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Abstract: Since the beginning of the epidemic in the early 1980s, HIV-related illnesses have led to the
deaths of over 32.7 million individuals. The objective of this study was to describe current mortality
rates for HIV through an observational analysis of HIV mortality data from 2001 to 2018 from the
World Health Organization (WHO) Mortality Database. We computed age-standardized death rates
(ASDRs) per 100,000 people using the World Standard Population. We plotted trends using locally
weighted scatterplot smoothing (LOWESS). Data for females were available for 42 countries. In
total, 31/48 (64.60%) and 25/42 (59.52%) countries showed decreases in mortality in males and
females, respectively. South Africa had the highest ASDRs for both males (467.7/100,000) and
females (391.1/100,000). The lowest mortalities were noted in Egypt for males (0.2/100,000) and
in Japan for females (0.01/100,000). Kyrgyzstan had the greatest increase in mortality for males
(+6998.6%). Estonia had the greatest increase in mortality for females (+5877.56%). The disparity
between Egypt (the lowest) and South Africa (the highest) was 3042-fold for males. Between Japan
and South Africa, the disparity was 43,454-fold for females. Although there was a decrease in
mortality attributed to HIV among most of the countries studied, a rising trend remained in a number
of developing countries.

Keywords: HIV; mortality; WHO; world

1. Introduction

In 2019, around 38 million individuals were living with human immunodeficiency
virus (HIV), and 690,000 died due to HIV-related illness. Since the beginning of the
epidemic in the early 1980s, HIV-related illnesses have led to the deaths of over 32.7 million
individuals [1]. However, there were approximately 39% fewer deaths due to HIV in 2019
than in 2010 [2–4].

Overall decreases in HIV-related mortality have mostly been attributed to the sig-
nificant improvements in HIV/AIDS management, including highly active antiretroviral
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combination therapies [5,6]. Newer medications have better side effect profiles as well,
which has improved adherence [7,8]. Highly Active Antiretroviral Therapy (HAART) has
also contributed to the increased life expectancy of patients with HIV [7]. Along with the
Joint United Nations Program on HIV/AIDS (UNAIDS), the WHO has framed various
policies and guidelines to decrease the global burden of morbidity and mortality due to
HIV [9]. Strategies were developed throughout the world to address the needs of high-risk
populations and increase their awareness [10,11]. These multifactorial efforts have led to
an overall decrease in HIV mortality worldwide; however, certain areas have continued to
see rising mortality rates. Active efforts are needed in those areas [2].

In 2014, UNAIDS and partners set goals they named the 90-90-90 targets. These goals
were to diagnose 90% of all HIV-positive people, to provide antiretroviral therapy (ART)
for 90% of those diagnosed, and to achieve viral suppression for 90% of those treated by
2020 [12,13]. This led to more widespread and earlier administration of ART. It was thus
important to examine how the setting of these targets—and the subsequent efforts to meet
them—impacted global HIV mortality trends.

The primary objective of this study was to describe current ASDRs for HIV. The
secondary objectives were to compute the absolute and percentage changes in ASDRs,
categorized by country and gender, through an observational analysis of HIV mortality
data from 2001 to 2018 from the World Health Organization (WHO) Mortality Database.
We also compared HIV mortality trends in 48 nations between 2001 and 2018.

2. Materials and Methods
2.1. Data Sources

We extracted HIV mortality data from the WHO Mortality Database from 2001 to
2018 for the member nations with available data in October 2020. Countries were divided
based on their WHO specified regions. Data were extracted based upon the International
Classification of Diseases-10th Edition (ICD-10) diagnosis codes B20, B21, B22, B23, B24,
and R75 for HIV. The WHO evaluated the quality of these data to ensure comparability and
reliability, without adjustment for underreporting. The proportion of all deaths registered
in the population covered by the vital registration system for a given country (referred to
as completeness) were estimated by the WHO for the latest available year. For member
states with incomplete vital registration systems, demographic techniques were used by the
WHO to estimate the level of completeness of death recording for the specified population,
in order to allow for the calculation of the death rate [14]. For inclusion criteria, we first
evaluated the database to determine the countries with available data. Out of 194 member
countries of the WHO, data on HIV mortality were available for 118 countries. Based
on the WHO mortality database 2009–2017 completeness data, 107 countries with >20%
completeness were included in our data review. Out of these 107 countries, we further
excluded 59 countries that either did not have data for five years or had significant data
breaks, defined as greater than three consecutive years.

Crude mortality rates were dichotomized by gender and reported by year. We com-
puted age-standardized death rates (ASDRs) per 100,000 people using the world standard
population. The ASDR was defined as mortality, weighted to the distribution of mortality
per 5-year age group, according to the world standard population [15]. This removed the
effects of historical events on age structure and controlled for differences in age structure
in populations, producing age-specific mortality rates and more representative data. The
estimated level of coverage for deaths with a recorded cause for death was calculated by
dividing the total deaths reported for a country in a given year from the vital registration
system by the total estimated deaths for that year for its national population. The national
population estimates used were those of the UN Population Division. Best estimates of
death rates by age and sex (adjusted for incompleteness and incomplete coverage) were
applied to the national population data to obtain total estimated deaths. The WHO esti-
mated coverage for a member state may have been less than 100% due to incompleteness of
registration, coverage of only some parts of the national population, or differences between
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the vital registration the UN estimated de facto population. Population and birth recording
in all countries are specified in the data as per the WHO standard for inclusion in the
database [14].

2.2. Statistical Analyses

We computed male and female mortality rates and used a locally weighted scatterplot
smoothing (LOWESS) plot to fit the rates of male and female mortality using SAS v9.4 (SAS,
Cary, NC, USA) (Figure 1). LOWESS was only used to make plots to visualize country-
specific trends and not to model changes across the countries. Mortality data were missing
in a small subset of countries in the WHO Mortality Database for one or more calendar years.
We excluded countries with missing data of more than three consecutive years during the
observation period. There were no other modifications to the data. Changes in ASDR over
the observation period are calculated as crude absolute differences between first and last
data points for the earliest and most recent years available. Similar to our previous studies,
percentage change was calculated as [(End ASDR − Start ASDR)/Start ASDR] ∗ 100 for
each gender and country [16,17]. We have also provided absolute changes in the ASDR.
This can serve as a comparator to the percentage changes, especially for the countries with
low baseline mortality.
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Figure 1. Trends in age-standardized death certification rates per 100,000 for HIV. Squares indicate male mortality, whereas
circles indicate females.

3. Results

We analyzed data from 48 countries from the following regions (as classified by the
WHO): Americas, Western Pacific, South East Asia, Europe, Eastern Mediterranean, and
Africa. Amongst 48 countries, data for females were available for only 42 countries. Of
48 countries, 4 countries had data available until 2018, 18 until 2017, 12 until 2016, 7 until
2015, 4 until 2014, 1 until 2013, 1 until 2007, and 1 until 2005. Region-wise, the Americas
included the USA and Canada. Europe included Armenia, Austria, Belgium, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia, Germany, Hungary,
Ireland, Israel, Italy, Kyrgyzstan, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Republic of Moldova, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, and the Turkey, United Kingdom. The Western Pacific region included Japan,
Malaysia, Singapore, Australia, and New Zealand. The Eastern Mediterranean region
included Egypt, Bahrain, Jordan, and Kuwait. Thailand was the only country included in
the South East Asian region. The African region included the countries of Mauritius and
South Africa.

3.1. Current HIV Mortality

Table 1 and Figure 2 show mortality data for the most recent calendar year. South
Africa had the highest ASDRs for both males (467.7/100,000) and females (391.1/100,000),
whereas Egypt had the lowest ASDR for males (0.2/100,000) and Japan for females
(0.01/100,000).

In the region of the Americas, the USA had the highest ASDR in 2007 for both males
(47.04/100,000) and females (19.02/100,000), whereas Canada had the lowest ASDR in 2005
for both males (18.93/100,000) and females (5.38/100,000).

In the European region, Latvia had the highest ASDR in 2015 for males (57.91/100,000).
For females, this was Estonia in 2016 (27.40/100,000), whereas Slovakia had the lowest
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ASDR in 2014 for males (0.29/100,000), followed by Hungary in 2017 (0.51/100,000). Turkey
had the lowest ASDR in 2016 for females (0.24/100,000), followed by the Czech Republic in
2017 (0.31/100,000) and Finland in 2017 (0.41/100,000). Sufficient data were not available
for women from Cyprus, Slovenia, Slovakia, and Malta. Out of the 34 European countries,
half (17/34) had an ASDR of more than 5.26/100,000. Nine countries had an ASDR of more
than 8.8/100,000 in men at the beginning of their respective study periods, ranging from
2001 to 2009, including Austria, France, Italy, Malta, Netherland, Romania, Spain, Serbia,
and Switzerland. For the end of the study period, in years ranging from 2013 to 2018,
17 out of the 34 countries had an ASDR value of more than 3.4/100,000, and nine countries
(26%) had an ASDR greater than 12/100,000. For females, we had data from 30 countries
showing that half (15/30) had an ASDR greater than 1.7/100,000, and around a quarter
(8/30) had an ASDR greater than 3/100,000, including Belgium, France, Italy, Luxembourg,
Romania, Spain, Switzerland, and Serbia for years between 2001 and 2009 at the beginning
of the study periods. For the end of the study periods, at years ranging from 2013 to 2018,
half of the 30 countries had an ASDR value of more than 1.3/100,000, and eight countries
(27%) had an ASDR with a value of more than 3.5/100,000, including Armenia, Estonia,
Latvia, Romania, Georgia, Kyrgyzstan, Republic of Moldova, and Lithuania.

In the Western Pacific region, Malaysia had the highest ASDR in 2014 for males
(24.54/100,000) as well as for females (3.79/100,000), followed by Singapore with an ASDR
of 11.49/100,000 for males and 1.03/100,000 for females in the year 2017. In comparison,
Japan had the lowest ASDR in 2017 for males (0.34/100,000) and females (0.01/100,000).
Australia and New Zealand also had lower ASDRs.

In the Eastern Mediterranean region, Bahrain had the highest ASDR in 2014 for males
(11.12/100,000) and females (1.6/100,000). In contrast, Egypt had the lowest mortality in
2015 for males (0.15/100,000) and females (0.12/100,000). Jordan and Kuwait showed an
ASDR of 1.52/100,000 and 0.48/100,000 for males in 2015 and 2016, respectively. We did
not have data for females in the other Eastern Mediterranean countries.

In Africa, out of the two countries included, South Africa had a higher ASDR in 2015
for males (467.27/100,000) as well as for females (391.09/100,000), whereas it was lower for
Mauritius in 2018 for males (134.84/100,000) and females (31.22/100,000).

In the Southeast Asia region, Thailand showed an ASDR of 82.44/100,000 and
41.58/100,000 for males and females, respectively, in 2017, which was high compared
to many other included countries.

3.2. Changes in HIV Mortality between the Start and End of the Study Period

Figures 1–3 and Table 1 show HIV mortality at the beginning and the end of the
study period. We have reported percentage change (PC) and absolute change (AC) in
ASDR. A total of 31/48 countries (64.6%) showed a decrease in male mortality, whereas
35/42 countries (83.3%) showed a decrease in female mortality. Among all 48 coun-
tries, Kyrgyzstan had the highest positive PC in male mortality (+6998.6% between 2002
and 2016), while South Africa had the highest positive AC for males (+168,96 between
2007–2015). Spain had the highest PC reduction amongst males (−81.89% between 2001
and 2017), while Thailand had the highest reduction in AC (−192.07 between 2002 and
2017). For female PC, Estonia had the highest increase (+5877.6% between 2001 and 2016),
and Australia had the highest reduction (−93.80% between 2001 and 2017). For female AC,
South Africa had the highest increase (+78.88 between 2007 and 2015), and Thailand had
the highest decrease (−118.28 between 2002 and 2017).
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Table 1. Age-standardized death rate in males and females.

Region Country
Start Point End Point Overall Percentage Change in

Mortality Absolute Changes in ASDR

Year of
Diagnosis

Age Adjusted
Rate in Males

Year of
Diagnosis

Age Adjusted
Rate in Females

Year of
Diagnosis

Age Adjusted
Rate in Males

Year of
Diagnosis

Age Adjusted
Rate in Females Males Females Males Females

Americas Canada 2001 20.00063136 2001 3.644861272 2005 18.93761287 2005 5.387628025 −5.3149247 47.8143508 −1.0630185 1.74276675

United States
of America 2001 66.99524774 2001 22.87205209 2007 47.04374008 2007 19.02467257 −29.780482 −16.821313 −19.951508 −3.8473795

Europe Israel 2001 5.623963084 2001 2.654634041 2017 4.752940322 2017 1.103130252 −15.487704 −58.44511 −0.8710228 −1.5515038

Armenia 2006 5.31396588 2006 1.893003422 2016 14.00825719 2016 4.578412428 163.612103 141.859702 8.69429131 2.68540901

Austria 2002 8.876480762 2002 2.277171682 2017 2.578514957 2017 1.652786593 −70.951157 −27.419324 −6.2979658 −0.6243851

Belgium 2001 8.098412731 2001 4.070445526 2016 3.847163946 2016 1.079543509 −52.49484 −73.478493 −4.2512488 −2.990902

Croatia 2001 1.926497586 2001 0.367285945 2017 3.044452113 2015 0.480607944 58.0304142 30.8538892 1.11795453 0.113322

Czech
Republic 2001 0.567257814 2001 0.184498712 2017 1.812289614 2017 0.317138176 219.48253 71.8918104 1.2450318 0.13263946

Denmark 2001 8.52367743 2001 2.532888324 2015 1.956620198 2015 1.268916742 −77.044882 −49.902381 −6.5670572 −1.2639716

Estonia 2001 4.505049968 2001 0.458469351 2016 34.82287956 2016 27.4053035 672.974324 5877.56501 30.3178296 26.9468342

Finland 2001 1.213200001 2001 0.945002237 2017 1.460893585 2017 0.412075887 20.4165499 −56.394189 0.24769358 −0.5329263

France 2001 24.64773747 2001 6.574320069 2014 6.882063387 2014 2.344528817 −72.078316 −64.338079 −17.765674 −4.2297913

Germany 2001 8.115361794 2001 2.858964748 2017 4.057091774 2017 1.303938741 −50.007259 −54.391227 −4.05827 −1.555026

Hungary 2001 1.349066553 2001 0.328295393 2017 0.517508939 2017 0.994009629 −61.63948 202.779037 −0.8315576 0.66571424

Ireland 2007 4.218787777 2007 2.106605118 2015 1.802174553 2015 1.072322891 −57.282171 −49.09711 −2.4166132 −1.0342822

Italy 2003 29.70363342 2003 8.050242431 2016 7.993999664 2016 2.74700704 −73.087469 −65.876717 −21.709634 −5.3032354

Latvia 2001 5.214929781 2001 0.842421741 2015 57.90656674 2015 25.93616846 1010.39974 2978.76295 52.691637 25.0937467

Luxembourg 2001 3.615713815 2001 7.300063736 2016 3.373702422 2016 2.531341314 −6.6933227 −65.324394 −0.2420114 −4.7687224

Malta 2002 9.446066172 NA NA 2016 19.34963467 NA NA 104.843311 NA 9.9035685 NA

Netherlands 2001 11.27960536 2001 2.406207509 2017 2.102164869 2017 0.509725464 −81.363135 −78.81623 −9.1774405 −1.896482

Norway 2001 2.912812422 2001 1.439295097 2016 1.320899568 2016 0.683847577 −54.65209 −52.487327 −1.5919129 −0.7554475

Poland 2001 3.74537848 2001 1.636972721 2017 3.109108534 2017 1.016729251 −16.988135 −37.889664 −0.6362699 −0.6202435

Romania 2001 28.39437744 2001 21.80360756 2017 13.33559205 2017 6.084093316 −53.034392 −72.095933 −15.058785 −15.719514

Slovakia 2001 0.589962431 NA NA 2014 0.293112058 NA NA −50.316827 NA −0.2968504 NA

Slovenia 2001 5.453439411 NA NA 2017 1.400775885 NA NA −74.3139 NA −4.0526635 NA

Spain 2001 56.53435158 2001 15.5656934 2017 10.24010028 2017 3.190294186 −81.886941 −79.504323 −46.294251 −12.375399

Sweden 2001 5.359937843 2001 1.560119784 2017 1.114001225 2017 1.157134041 −79.216154 −25.830436 −4.2459366 −0.4029857

Switzerland 2001 21.13354147 2001 8.328558892 2013 4.26632141 2013 2.466714694 −79.812558 −70.382455 −16.86722 −5.8618442

United
Kingdom 2001 4.73948267 2001 1.640506768 2016 3.45731892 2016 1.082765086 −27.052821 −33.998134 −1.2821637 −0.5577417
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Table 1. Cont.

Region Country
Start Point End Point Overall Percentage Change in

Mortality Absolute Changes in ASDR

Year of
Diagnosis

Age Adjusted
Rate in Males

Year of
Diagnosis

Age Adjusted
Rate in Females

Year of
Diagnosis

Age Adjusted
Rate in Males

Year of
Diagnosis

Age Adjusted
Rate in Females Males Females Males Females

Turkey 2009 1.114560098 2009 0.169501371 2016 1.791517071 2016 0.239833811 60.7375928 41.4937292 0.67695697 0.07033244

Georgia 2001 0.4164297 2001 0.470783848 2018 22.87304937 2018 5.757782492 5392.65563 1123.0204 22.4566197 5.28699864

Kyrgyzstan 2002 0.418606719 2002 1.161189662 2016 29.71532556 2016 12.33205904 6998.62603 962.019362 29.2967188 11.1708694

Lithuania 2001 2.244815687 2001 0.525051072 2018 12.04340832 2018 3.553429489 436.498759 576.777875 9.79859263 3.02837842

Republic of
Moldova 2001 2.89714192 2001 1.151277063 2018 28.154315 2018 18.04862308 871.796197 1467.70457 25.2571731 16.897346

Serbia 2001 10.1905643 2001 3.957969109 2017 3.004880864 2017 0.590932173 −70.513106 −85.069813 −7.1856834 −3.3670369

Cyprus 2004 2.147216974 NA NA 2016 2.566599159 NA NA 19.5314302 NA 0.41938218 NA

Western
Pacific Japan 2001 0.425704112 2001 0.052743399 2017 0.344608647 2017 0.009498719 −19.049726 −81.990697 −0.0810955 −0.0432447

Malaysia 2007 26.6661012 2007 1.475281941 2014 24.5394684 2014 3.787212778 −7.9750421 156.711119 −2.1266328 2.31193084

Singapore 2012 14.31788695 2012 0.685039559 2017 11.49206382 2017 1.02869862 −19.736314 50.1663088 −2.8258231 0.34365906

Australia 2001 9.910307425 2001 1.109300056 2017 3.42074435 2017 0.068746072 −65.482964 −93.802752 −6.4895631 −1.040554

New Zealand 2001 5.54767863 2001 0.934112429 2015 1.648682625 2015 0.331666049 −70.281577 −64.49399 −3.898996 −0.6024464

Eastern
Mediterranean Egypt 2001 0.422453104 2001 0.054039048 2015 0.15368105 2015 0.115850601 −63.621749 114.383127 −0.2687721 0.06181155

Bahrain 2002 22.22462627 2002 6.217567695 2014 11.12412654 2014 1.601592115 −49.946845 −74.240858 −11.1005 −4.6159756

Jordan 2008 0.711357947 NA NA 2015 1.525734975 NA NA 114.482031 NA 0.81437703 NA

Kuwait 2002 0.361547165 NA NA 2016 0.482005618 NA NA 33.3174935 NA 0.12045845 NA

South East
Asia Thailand 2002 274.5146875 2002 159.8555757 2017 82.44210258 2017 41.57967555 −69.968054 −73.989224 −192.07258 −118.2759

Africa Mauritius 2005 25.15461549 2005 4.543462418 2018 134.835374 2018 31.21764449 436.026377 587.089308 109.680758 26.6741821

South Africa 2007 298.3021747 2007 312.2132831 2015 467.2663314 2015 391.0950568 56.641946 25.2653484 168.964157 78.8817738
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Figure 3. Percentage changes in age-standardized death rate in males and females.

Region-wise, in the Americas, positive PCs were observed in Canadian females
(+47.81%) between 2001 and 2005, with a positive AC (1.74). Whereas males had a re-
duction (−5.31%) in PC and (−1.06) AC. In the USA, males had −29.78% PC and −19.95 of
AC, whereas females had −16.82% PC and −3.85 of AC between 2001 and 2007.

In Europe, the maximum positive PC was observed in Kyrgyzstan for males (+6998.63%
between 2002 and 2016), while Latvia had the highest positive AC for males with a value
of 52.69 (between 2001 and 2015). For females, Estonia had the highest positive values
for both PC and AC (+5877.57% and +26.95, respectively between 2001 and 2016). The
maximum negative PC and AC values were observed in Spain for males (−81.89% and
−46.29, respectively between 2001 and 2017). In females, the highest PC was found to be
in Serbia (−85.01% between 2001 and 2017), whereas that of AC was in Romania (−15.71
between 2001 and 2017). For males, 21 (61.8%) countries showed decreased PC and AC
in ASDR during our study period. Armenia, Croatia, Czech Republic, Estonia, Finland,
Latvia, Malta, Turkey, Georgia, Kyrgyzstan, Lithuania, Republic of Moldova, and Cyprus
increased in PC and AC in ASDR in males. Out of 30 European countries with available
data for females, 19 (63.3%) showed decreasing PC and AC. In contrast, positive PCs and
ACs were observed in Armenia, Croatia, Czech Republic, Estonia, Hungary, Latvia, Turkey,
Georgia, Kyrgyzstan, Lithuania, and the Republic of Moldova.

In the Western Pacific region, the overall mortality percentage changes and the absolute
changes in ASDR in males were negative in all countries. The largest PC was observed
in New Zealand (−70.28% between 2001 and 2017) and the smallest in Malaysia (−7.97%
between 2007 and 2014). For AC, the largest negative change was seen in Australia (−6.49
between 2001 and 2017). In females, the highest positive PC and AC values were in
Malaysia (+156.71% and +2.31, respectively from 2007 to 2014), and the highest negative
PC and AC values were in Australia (−93.80% and −1.04, respectively between 2001 and
2017).
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In the Eastern Mediterranean region, Jordan and Kuwait showed positive PC and AC
for males. Egypt showed positive PC and AC for females. The maximum positive PC and
AC values were found in Jordan for males (+114.48% and +0.81, respectively between 2008
and 2015) and in Egypt for females (+114.38% and +0.06 between 2001 and 2015). While the
maximum negative PC was found in Egypt for males (−63.62% between 2001 and 2015),
the maximum AC for males was found in Bahrain (−11.10) between 2002 and 2014). For
females, Bahrain had negative PC and AC (−74.24% and −4.62, respectively between 2002
and 2014).

In the African region, positive PC was observed in Mauritius (2005–2018) and South
Africa (2007–2015) for both genders. Mauritius was found to have a higher PC for males
(+436.03%) and females (+587.09%) between 2005 and 2018. ASDR is still increasing in
both African countries. AC was also positive in both countries and genders. However,
the highest positive AC was in South Africa for both males (+168.96) and females (+78.88)
between 2007 and 2015.

Thailand showed decreasing PC and AC in males (−69.97% and −192.07, respectively)
and females (−73.98% and −118.28, respectively) between 2002 and 2017.

4. Discussion

We analyzed mortality due to HIV/AIDS in 48 countries for males and 42 for females
between 2001 and 2018 data from the WHO Mortality Database. At the end of the study
period, the five leading countries with the highest ASDRs in males were South Africa,
Mauritius, Thailand, Latvia, and Estonia. The five countries with the highest ASDRs in
females were South Africa, Thailand, Mauritius, Estonia, and Latvia. Egypt, Japan, Kuwait,
Hungary, and Sweden had the lowest ASDR in males. In females, Japan, Australia, Egypt,
Turkey, and the Czech Republic had the lowest ASDRs. In males, 17 countries had percent-
age increases in ASDRs over the study period, with the highest increases in Kyrgyzstan,
Georgia, Latvia, the Republic of Moldova, and Estonia (Range: +6998.62%–+436.49%). The
same countries had an absolute increase in ASDR, with South Africa and Mauritius being
the top two (+168.95 and +109.68, respectively). However, some of the countries with
massively large percentage changes (ex Kyrgyzstan: +6998.62%) had absolute changes
that were comparable to other countries (AC of +29.29). This seems to be likely owing to
the exceedingly small proportion of HIV-related deaths during the beginning year (e.g.,
Kyrgyzstan ASDR: 0.42/100,000 in 2002). In females, 13 countries had a percentage change
and absolute change increase, with the highest PC increase in Kyrgyzstan, Georgia, Latvia,
Republic of Moldova, and Estonia (Range: +6998.62%–+676.97%) and the highest AC in-
crease in the same countries as well as South Africa and Mauritius. This multifold mortality
increase in some countries is worrisome. This indicates a significant risk that the progress
made in slowing the HIV epidemic could be reversed without continued efforts.

Thirty-one countries had both percentage change and absolute change decreases in
males. Twenty-five countries had percentage change and absolute change decreases in
females, which is encouraging. In 2018, the disparity in ASDR rates in males, measured
using rate ratios, between the lowest rates observed in Egypt and highest rates observed
in South Africa was 3034. In females, rate ratios between the lowest rates observed in
Japan and highest rates observed in South Africa were 41,211. These large differences help
demonstrate that countries are on remarkably diverse trajectories with regard to the burden
of HIV/AIDS. Trends from the Global Burden of Disease (GBD) database have shown high
mortality in Sub-Saharan Africa and South Asia, as well as increased mortality in South
East Asia. Apart from these regions, in our study, we have also observed increasing ASDRs
in Eastern Europe and the Central Asia region (Latvia, Lithuania, Estonia, Kyrgyzstan,
Georgia, and Armenia) as well as in the Central Europe region (the Czech Republic and
Croatia) [18]. This finding highlights the importance of the harmonization of ‘real world’
data and the increasing need for independent multinational registries to better understand
health-system-level differences in policy, clinical practice, and outcomes.
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Seventy-six million people have tested positive for HIV since the start of the epidemic.
Thirty-eight million people globally were living with HIV in 2019, of whom 81% knew their
status, 67% were accessing treatment, and 59% were virally suppressed. From 2010 to 2019,
new HIV infections declined by 23%, from 2.1 million to 1.7 million. The global community
has made considerable progress in addressing this unprecedented epidemic [1]. In our
study, high HIV mortality areas were concentrated in resource-limited countries such as the
African (South Africa, Mauritius) and the South East Asian regions (Malaysia). The WHO
Mortality Database does not have data of prevalence or incidence. Studies in the past using
the GBD database have shown that in 2015, 75% of new cases were in Sub-Saharan Africa,
followed by South Asia (8.5%) and Southeast Asia (4.7%). The overall high prevalence and
incidence could be affecting this high mortality substantially [18]. Antiretroviral therapy
(ART) has extended the life expectancy for most people living with HIV. The percentage
of people receiving ART has changed over time, overall and by region. A Study by Lau
et al. showed that in 2014–2015, 22% of HIV-positive patients in Europe did not receive
ART [19]. In low- and middle-income countries, two-thirds of HIV/AIDS-related deaths
occur in individuals not on ART [20]20. The number of individuals who lost their lives to
HIV/AIDS in 2015 is 45% lower than the peak of the epidemic in 1998 [13,21]. HIV/AIDS
remains a significant cause of death despite these gains and global trends mask persistent
regional and subregional variation [22].

As of June 2020, access to ART for HIV-positive patients was 72% in South Africa,
82% in Mauritius, and 80% in Thailand, compared to the global average of 67% [21]. Out
of the 48 countries studied, ASDRs were highest in these countries, with 467.27/100,000,
134.84/100,000, and 82.44/100,000 in males, respectively, and 391.10/100,000, 41.58/100,000,
and 31.22/100,000 in females, respectively [12,23]. The disease continues to claim lives
in regions with high treatment coverage levels, this suppors a complex nature of the care
model. After more than a decade of ART scale-up and more than 19.5 million people on
treatment, an increase in drug resistance is inevitable. Data from several national surveys
from low-income and middle-income countries have shown an increased prevalence of
pretreatment HIV drug resistance to non-nucleoside reverse-transcriptase inhibitors. Drug
resistance testing is largely not available in low- and middle-income countries and might
be contributing to the high mortality despite good ART coverage [24]. Non-HIV-related
conditions are also emerging as prominent health concerns in settings where ART is widely
available. A prospective cohort study of PLHIV patients in Spain found that the most
common non-AIDS events developing in these patients were psychiatric, hepatic, renal,
cardiovascular, and malignant diseases [25]. Interestingly, the leading causes of non-AIDS-
associated mortality in HIV-positive individuals were malignancy, most commonly: lung,
followed by liver, with which hepatitis C virus was frequently found associated [21].
Additionally, hepatitis B virus coinfections are high in endemic regions (East and Southeast
Asia) [26]. A large body of evidence indicates that HIV-positive individuals are at above-
average risk for cardiovascular disease [27,28]. Coinfection with tuberculosis remains
a major public health concern and is the main cause of high mortality in HIV globally,
particularly in resource-limited settings [29]. Older age, low CD4 count, and cigarette
use are independent predictors of mortality in HIV-positive individuals [30]. Additional
risk factors for non-AIDS events include a late stage at initial treatment, coinfection with
hepatitis C virus, and injecting drug abuse [31]. This situation raises the question of how
the health needs of HIV patients should be addressed beyond access to ART. Given these
trends, the management of HIV patients in low- and middle-income countries should
focus on reasons of virologic failure in patients receiving ART, providing universal access
to better quality health services, and timely identification and management of potential
non-AIDS complications.

The rapid expansion of ART began in 2004 [32]. One of the areas most influenced
by the implementation and availability of ART was Eastern and Southern Africa. HIV
and population mortality rates saw a steep decline [22]. Initially, HIV-positive individuals
would only qualify for ART if they were WHO stage 3 or 4 or had a CD4 count less than
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200 [26]. These requirements have been evolving ever since. A recent study in Zimbabwe
demonstrated the effectiveness of “Test and Treat” protocol; of 972 people newly diagnosed
HIV-positive, 94% were enrolled in HIV care, 79% were initiated on ART, and 71% were
retained alive on ART at three months [33]. In 2014, UNAIDS also created the “90–90-90”
approach in a further attempt to eradicate the virus [34]. Treatment, as well as pre-exposure
prophylaxis (PrEP), has seen constant advancements influencing the mortality trends [29].
The Centers for Disease Control and Prevention recommends high-risk individuals take
PrEP to limit their chances of contracting disease [35]. ART initiation is also one of the
most effective ways to prevent and help resolve opportunistic infections. At the time of
diagnosis of HIV and before initiation of ART, all individuals must be screened for latent
tuberculosis (TB) infection [36], given the potential for reactivation of latent TB and the
need for a mycobacterial treatment regimen before the initiation of ART [36].

Region-specific increases in HIV mortality are well known. In our data, South Africa,
Thailand, and Mauritius were all found to have increased ASDRs. Several explanations for
this pattern may exist. Despite the expansion and the availability of ART, resource-limited
areas such as those in South Africa have associated delays in diagnosis and initiation of
treatment, which ultimately led to increased mortality [17]. In addition, high-risk activities
such as increased IVDA and sex trafficking are more common in certain areas of Asia and
Africa and likely contribute to the increased HIV prevalence and mortality [37]. Particular
areas where TB is more prevalent have an increased rate of reactivation which increases
mortality risk in the HIV-positive population [36].

The strengths of this investigation include the use of annual mortality data collected
from national surveillance statistics from the WHO. These data have made it possible to
assess population-level trends over an extended observation period, allowing comparisons
in directions rather than total annual mortality rates. Despite this study’s strengths, there
are several limitations which should be considered when interpreting the results. Out of
194 countries, data of only 48 countries have been analyzed due to the non-availability of
data. Additionally, the start and end years of countries varied based on the data availability.
In 2015, 75.4% of new cases were in Sub-Saharan Africa [18]. We understand that South
Africa and Mauritius do not represent the population of Sub-Saharan Africa. However,
due to the lack of availability and completeness of the data, we could not include these
countries in our study. We did not attempt to assess the prevalence of morbidity associated
with HIV, as the WHO Mortality Database does not report this. ICD coding for HIV
mortality presents many challenges and is one of the limitations of all database studies.
To achieve comparability over time, the WHO has tried to standardize ICD-10 coding for
HIV with detailed guidelines. However, issues still exist when medical certification is
not possible, especially in Sub-Saharan Africa, as they occur at home without a medical
doctor. The WHO has developed computerized coding of verbal autopsy to address this
issue using algorithmic methods. Validation studies showed that based on the symptoms
indicative of AIDS-defining illnesses from verbal autopsy, 89% of deaths among HIV-
positive individuals are attributable to HIV [38]. Finally, as with any observational study,
causal statements regarding the observed trends cannot be made. However, one notable
strength of using longitudinal data is the ability to comment on overall trends within
individual countries after standardization and to report these differences between health
systems. The discussion is provided to assist future researchers, policymakers, and public
health experts in focusing their efforts.

5. Conclusions

Although there has been a decrease in mortality attributed to HIV among most of
the countries studied, a rising trend remains in a number of developing countries. A
renewed and heightened commitment to address this ongoing epidemic by these countries,
healthcare agencies, and the global community is called for.

Author Contributions: Each of the authors significantly contributed to this manuscript. C.J., K.P.,
H.S., J.D.S. and J.S. contributed to this paper’s concept and design. J.D.S., C.C., D.C.M. and C.J. were



Trop. Med. Infect. Dis. 2021, 6, 173 13 of 14

significantly involved in the statistical analysis. D.C.M., K.P., C.J., A.W., O.A.O., H.S., A.R., R.G.,
J.S. and J.D.S. were extensively involved in drafting the manuscript. J.S. and J.D.S. were engaged
in the document’s critical revision and contributed important intellectual content. All authors are
responsible for the contents and have read and approved the manuscript for submission. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in public, commercial, or
not-for-profit sectors.

Institutional Review Board Statement: Not applicable for studies not involving humans or animals.
The data was retrieved from open source deidentified data available online.

Informed Consent Statement: Not applicable.

Data Availability Statement: We extracted HIV mortality data from the WHO Mortality Database
from 2001 to 2018 for the member nations with available data.

Conflicts of Interest: The authors do not have any conflict of interest or any disclosures.

References
1. Global HIV & Aids Statistics—2020 Fact Sheet. Available online: https://www.unaids.org/en/resources/fact-sheet (accessed on

31 January 2021).
2. Latest HIV Estimates and Updates on HIV Policies Uptake, November 2020. Available online: https://www.who.int/docs/

default-source/hiv-hq/latest-hiv-estimates-and-updates-on-hiv-policies-uptake-november2020.pdf?sfvrsn=10a0043d_12
(accessed on 1 September 2021).

3. Aids Falls from Top Ten Causes of Death; Teen Births, Infant Mortality, Homicide All Decline. 1998. Available online: https:
//www.cdc.gov/media/pressrel/r981007.htm (accessed on 1 August 2021).

4. WHO Fact Sheets. Available online: https://www.who.int/news-room/fact-sheets/detail/hiv-aids (accessed on 13 January 2021).
5. Palella, F.J., Jr.; Delaney, K.M.; Moorman, A.C.; Loveless, M.O.; Fuhrer, J.; Satten, G.A.; Aschman, D.J.; Holmberg, S.D.; The HIV

Outpatient Study Investigators. Declining morbidity and mortality among patients with advanced human immunodeficiency
virus infection. HIV Outpatient Study Investigators. N. Engl. J. Med. 1998, 338, 853–860. [CrossRef]

6. Bansi, L.; Sabin, C.; Delpech, V.; Hill, T.; Fisher, M.; Walsh, J.; Chadborn, T.; Easterbrook, P.; Gilson, R.; Johnson, M.; et al.
Trends over calendar time in antiretroviral treatment success and failure in HIV clinic populations. HIV Med. 2010, 11, 432–438.
[CrossRef] [PubMed]

7. Sabin, C.A. Do people with HIV infection have a normal life expectancy in the era of combination antiretroviral therapy? BMC
Med. 2013, 11, 251. [CrossRef]

8. Airoldi, M.; Zaccarelli, M.; Bisi, L.; Bini, T.; Antinori, A.; Mussini, C.; Bai, F.; Orofino, G.; Sighinolfi, L.; Gori, A.; et al. One-pill
once-a-day HAART: A simplification strategy that improves adherence and quality of life of HIV-infected subjects. Patient Prefer.
Adherence 2010, 4, 115–125. [PubMed]

9. Towards Universal Access: Scaling up Priority HIV/AIDS Interventions in the Health Sector. Available online: https://www.
who.int/hiv/pub/2009progressreport/en/ (accessed on 1 August 2021).

10. Pittman, D.M.; Kaur, P.; Eyler, L.T. Hidden in plain sight: Making a case for heterosexual Black college women being identified as
a high-risk population for HIV infection. Cult. Divers. Ethn. Minority Psychol. 2019, 25, 104–112. [CrossRef] [PubMed]

11. Sheinfil, A.Z.; Giguere, R.; Dolezal, C.; Lopez-Rios, J.; Iribarren, S.; Brown, W., 3rd; Real, C.; Lentz, C.; Balán, I.; Frasca, T.; et al.
Information and Motivation Predict HIV-Serostatus Among a Population of High-Risk Men and Transgender Women Who Have
Sex with Men. AIDS Behav. 2020, 24, 2863–2871. [CrossRef] [PubMed]

12. Levi, J.; Raymond, A.; Pozniak, A.; Vernazza, P.; Kohler, P.; Hill, A. Can the UNAIDS 90-90-90 target be achieved? A systematic
analysis of national HIV treatment cascades. BMJ Glob. Health 2016, 1, e000010. [CrossRef] [PubMed]

13. Global AIDS Update 2016. UNAIDS (Joint United Nations Programme on HIV/AIDS). 2016. Available online: https://www.
unaids.org/sites/default/files/media_asset/global-AIDS-update-2016_en.pdf (accessed on 1 August 2021).

14. World Health Organization. Census and Civil Registration Coverage Data by Country. 2014. Available online: http://apps.who.
int/gho/data/node.main.121?lang=enWHO.%202014.%20WHO (accessed on 3 May 2020).

15. Ahmad, O.B.; Boschi-Pinto, C.; Lopez, A.D.; Murray, C.J.; Lozano, R.; Inoue, M. Age Standardization of Rates: A New WHO
Standard. Available online: https://www.who.int/healthinfo/paper31.pdf (accessed on 1 August 2021).

16. Hartley, A.; Marshall, D.C.; Salciccioli, J.D.; Sikkel, M.B.; Maruthappu, M.; Shalhoub, J. Trends in Mortality From Ischemic Heart
Disease and Cerebrovascular Disease in Europe: 1980 to 2009. Circulation 2016, 133, 1916–1926. [CrossRef] [PubMed]

17. Marshall, D.C.; Salciccioli, J.D.; Shea, B.S.; Akuthota, P. Trends in mortality from idiopathic pulmonary fibrosis in the European
Union: An observational study of the WHO mortality database from 2001–2013. Eur. Respir. J. 2018, 51, 1701603. [CrossRef]

18. Collaborators, G.H. Estimates of global, regional, and national incidence, prevalence, and mortality of HIV, 1980–2015: The Global
Burden of Disease Study 2015. Lancet HIV 2016, 3, e361–e387.

https://www.unaids.org/en/resources/fact-sheet
https://www.who.int/docs/default-source/hiv-hq/latest-hiv-estimates-and-updates-on-hiv-policies-uptake-november2020.pdf?sfvrsn=10a0043d_12
https://www.who.int/docs/default-source/hiv-hq/latest-hiv-estimates-and-updates-on-hiv-policies-uptake-november2020.pdf?sfvrsn=10a0043d_12
https://www.cdc.gov/media/pressrel/r981007.htm
https://www.cdc.gov/media/pressrel/r981007.htm
https://www.who.int/news-room/fact-sheets/detail/hiv-aids
http://doi.org/10.1056/NEJM199803263381301
http://doi.org/10.1111/j.1468-1293.2009.00809.x
http://www.ncbi.nlm.nih.gov/pubmed/20146736
http://doi.org/10.1186/1741-7015-11-251
http://www.ncbi.nlm.nih.gov/pubmed/20517472
https://www.who.int/hiv/pub/2009progressreport/en/
https://www.who.int/hiv/pub/2009progressreport/en/
http://doi.org/10.1037/cdp0000225
http://www.ncbi.nlm.nih.gov/pubmed/30714772
http://doi.org/10.1007/s10461-020-02835-z
http://www.ncbi.nlm.nih.gov/pubmed/32200447
http://doi.org/10.1136/bmjgh-2015-000010
http://www.ncbi.nlm.nih.gov/pubmed/28588933
https://www.unaids.org/sites/default/files/media_asset/global-AIDS-update-2016_en.pdf
https://www.unaids.org/sites/default/files/media_asset/global-AIDS-update-2016_en.pdf
http://apps.who.int/gho/data/node.main.121?lang=enWHO.%202014.%20WHO
http://apps.who.int/gho/data/node.main.121?lang=enWHO.%202014.%20WHO
https://www.who.int/healthinfo/paper31.pdf
http://doi.org/10.1161/CIRCULATIONAHA.115.018931
http://www.ncbi.nlm.nih.gov/pubmed/27006480
http://doi.org/10.1183/13993003.01603-2017


Trop. Med. Infect. Dis. 2021, 6, 173 14 of 14

19. Laut, K.; Shepherd, L.; Rădoi, R.; Karpov, I.; Parczewski, M.; Mussini, C.; Maltez, F.; Losso, M.; Chkhartishvili, N.; Elinav, H.;
et al. Persistent disparities in antiretroviral treatment (ART) coverage and virological suppression across Europe, 2004 to 2015.
Eurosurveillance 2018, 23, 1700382. [CrossRef]

20. Bashorun, A.; Nguku, P.; Kawu, I.; Ngige, E.; Ogundiran, A.; Sabitu, K.; Nasidi, A.; Nsubuga, P. A description of HIV prevalence
trends in Nigeria from 2001 to 2010: What is the progress, where is the problem? Pan Afr. Med. J. 2014, 18 (Suppl. 1), 3. [CrossRef]

21. Global HIV & AIDS Statistics—Fact Sheet. People Living with HIV Receiving Art (#) (As of 30 June); UNAIDS (Joint United
Nations Programme on HIV/AIDS). Available online: https://www.unaids.org/en/resources/fact-sheet (accessed on 30 June
2021).

22. Granich, R.; Gupta, S.; Hersh, B.; Williams, B.; Montaner, J.; Young, B.; Zuniga, J.M. 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.

23. Ambitious Treatment Targets: Writing The Final Chapter of the Aids Epidemic: Joint United Nations Programme on HIV/AIDS
(UNAIDS). Available online: https://www.unaids.org/sites/default/files/media_asset/JC2670_UNAIDS_Treatment_Targets_
en.pdf (accessed on 1 August 2021).

24. Lindman, J.; Djalo, M.A.; Biai, A.; Månsson, F.; Esbjörnsson, J.; Jansson, M.; Medstrand, P.; Norrgren, H.; SWEGUB CORE Group.
The HIV care continuum and HIV-1 drug resistance among female sex workers: A key population in Guinea-Bissau. AIDS Res.
Ther. 2020, 17, 33. [CrossRef] [PubMed]

25. Masia, M.; Padilla, S.; Alvarez, D.; Lopez, J.C.; Santos, I.; Soriano, V.; Hernández-Quero, J.; Santos, J.; Tural, C.; del Amo, J.; et al.
Risk, predictors, and mortality associated with non-AIDS events in newly diagnosed HIV-infected patients: Role of antiretroviral
therapy. AIDS 2013, 27, 181–189. [CrossRef] [PubMed]

26. Kourtis, A.P.; Bulterys, M.; Hu, D.J.; Jamieson, D.J. HIV-HBV coinfection—A global challenge. N. Engl. J. Med. 2012, 366,
1749–1752. [CrossRef] [PubMed]

27. Islam, F.M.; Wu, J.; Jansson, J.; Wilson, D.P. Relative risk of cardiovascular disease among people living with HIV: A systematic
review and meta-analysis. HIV Med. 2012, 13, 453–468. [CrossRef] [PubMed]

28. Rubinstein, P.G.; Aboulafia, D.M.; Zloza, A. Malignancies in HIV/AIDS: From epidemiology to therapeutic challenges. AIDS
2014, 28, 453–465. [CrossRef]

29. Yeni, P. Update on HAART in HIV. J. Hepatol. 2006, 44 (Suppl. 1), S100–S103. [CrossRef]
30. Letang, E.; Ellis, J.; Naidoo, K.; Casas, E.C.; Sánchez, P.; Hassan-Moosa, R.; Cresswell, F.; Miró, J.M.; García-Basteiro, A.L.

Tuberculosis-HIV Co-Infection: Progress and Challenges After Two Decades of Global Antiretroviral Treatment Roll-Out. Arch.
Bronconeumol. 2020, 56, 446–454. [CrossRef]

31. Cockerham, L.; Scherzer, R.; Zolopa, A.; Rimland, D.; E Lewis, C.; Bacchetti, P.; Grunfeld, C.; Shlipak, M.; Tien, P.C. Association of
HIV infection, demographic and cardiovascular risk factors with all-cause mortality in the recent HAART era. J. Acquir. Immune
Defic. Syndr. 2010, 53, 102–106. [CrossRef]

32. Reniers, G.; Slaymaker, E.; Nakiyingi-Miiro, J.; Nyamukapa, C.; Crampin, A.C.; Herbst, K.; Urassa, M.; Otieno, F.; Gregson, S.;
Sewe, M.; et al. Mortality trends in the era of antiretroviral therapy: Evidence from the Network for Analysing Longitudinal
Population based HIV/AIDS data on Africa (ALPHA). AIDS 2014, 28 (Suppl. 4), S533–S542. [CrossRef] [PubMed]

33. Rufu, A.; Chitimbire, V.T.S.; Nzou, C.; Timire, C.; Owiti, P.; Harries, A.D.; Apollo, T. Implementation of the ’Test and Treat’ policy
for newly diagnosed people living with HIV in Zimbabwe in 2017. Public Health Action 2018, 8, 145–150. [CrossRef] [PubMed]

34. Gona, P.N.; Gona, C.M.; Ballout, S.; Rao, S.R.; Kimokoti, R.; Mapoma, C.C.; Mokdad, A.H. Burden and changes in HIV/AIDS
morbidity and mortality in Southern Africa Development Community Countries, 1990–2017. BMC Public Health 2020, 20, 867.
[CrossRef]

35. Is PrEP Right for Me? Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/hiv/basics/prep/
prep-decision.html (accessed on 1 August 2021).

36. Montales, M.T.; Chaudhury, A.; Beebe, A.; Patil, S.; Patil, N. HIV-Associated TB Syndemic: A Growing Clinical Challenge
Worldwide. Front. Public Health 2015, 3, 281. [CrossRef] [PubMed]

37. Thorne, C.; Ferencic, N.; Malyuta, R.; Mimica, J.; Niemiec, T. Central Asia: Hotspot in the worldwide HIV epidemic. Lancet Infect.
Dis. 2010, 10, 479–488. [CrossRef]

38. Guidelines for HIV Mortality Measurement. Geneva: World Health Organization; 2014. 1, Obtaining Cause-of-Death Information
for HIV/AIDS. Available online: https://www.ncbi.nlm.nih.gov/books/NBK236998/ (accessed on 1 August 2021).

http://doi.org/10.2807/1560-7917.ES.2018.23.21.1700382
http://doi.org/10.11604/pamj.supp.2014.18.1.4608
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/sites/default/files/media_asset/JC2670_UNAIDS_Treatment_Targets_en.pdf
https://www.unaids.org/sites/default/files/media_asset/JC2670_UNAIDS_Treatment_Targets_en.pdf
http://doi.org/10.1186/s12981-020-00290-3
http://www.ncbi.nlm.nih.gov/pubmed/32532294
http://doi.org/10.1097/QAD.0b013e32835a1156
http://www.ncbi.nlm.nih.gov/pubmed/23018442
http://doi.org/10.1056/NEJMp1201796
http://www.ncbi.nlm.nih.gov/pubmed/22571198
http://doi.org/10.1111/j.1468-1293.2012.00996.x
http://www.ncbi.nlm.nih.gov/pubmed/22413967
http://doi.org/10.1097/QAD.0000000000000071
http://doi.org/10.1016/j.jhep.2005.11.021
http://doi.org/10.1016/j.arbres.2019.11.015
http://doi.org/10.1097/QAI.0b013e3181b79d22
http://doi.org/10.1097/QAD.0000000000000496
http://www.ncbi.nlm.nih.gov/pubmed/25406756
http://doi.org/10.5588/pha.18.0030
http://www.ncbi.nlm.nih.gov/pubmed/30271732
http://doi.org/10.1186/s12889-020-08988-9
https://www.cdc.gov/hiv/basics/prep/prep-decision.html
https://www.cdc.gov/hiv/basics/prep/prep-decision.html
http://doi.org/10.3389/fpubh.2015.00281
http://www.ncbi.nlm.nih.gov/pubmed/26779470
http://doi.org/10.1016/S1473-3099(10)70118-3
https://www.ncbi.nlm.nih.gov/books/NBK236998/

	Introduction 
	Materials and Methods 
	Data Sources 
	Statistical Analyses 

	Results 
	Current HIV Mortality 
	Changes in HIV Mortality between the Start and End of the Study Period 

	Discussion 
	Conclusions 
	References

