Pakistan (A Rafay MS, 
Prof S M Rana PhD); Research and Evaluation Division, BRAC, Dhaka, 
Bangladesh (M Rahman PhD); Hamad Medical Corporation, Doha, 
Qatar (S U Rahman FCPS); Society for Health and Demographic 
Surveillance, Suri, India (R K Rai MPH); ERAWEB Program, UMIT, Hall 
in Tirol, Austria (S Rajsic MD); Diabetes Research Society, Hyderabad, 
India (Prof P V Rao MD); Diabetes Research Center, Hyderabad, India 
(Prof P V Rao MD); Azienda Ospedaliera Papa Giovanni XXIII, 
Bergamo, Italy (Prof G Remuzzi MD); Centre for Research in 
Environmental Epidemiology, ISGlobal, Barcelona, Spain 
(D Rojas-Rueda PhD); Golestan Research Center of Gastroenterology 
and Hepatology, Golestan University of Medical Sciences, Gorgan, Iran 
(G Roshandel PhD); Muhimbili University of Health and Allied 
Sciences, Dar es Salaam, Tanzania (G M Ruhago PhD, B F Sunguya 
MSc); Development Research and Projects Center, Abuja, Nigeria 
(M M Saleh MPH); Case Western Reserve University, Cleveland, OH, 
USA (J R Sanabria MD); Cancer Treatment Centers of America, RFU 
Chicago Medical School, North Chicago, IL, USA (J R Sanabria MD); 
Universidad Ciencias Aplicadas y Ambientales, Bogotá DC, Colombia 
(R Sarmiento-Suarez MPH); University of KwaZulu-Natal, Durban, 
South Africa (Prof B Sartorius PhD, B Yakob MPH); Marshall University, 
Huntington, WV, USA (M Sawhney PhD); Hypertension in Africa 
Research Team, North-West University, Potchefstroom, South Africa 
(Prof A E Schutte PhD); South African Medical Research Council, 
Potchefstroom, South Africa (Prof A E Schutte PhD); Stellenbosch 
University, Cape Town, South Africa (Prof S Seedat PhD, 
Prof C S Wiysonge PhD); Independent Consultant, Karachi, Pakistan 
(M A Shaikh MD); Indian Institute of Technology Ropar, Roopnagar, 
India (R Sharma MA); Research Institute at Nationwide Children’s 
Hospital, Columbus, OH, USA (J Shen PhD); The Ohio State University 
College of Medicine, Columbus, OH, USA (J Shen PhD); Health 
Canada, Ottawa, ON, Canada (H H Shin PhD); Reykjavik University, 
Reykjavik, Iceland (I D Sigfusdottir PhD); Federal University of Santa 
Catarina, Florianopolis, Brazil (D A S Silva PhD); Brasília University, 
Brasília, Brazil (D G A Silveira MD); Department of Medicine, Institute 
of Medical Sciences, Banaras Hindu University, Varanasi, India 
(O P Singh PhD); Institute for Human Development, New Delhi, India 
(P K Singh PhD); Norwegian Institute of Public Health, Oslo, Norway 
(Prof V Skirbekk PhD); Dartmouth College, Lebanon, NH, USA 
(S Soneji PhD); Instituto de Investigación Hospital Universitario de la 
Princesa, Universidad Autónoma de Madrid, Cátedra UAM-Linde, 

Palma de Mallorca, Spain (Prof J B Soriano PhD); Malaria and Other 
Parasitic Diseases Division (C K Karema MSc), Ministry of Health, 
Nairobi, Kenya ( D O Soti MPH); Department of Community Medicine, 
International Medical University, Kuala Lumpur, Malaysia 
(C T Sreeramareddy MD); Attikon University Hospital, Athens, Greece 
(V Stathopoulou PhD); University of East Anglia, Norwich, UK 
(Prof N Steel PhD); Public Health England, London, UK 
(Prof N Steel PhD); National Institute for Research in Tuberculosis, 
Chennai, India (S Swaminathan MD); Departments of Criminology, Law 
& Society, Sociology, and Public Health, University of California-Irvine, 
Irvine, CA, USA (Prof B L Sykes PhD); Ministry of Health, MINSANTE, 
Yaounde, Cameroon (R T Talongwa MD); Westchester Medical Center, 
Valhalla, NY, USA (M Tavakkoli MD); Addis Ababa university, Addis 
Ababa, Ethiopia (B Taye PhD); James Cook University, Cairns, QLD, 
Australia (B A Tedla BSc); Department of Anesthesiology, University of 
Virginia, Charlottesville, VA, USA (A S Terkawi MD); Outcomes 
Research Consortium, Cleveland Clinic, Cleveland, OH, USA 
(A S Terkawi MD); Institute of Medicine, Kathmandu, Nepal 
(K Thapa BPH); Adaptive Knowledge Management, Victoria, BC, Canada 
(A J Thomson PhD); WorldFish, Penang, Malaysia 
(A L Thorne-Lyman ScD); National Center for Child Health and 
Development, Tokyo, Japan (R Tobe-Gai PhD); Institute of Public Health, 
Jagiellonian University, Krakow, Poland (R Topor-Madry PhD); Casimir 
the Great Foundation of Innovation and Development, Krakow, Poland 
(R Topor-Madry PhD); Le Bonheur Children’s Hospital, Memphis, TN, 
USA (Prof J A Towbin MD); University of Tennessee Health Science 
Center, Memphis, TN, USA (Prof J A Towbin MD); St Jude Children’s 
Research Hospital, Memphis, TN, USA (Prof J A Towbin MD); Hanoi 
Medical University, Hanoi, Vietnam (B X Tran PhD); Department of 
Population Sciences and Development, Faculty of Economics and 
Management, University of Kinshasa, Kinshasa, Democratic Republic of 
the Congo (Z Tsala Dimbuene PhD); University Heart Center of 
Hamburg, Hamburg, Germany (N Tsilimparis PhD); Department of 
Internal Medicine, Federal Teaching Hospital, Abakaliki, Nigeria 
(K N Ukwaja MD); Ebonyi State University, Abakaliki, Nigeria 
(C J Uneke PhD); Warwick Medical School, University of Warwick, 
Coventry, UK (O A Uthman PhD); Raffl  es Neuroscience Centre, Raffl  es 
Hospital, Singapore, Singapore (N Venketasubramanian FRCP[Edin]); 
Federal Research Institute for Health Organization and Informatics, 
Moscow, Russia (S K Vladimirov PhD); National Research University 
Higher School of Economics, Moscow, Russia (Prof V V Vlassov MD); 
Norwegian Institute of Public Health, Bergen, Norway 
(Prof S E Vollset DrPH); Department of Research, Cancer Registry of 
Norway Institute of Population-Based Cancer Research, Oslo, Norway 
(E Weiderpass PhD); Department of Community Medicine, Faculty of 
Health Sciences, University of Tromsø, The Arctic University of Norway, 
Tromsø, Norway (E Weiderpass PhD); Genetic Epidemiology Group, 
Folkhälsan Research Center, Helsinki, Finland (E Weiderpass PhD); 
Royal Children’s Hospital, Melbourne, VIC, Australia 
(R G Weintraub MBBS); German National Cohort Consortium, 
Heidelberg, Germany (R Westerman PhD); Western Health Footscray, 
VIC, Australia (Prof T Wijeratne MD); School of Medicine, Wayne State 
University, Detroit, MI, USA (Prof J D Wilkinson MD); Division of 
Health and Social Care Research, King’s College London, London, UK 
(Prof C D A Wolfe MD); National Institute for Health Research 
Comprehensive Biomedical Research Centre, Guy’s & St Thomas’ NHS 
Foundation Trust and King’s College London, London, UK 
(Prof C D A Wolfe MD); Ateneo School of Medicine and Public Health, 
Manila University, Pasig City, Philippines (J Q Wong MD); Department 
of Neurology, Jinling Hospital, Nanjing University School of Medicine, 
Nanjing, China (Prof G Xu PhD); Department of Preventive Medicine, 
Northwestern University, Chicago, IL, USA (Y Yano MD); Ophthalmic 
Research Center, Tehran, Iran (M Yaseri PhD); University of Zurich, 
Zurich, Switzerland (H G Yebyo MS); Social Work and Social 
Administration Department (Prof P Yip PhD), The Hong Kong Jockey 
Club Centre for Suicide Research and Prevention (Prof P Yip PhD), 
University of Hong Kong, Hong Kong, China; Department of 
Biostatistics, School of Public Health, Kyoto University, Kyoto, Japan 
(N Yonemoto MPH); Department of Preventive Medicine, College of 
Medicine, Korea University, Seoul, South Korea (S Yoon PhD); Jackson 
State University, Jackson, MS, USA (Prof M Z Younis DrPH); 



Articles

e386 www.thelancet.com/hiv   Vol 3   August 2016

Department of Epidemiology and Biostatistics, School of Public Health 
(Prof C Yu PhD), Global Health Institute (Prof C Yu PhD), Wuhan 
University, Wuhan, China; University Hospital, Setif, Algeria 
(Prof Z Zaidi PhD); Leibniz Institute for Prevention Research and 
Epidemiology, Bremen, Germany (Prof H Zeeb PhD); Shanghai Institute 
of Kidney Disease and Dialysis, Shanghai, China (H Zhang PhD); 
Chongqing Medical University, Chongqing, China (Prof Y Zhao MSc); 
Red Cross War Memorial Children’s Hospital, Cape Town, South Africa 
(L J Zuhlke PhD).

Contributors
CJLM and HW prepared the fi rst draft and fi nalised the draft based on 
comments from other authors and reviewer feedback. CJLM conceived 
the study and provided overall guidance. All other authors provided data, 
developed models, reviewed results, initiated modelling infrastructure, 
and reviewed and contributed to the report.

Declaration of interests
RA-C has been a GlaxoSmithKline (GSK) employee and shareholder. 
CAA reports grants and personal fees from Johnson & Johnson 
(Philippines). CC reports a fi nancial relationship with Alliance for Better 
Bone Health, Amgen, Eli Lilly, GSK, Medtronic, Merck, Novartis, Pfi zer, 
Roche, Servier, Takeda, and UCB. LD reports grants from Mundipharma, 
Reckitt Benckiser. BDG reports grants from Crucell, GSK, Hilleman Labs, 
Novartis, Pfi zer, Merck, and Sanofi  Pasteur. JBJ reports personal fees from 
consultancy with Mundipharma (Cambridge, UK); and has a patent 
application with University of Heidelberg (Heidelberg, Germany; Agents 
for use in the therapeutic or prophylactic treatment of myopia or 
hyperopia, Europäische Patentanmeldung 15000 771.4), is a patent holder 
with Biocompatibles UK (Franham, Surrey, UK; Treatment of eye diseases 
by use of encapsulated cells encoding and secreting neuroprotective factor 
and/or anti-angiogenic factor; patent number 20120263794). HJL reports 
personal fees from GSK, service on the Vaccine Strategic Advisory Board 
from Merck Vaccines (honorarium for meetings goes to the London 
School of Hygiene & Tropical Medicine), and grants from Novartis. 
PAL reports honoraria for lectures from Abbvie (Brazil). DCS reports 
grants from Vipaar and Carr & Carr. JAS reports paid consultancy for 
Savient, Takeda, Regeneron, Iroko, Merz, Bioiberica, Crealta, Allergan, 
UBM, WebMD, and the American College of Rheumatology and grants or 
grants pending from Takeda and Savient. JAS serves as the principal 
investigator for an investigator-initiated study funded by Horizon 
Pharmaceuticals through a grant to DINORA, a 501c3 entity, and is on the 
steering committee of OMERACT, an international organisation that 
develops measures for clinical trials and receives “arm’s length” funding 
from 36 pharmaceutical companies. RGW reports personal fees from 
Actelion Pharmaceuticals. All other authors declare no competing interests.

Acknowledgments
We thank the countless individuals who have contributed to the Global 
Burden of Disease (GBD) Study 2015 in various capacities. We specifi cally 
thank Jeff rey Eaton and John Stover. HW and CJLM received funding for 
this study from the Bill & Melinda Gates Foundation; the National 
Institute of Mental Health, National Institutes of Health (NIH; 
R01MH110163); and the National Institute on Aging, NIH (P30AG047845). 
LJAR acknowledges the support of Qatar National Research Fund 
(NPRP 04-924-3-251) who provided the main funding for generating the 
data provided to the GBD–Institute for Health Metrics and Evaluation 
eff ort. BPAQ acknowledges institutional support from PRONABEC 
(National Program of Scholarship and Educational Loan), provided by the 
Peruvian government. DB is supported by the Bill & Melinda Gates 
Foundation (grant number OPP1068048). JDN was supported in his 
contribution to this work by a Fellowship from Fundação para a Ciência e a 
Tecnologia, Portugal (SFRH/BPD/92934/2013). KD is supported by a 
Wellcome Trust Fellowship in Public Health and Tropical Medicine 
(grant number 099876). TF received fi nancial support from the Swiss 
National Science Foundation (SNSF; project number P300P3-154634). 
AG acknowledges funding from Sistema Nacional de Investigadores de 
Panamá-SNI. PJ is supported by Wellcome Trust–DBT India Alliance 
Clinical and Public Health Intermediate Fellowship. MK receives research 
support from the Academy of Finland, the Swedish Research Council, 
Alzheimerfonden, Alzheimer’s Research & Prevention Foundation, Center 
for Innovative Medicine (CIMED) at Karolinska Institutet South Campus, 
AXA Research Fund, Wallenberg Clinical Scholars Award from the Knut 

och Alice Wallenbergs Foundation, and the Sheika Salama Bint Hamdan 
Al Nahyan Foundation. AK’s work was supported by the Miguel Servet 
contract fi nanced by the CP13/00150 and PI15/00862 projects, integrated 
into the National R&D&I and funded by the ISCIII (General Branch 
Evaluation and Promotion of Health Research), and the European 
Regional Development Fund (ERDF-FEDER). SML is funded by a National 
Institute for Health Research (NIHR) Clinician Scientist Fellowship (grant 
number NIHR/CS/010/014). HJL reports grants from the NIHR, EU 
Innovative Medicines Initiative, Centre for Strategic & International 
Studies, and WHO. WM is Program analyst, Population and Development, 
in the Peru Country Offi  ce of the United Nations Population Fund, which 
does not necessarily endorse this study. For UOM, funding from the 
German National Cohort Consortium (O1ER1511D) is gratefully 
acknowledged. KR reports grants from NIHR Oxford Biomedical Research 
Centre, NIHR Career Development Fellowship, and Oxford Martin School 
during the conduct of the study. GR acknowledges that work related to this 
paper has been done on the behalf of the GBD Genitourinary Disease 
Expert Group supported by the International Society of Nephrology (ISN). 
ISS reports grants from FAPESP (Brazilian public agency). RSS receives 
institutional support from Universidad de Ciencias Aplicadas y 
Ambientales, UDCA, Bogotá Colombia. SS receives postdoctoral funding 
from the Fonds de la recherche en santé du Québec (FRSQ), including its 
renewal. RTS was supported in part by grant number 
PROMETEOII/2015/021 from Generalitat Valenciana and the national 
grant PI14/00894 from ISCIII-FEDER. PY acknowledges support from 
Strategic Public Policy Research (HKU7003-SPPR-12).

References
1 Murray CJL, Ortblad KF, Guinovart C, et al. Global, regional, and 

national incidence and mortality for HIV, tuberculosis, and malaria 
during 1990–2013: a systematic analysis for the Global Burden of 
Disease Study 2013. Lancet 2014; 384: 1005–70.

2 Ortblad KF, Lozano R, Murray CJL. The burden of HIV: insights 
from the Global Burden of Disease Study 2010. AIDS Lond Engl 
2013; 27: 2003–17.

3 Naghavi M, Wang H, Lozano R, et al. Global, regional, and national 
age-sex specifi c all-cause and cause-specifi c mortality for 240 causes 
of death, 1990–2013: a systematic analysis for the Global Burden of 
Disease Study 2013. Lancet 2015; 385: 117–71.

4 Murray CJL, Barber RM, Foreman KJ, et al. Global, regional, and 
national disability-adjusted life years (DALYs) for 306 diseases and 
injuries and healthy life expectancy (HALE) for 188 countries, 
1990–2013: quantifying the epidemiological transition. Lancet 2015; 
386: 2145–91.

5 Vos T, Barber RM, Bell B, et al. Global, regional, and national 
incidence, prevalence, and years lived with disability for 301 acute 
and chronic diseases and injuries in 188 countries, 1990–2013: 
a systematic analysis for the Global Burden of Disease Study 2013. 
Lancet 2015; 386: 743–800.

6 Ford N, Boulle A, Egger M. Accounting for and responding to 
HIV-associated mortality. AIDS 2016; 30: 521–23.

7 Granich R, Gupta S, Hersh B, et al. Trends in AIDS deaths, new 
infections and ART coverage in the top 30 countries with the highest 
AIDS mortality burden; 1990–2013. PLoS One 2015; 10: e0131353.

8 Schneider MT, Birger M, Haakenstad A, et al. Tracking 
development assistance for HIV/AIDS: the international response 
to a global epidemic. AIDS 2016; 30: 1475–79.

9 Piot P, Abdool Karim SS, Hecht R, et al. Defeating 
AIDS—advancing global health. Lancet 2015; 386: 171–218. 

10 UNAIDS. 90–90–90—an ambitious treatment target to help end the 
AIDS epidemic. Oct 8, 2014. http://www.unaids.org/en/resources/
documents/2014/90-90-90 (accessed May 6, 2016).

11 UNAIDS. On the fast-track to end AIDS. UNAIDS strategy 
2016-2021. Aug 10, 2015. http://www.unaids.org/en/resources/
documents/2015/UNAIDS_PCB37_15-18 (accessed May 6, 2016).

12 Dieleman JL, Murray CJL, Haakenstad A, et al. Financing global 
health 2015: development assistance steady on the path to new 
global goals. http://www.healthdata.org/policy-report/fi nancing-
global-health-2015-development-assistance-steady-path-new-global-
goals (accessed May 6, 2016).

13 Dieleman JL, Schneider MT, Haakenstad A, et al. Development 
assistance for health: past trends, associations, and the future of 
international fi nancial fl ows for health. Lancet 2016; published 
online April 13. http://dx.doi.org/10.1016/S0140-6736(16)30168-4.



Articles

www.thelancet.com/hiv   Vol 3   August 2016 e387

14 UNAIDS. How AIDS changed everything—MDG6: 15 years, 
15 lessons of hope from the AIDS response. July 14, 2016. http://www.
unaids.org/en/resources/documents/2015/MDG6_15years-
15lessonsfromtheAIDSresponse (accessed May 6, 2016).

15 GBD Mortality and Causes of Death Collaborators. Global, regional, 
and national life expectancy, all-cause and cause-specifi c mortality for 
249 causes of death, 1980–2015: a systematic analysis for the Global 
Burden of Disease Study 2015. Lancet (in press).

16 Brown T, Bao L, Eaton JW, et al. Improvements in prevalence trend 
fi tting and incidence estimation in EPP 2013. AIDS 2014; 
28 (suppl 4): S415–25.

17 Hogan DR, Salomon JA. Spline-based modelling of trends in the force 
of HIV infection, with application to the UNAIDS Estimation and 
Projection Package. Sex Transm Infect 2012; 88 (suppl 2): i52–57. 

18 Stover J, Brown T, Marston M. Updates to the Spectrum/Estimation 
and Projection Package (EPP) model to estimate HIV trends for adults 
and children. Sex Transm Infect 2012; 88 (suppl 2): i11–16.

19 Bao L, Salomon JA, Brown T, Raftery AE, Hogan DR. Modelling 
national HIV/AIDS epidemics: revised approach in the UNAIDS 
Estimation and Projection Package 2011. Sex Transm Infect 2012; 
88 (suppl 2): i3–10.

20 Stover J, Andreev K, Slaymaker E, et al. Updates to the spectrum 
model to estimate key HIV indicators for adults and children. 
AIDS 2014; 28 (suppl 4): S427–34.

21 Mahy M, Lewden C, Brinkhof MW, et al. Derivation of parameters 
used in Spectrum for eligibility for antiretroviral therapy and survival 
on antiretroviral therapy. Sex Transm Infect 2010; 86 (suppl 2): ii28–34.

22 Stover J, Johnson P, Hallett T, et al. The Spectrum projection package: 
improvements in estimating incidence by age and sex, mother-to-child 
transmission, HIV progression in children and double orphans. Sex 
Transm Infect 2010; 86 (suppl 2): ii16–21.

23 Stover J, Johnson P, Zaba B, et al. The Spectrum projection package: 
improvements in estimating mortality, ART needs, PMTCT impact 
and uncertainty bounds. Sex Transm Infect 2008; 84 (suppl 1): i24–30.

24 May MT, Ingle SM, Costagliola D, et al. Cohort profi le: Antiretroviral 
Therapy Cohort Collaboration (ART-CC). Int J Epidemiol 2014; 43: 691–
702.

25 The GATHER Working Group. Guidelines for Accurate And 
Transparent Health Estimates Reporting: the GATHER statement. 
Lancet 2016; published online June 28. http://dx.doi.org/10.1016/
S0140-6736(16)30388-9.

26 UNAIDS. Global AIDS update 2016. May 31, 2016. http://www.unaids.
org/sites/default/fi les/media_asset/global-AIDS-update-2016_en.pdf 
(accessed June 8, 2016).

27 UNAIDS. The Gap report. 2014. http://www.unaids.org/en/resources/
documents/2014/20140716_UNAIDS_gap_report (accessed May 6, 
2016). 

28 UNAIDS. Fast-track—ending the AIDS epidemic by 2030. 
Nov 18, 2014. http://www.unaids.org/en/resources/documents/2014/
JC2686_WAD2014report (accessed May 6, 2016).

29 UNAIDS. 2016 High-level meeting on ending AIDS. 2016. 
http://www.unaids.org/en/resources/documents/2016/2016HighLevel
Meeting (accessed May 31, 2016).

30 Dieleman JL, Templin T, Sadat N, et al. National spending on health 
by source for 184 countries between 2013 and 2040. Lancet 2016; 
387: 2521–35.

31 WHO. Consolidated guidelines on the use of antiretroviral drugs for 
treating and preventing HIV infection. June, 2013. http://www.who.
int/hiv/pub/guidelines/arv2013/download/en/ (accessed May 6, 2016).

32 WHO. Consolidated guidelines on the use of antiretroviral drugs for 
treating and preventing HIV infection: what’s new. November, 2015. 
http://www.who.int/hiv/pub/arv/policy-brief-arv-2015/en/ (accessed 
May 6, 2016).

33 Das M, Chu PL, Santos G-M, et al. Decreases in community viral load 
are accompanied by reductions in new HIV infections in 
San Francisco. PLoS One 2010; 5: e11068.

34 Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG. Universal 
voluntary HIV testing with immediate antiretroviral therapy as a 
strategy for elimination of HIV transmission: a mathematical model. 
Lancet 2009; 373: 48–57.

35 US President’s Emergency Plan for AIDS Relief, Bureau of Public 
Aff airs Department of State. PEPFAR 3.0. Controlling the epidemic: 
delivering on the promise of an AIDS-free generation. Dec, 2014. 
http://www.pepfar.gov/documents/organization/234744.pdf (accessed 
May 6, 2016).

36 Bailey RC, Moses S, Parker CB, et al. Male circumcision for HIV 
prevention in young men in Kisumu, Kenya: a randomised 
controlled trial. Lancet 2007; 369: 643–56.

37 Auvert B, Taljaard D, Lagarde E, Sobngwi-Tambekou J, Sitta R, 
Puren A. Randomized, controlled intervention trial of male 
circumcision for reduction of HIV infection risk: the ANRS 
1265 Trial. PLoS Med 2005; 2: e298.

38 Murnane PM, Celum C, Mugo N, et al. Effi  cacy of pre-exposure 
prophylaxis for HIV-1 prevention among high risk heterosexuals: 
subgroup analyses from the Partners PrEP Study. AIDS Lond Engl 
2013; 27: 2155–60. 

39 Weller S, Davis K. Condom eff ectiveness in reducing heterosexual 
HIV transmission. Cochrane Database Syst Rev 2002; 1: CD003255. 

40 Smith DK, Herbst JH, Zhang X, Rose CE. Condom eff ectiveness for 
HIV prevention by consistency of use among men who have sex 
with men in the United States. J Acquir Immune Defi c Syndr 1999 
2015; 68: 337–44. 

41 Guy R, Gold J, Calleja JMG, et al. Accuracy of serological assays for 
detection of recent infection with HIV and estimation of 
population incidence: a systematic review. Lancet Infect Dis 2009; 
9: 747–59. 

42 Incidence Assay Critical Path Working Group. More and better 
information to tackle HIV epidemics: towards improved HIV 
incidence assays. PLoS Med 2011; 8: e1001045. 

43 UNAIDS. Technical update on HIV incidence assays for 
surveillance and monitoring purposes. April 1, 2015. http://www.
unaids.org/en/resources/documents/2015/
HIVincidenceassayssurveillancemonitoring (accessed May 6, 2016).

44 Swaziland HIV Incidence Measurement Survey (SHIMS). SHIMS: 
results update 2014. Oct, 2014. http://shims.icap.columbia.edu/
publications/detail/shims-results-update-2014 (accessed 
May 6, 2016). 

45 UNAIDS. Strategic Information and Monitoring Division. 
Methodology—understanding the HIV estimates. July, 2014. 
http://www.unaids.org/sites/default/fi les/media_asset/UNAIDS_
methodology_HIVestimates_en.pdf (accessed May 7, 2016). 

46 Kim AA, Mukui I, N’gan’ga L, et al. Progress in reversing the HIV 
epidemic through intensifi ed access to antiretroviral therapy: results 
from a nationally representative population-based survey in Kenya, 
2012. PLoS One 2016; 11: e0148068. 

47 Odhiambo JO, Kellogg TA, Kim AA, et al. Antiretroviral treatment 
scale-up among persons living with HIV in Kenya: results from a 
nationally representative survey. J Acquir Immune Defi c Syndr 1999 
2014; 66 (suppl 1): S116–22.

48 UNAIDS. Kenya AIDS response progress report 2014. March, 2014. 
http://www.unaids.org/sites/default/fi les/country/documents/
KEN_narrative_report_2014.pdf (accessed May 6, 2016).

49 Wand H, Ramjee G. Targeting the hotspots: investigating spatial 
and demographic variations in HIV infection in small communities 
in South Africa. J Int AIDS Soc 2010; 13: 41.

50 Tanser F, Bärnighausen T, Cooke GS, Newell M-L. Localized 
spatial clustering of HIV infections in a widely disseminated rural 
South African epidemic. Int J Epidemiol 2009; 38: 1008–16. 

51 Barankanira E, Molinari N, Niyongabo T, Laurent C. Spatial analysis 
of HIV infection and associated individual characteristics in 
Burundi: indications for eff ective prevention. BMC Public Health 
2016; 16: 118.

52 Gregson S, Nyamukapa CA, Garnett GP, et al. Sexual mixing 
patterns and sex-diff erentials in teenage exposure to HIV infection 
in rural Zimbabwe. Lancet 2002; 359: 1896–903. 

53 Harling G, Newell M-L, Tanser F, Kawachi I, Subramanian SV, 
Bärnighausen T. Do age-disparate relationships drive HIV incidence 
in young women? Evidence from a population cohort in rural 
KwaZulu-Natal, South Africa. J Acquir Immune Defi c Syndr 1999; 
2014; 66: 443–51.

54 Lesotho Ministry of Health, ICF International. Lesotho Demographic 
and Health Survey 2014. Lesotho: Ministry of Health and ICF 
International, 2016. 

55 Kerr CC, Stuart RM, Gray RT, et al. Optima: a model for HIV 
epidemic analysis, program prioritization, and resource 
optimization. J Acquir Immune Defi c Syndr 1999 2015; 69: 365–76.


	Estimates of global, regional, and national incidence, prevalence, and mortality of HIV, 1980–2015: the Global Burden of Disease Study 2015
	Introduction
	Methods
	Study design
	Mortality estimation
	Incidence and prevalence estimation
	Uncertainty analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


