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Hypertension care cascades and reducing 
inequities in cardiovascular disease in  
low- and middle-income countries

Improving hypertension control in low- and middle-income countries has 
uncertain implications across socioeconomic groups. In this study, we 
simulated improvements in the hypertension care cascade and evaluated the 
distributional benefits across wealth quintiles in 44 low- and middle-income 
countries using individual-level data from nationally representative, 
cross-sectional surveys. We raised diagnosis (diagnosis scenario) and 
treatment (treatment scenario) levels for all wealth quintiles to match the 
best-performing country quintile and estimated the change in 10-year 
cardiovascular disease (CVD) risk of individuals initiated on treatment. 
We observed greater health benefits among bottom wealth quintiles in 
middle-income countries and in countries with larger baseline disparities in 
hypertension management. Lower-middle-income countries would see the 
greatest absolute benefits among the bottom quintiles under the treatment 
scenario (29.1 CVD cases averted per 1,000 people living with hypertension 
in the bottom quintile (Q1) versus 17.2 in the top quintile (Q5)), and the 
proportion of total CVD cases averted would be largest among the lowest 
quintiles in upper-middle-income countries under both diagnosis (32.0% of 
averted cases in Q1 versus 11.9% in Q5) and treatment (29.7% of averted cases 
in Q1 versus 14.0% in Q5) scenarios. Targeted improvements in hypertension 
diagnosis and treatment could substantially reduce socioeconomic-based 
inequalities in CVD burden in low- and middle-income countries.

Cardiovascular disease (CVD) is the leading cause of death globally, with at 
least three-quarters of these deaths occurring in low- and middle-income 
countries1. The burden of CVD risk factors, such as hypertension, is high 
and rising in most low- and middle-income countries due to, notably, 
ongoing demographic, epidemiological and nutritional transitions1–3. 
Cost-effective interventions exist to prevent CVD through control of 
modifiable risk factors, which, for raised blood pressure (BP), include 
community-based and facility-based opportunistic screening programs 
and pharmacological treatment with anti-hypertensive medicines4.

Transitioning to primary care-oriented health systems able to  
manage patients with chronic disease over long time periods is 

necessary to reduce morbidity and mortality due to chronic con-
ditions5–7. However, there is considerable health system underper-
formance for diagnosing, treating and controlling CVD risk factors 
across and within countries, with major implications for equity8,9. For 
example, across 44 low- and middle-income countries, 74% of people 
living with hypertension had ever had their BP measured, 39% had 
been diagnosed with hypertension, 30% had received treatment and 
10% had achieved hypertension control10. Similarly poor performance 
for management of diabetes and hypercholesterolemia exists across 
low- and middle-income countries, leading to substantial avoidable 
morbidity and mortality11–15.
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Scenario targets
The best-performing country quintile in terms of the proportion of 
individuals living with hypertension aware of their diagnosis was the 
second quintile (Q2) in the Russian Federation, with 75.8% aware. We 
used this as the target proportion of individuals with hypertension 
aware of their diagnosis for each country quintile in the diagnosis 
scenario. The corresponding average treatment coverage levels after 
applying country-quintile-specific linkage to treatment can be found 
in Supplementary Table 5.

The top wealth quintile (Q5) in Afghanistan was the best- 
performing country quintile for treatment, with 66.9% of individuals 
with hypertension reporting being on treatment. We used this as the 
target proportion of individuals with hypertension on treatment for 
each country quintile in the treatment scenario. The targets for the 
sensitivity analyses can be found in Supplementary Tables 6–9.

Impact on CVD risk disparities
The mean 10-year CVD risk was reduced across most quintiles  
from baseline to diagnosis and treatment scenarios (Supplementary 
Table 10). The gap in CVD risk comparing the bottom (Q1) and top 
(Q5) quintiles also reduced for most countries (Fig. 2 and Supplemen-
tary Table 11). For example, in Timor-Leste, the absolute difference 
in CVD risk comparing Q1 and Q5 was 6.1 percentage points (pp) at 
baseline, 5.3 pp in the diagnosis scenario and 3.7 pp in the treatment 
scenario. In Indonesia, the difference in CVD risk comparing Q1 and 
Q5 was 5.6 pp at baseline and 5.7 pp in the diagnosis scenario but 
reduced to 3.7 pp in the treatment scenario. All absolute and relative 
changes in CVD risk compared to baseline by quintile and scenario 
for each country are provided in Supplementary Tables 12 and 13 and  
Supplementary Fig. 1.

Globally, the unequal burden of chronic conditions among poor 
households perpetuates cycles of poverty and ill health16. Inequali-
ties exist across socioeconomic groups within countries in terms of 
the distribution in access to healthcare services, health financing and 
health outcomes, and the distribution in diagnosis and care for CVD risk 
factors, although mixed, tends to favor wealthier individuals in low- and 
middle-income countries9,17–34. There is, thus, considerable opportu-
nity to improve performance for diagnosing, treating and controlling 
CVD risk factors, such as hypertension, among the poor. Although 
socioeconomic inequalities in hypertension control are documented, 
no studies have estimated the potential equity impact of improving 
hypertension diagnosis and treatment across socioeconomic groups 
in a range of low- and middle-income countries35–39. Whether ensur-
ing equitable access to screening and treatment for hypertension 
necessarily leads to improvements in socioeconomic-based health 
equity remains unknown given the multifactorial nature of CVD. If, 
for example, differences in CVD risk across wealth quintiles is primar-
ily driven by factors other than hypertension, such as smoking or 
obesity, then targeted efforts to improve hypertension management 
may not necessarily improve CVD risk equity. Therefore, documenting 
the distribution in CVD risk at baseline and in realistic improvement 
scenarios can inform the design of targeted primary care programs for 
hypertension management.

This paper aims to assess the potential equity benefits of scaling 
up diagnosis and treatment of hypertension in low- and middle-income 
countries. Specifically, we modeled improvements in hypertension 
care cascade performance and estimated the distributional impact on 
CVD cases across wealth quintiles in 44 low- and middle-income coun-
tries. The analysis leverages nationally representative, individual-level 
data on CVD risk factors and the hypertension care cascade disaggre-
gated across wealth quintiles in a large and geographically varied sam-
ple of countries. The findings can be used to prioritize policies aimed 
at reducing the unequal burden of CVD attributable to hypertension 
across socioeconomic groups. The main findings and policy implica-
tions of the work are summarized in Table 1. The main steps undertaken 
in the modeling analysis are presented in Extended Data Fig. 1.

Results
Data from 100,874 individuals between the ages of 40 and 80 years 
and living with hypertension were retained in our analysis, extracted 
from surveys across 44 countries (Table 2 and Supplementary Table 1).  
Median age ranged from 45 years in Albania and India to 60 years in 
China. Median body mass index (BMI) ranged from 21.1 kg m−2 (inter-
quartile range (IQR): 18.3–24.7) in Eritrea to 34.5 kg m−2 (30.8–41.4) in 
Samoa. Kiribati had the highest proportion of current smokers (51.0%), 
Eritrea the lowest (2.3%). Median systolic blood pressure (SBP) among 
individuals with hypertension ranged from 136 mmHg (IQR: 125–148) in 
Jordan to 156 mmHg (145–172) in Indonesia. Hypertension prevalence 
ranged from 19.5% (95% confidence interval (CI): 17.6–21.3) in Cambodia 
to 67.1% (64.6–69.7) in South Africa (Table 2).

Hypertension care cascade performance
Performance along the hypertension care cascade varied widely 
across countries and wealth quintiles. Upper-middle-income coun-
tries (UMICs) performed better than lower-middle-income countries 
(LMICs) and low-income countries (LICs) for all quintiles at each cas-
cade step (Fig. 1; see country-specific cascade values in Supplementary 
Table 2 and Supplementary Fig. 1). UMICs had a smaller loss from diag-
nosis to treatment compared to LMICs and LICs but a greater drop from 
treated to controlled. Across all country-level income groups, the top 
quintiles (Q4 and Q5) tended to have better cascade outcomes at each 
step (Supplementary Table 3). The gap between the top and bottom 
quintiles along the cascade varied across countries: the largest gaps 
were observed in Sudan, Namibia and Timor-Leste and the smallest 
gaps in Morocco, Jordan and Samoa (Supplementary Table 4).

Table 1 | Policy summary

Background It is unclear how improving hypertension management 
impacts disparities in CVD risk across socioeconomic 
groups in low- and middle-income countries. We simulated 
improvements in hypertension diagnosis and treatment 
levels and evaluated the distributional benefits across 
socioeconomic groups in 44 low- and middle-income 
countries.

Main findings 
and limitations

Targeted improvements along the hypertension care 
cascade can reduce socioeconomic-based CVD disparities 
in low- and middle-income countries. Some countries 
should prioritize improving both diagnosis and linkage 
to treatment of people living with hypertension in the 
bottom wealth quintiles, whereas others should prioritize 
raising diagnosis levels and maintaining existing linkage 
to treatment. This analysis focused only on improving 
diagnosis and pharmacological treatment for hypertension 
and did not include other interventions that could also 
reduce population-level CVD risk. The main limitations 
include the lack of longitudinal data that would allow for 
modeling of multiple cohorts over time and estimation 
of lifetime benefits as well as the lack of data on diabetes 
status and cholesterol levels that may impact baseline 
CVD risk estimates. We also assumed that individuals 
initiated on treatment would adhere to treatment and 
experience full CVD risk reduction benefits. Additionally, 
measurement error on the wealth quintile measure may 
lead to less pronounced equity benefits compared to a 
more reliable wealth measure.

Policy 
implications

As the burden of hypertension and associated CVDs 
continues to rise, prioritizing targeted hypertension 
management strategies that equalize diagnosis and 
treatment coverage levels across socioeconomic groups 
will improve health equity in low- and middle-income 
countries. Understanding how hypertension management 
programs can consider disparities in diagnosis and 
treatment coverage within countries will be critical for 
executing equity-sensitive hypertension management.
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Table 2 | Summary of CVD risk factors among people living with hypertension from population-based surveys in 44 low- and 
middle-income countries

Country Na Median 
age 
(years)

Age 
range 
(years)

Female 
(%)

Median BMI (IQR) Currently 
smoking (%)

Median SBP (IQR) Hypertension 
prevalence  
(95% CI)b

Country income group

Afghanistan 625 51 40–69 50 27.7 (24.4, 31.1) 9.9 147.0 (138.0, 157.5) 44.3 (37.2, 51.4) Low-income

Albania 793 45 40–49 51 27.1 (25.0, 29.8) 29.2 144.3 (138.0, 152.0) 38.8 (35.5, 42.2) Upper-middle-income

Algeria 1,192 53 40–69 50 28.2 (25.0, 32.0) 10.6 148.7 (141.3, 160.7) 42.7 (40.5, 45.0) Upper-middle-income

Azerbaijan 727 55 40–69 54 29.4 (26.7, 32.8) 19.5 147.3 (138.3, 163.3) 47.7 (44.0, 51.4) Upper-middle-income

Benin 912 50 40–69 52 23.6 (21.0, 28.2) 10.8 151.7 (141.3, 170.3) 44.2 (36.6, 51.9) Low-income

Bhutan 691 51 40–69 49 24.7 (22.0, 27.7) 2.9 143.5 (133.0, 158.0) 53.6 (50.0, 57.3) Lower-middle-income

Botswana 623 51 40–69 53 26.2 (22.7, 30.0) 22.7 149.3 (140.0, 164.0) 49.3 (43.9, 54.7) Upper-middle-income

Brazil 12,846 57 40–79 54 27.9 (24.8, 31.3) 16.2 141.0 (130.0, 154.0) 48.2 (47.2, 49.3) Upper-middle-income

Cambodia 613 52 40–64 51 23.1 (20.4, 25.6) 31.7 145.0 (138.0, 155.3) 19.5 (17.6, 21.3) Low-income

China 2,398 60 40–80 50 24.5 (22.2, 27.0) 28.3 142.0 (134.0, 155.0) 36.1 (34.2, 37.9) Upper-middle-income

Ecuador 680 56 40–69 44 29.5 (26.3, 32.5) 7.8 141.7 (131.3, 153.3) 31.1 (28.5, 33.7) Upper-middle-income

Eritrea 639 56 40–74 69 21.1 (18.3,24.7) 2.3 147.0 (141.0, 158.5) 20.4 (18.2, 22.5) Low-income

Eswatini 430 55 40–70 64 29.3 (25.1, 33.9) 6.4 146.5 (136.5, 164.0) 48.4 (44.1, 52.7) Lower-middle-income

Ethiopia 628 50 40–69 40 21.5 (19.4, 24.5) 3.9 148.5 (141.5, 161.5) 26.4 (23.5, 29.4) Low-income

Gambia 469 50 40–64 51 25.1 (22.0, 28.7) 15.4 149.0 (141.0, 166.0) 41.8 (37.4, 46.1) Low-income

Ghana 2,234 48 40–79 46 23.4 (20.7, 27.7) 8.0 145.5 (135.5, 158.5) 47.7 (43.5, 51.9) Lower-middle-income

India 45,906 45 40–54 37 24.3 (21.5, 27.4) 38.7 140.0 (130.7, 149.0) 27.7 (27.1, 28.2) Lower-middle-income

Indonesia 5,444 56 40–79 61 24.2 (21.2, 27.5) 25.0 155.5 (144.5, 172.0) 44.5 (42.5, 46.4) Lower-middle-income

Jordan 964 54 40–69 51 31.1 (27.5, 35.3) 34.4 136.0 (125.0, 148.0) 41.8 (38.8, 44.8) Upper-middle-income

Kenya 730 51 40–69 52 24.8 (21.7, 29.2) 9.5 146.0 (138.0, 159.5) 42.0 (38.4, 45.5) Lower-middle-income

Kiribati 187 50 40–69 54 30.7 (26.6, 35.2) 51.0 141.0 (138.0, 156.0) 49.9 (41.5, 58.3) Lower-middle-income

Kyrgyzstan 962 52 40–64 51 29.0 (25.7, 32.7) 21.0 150.0 (139.3, 165.7) 63.8 (60.9, 66.8) Lower-middle-income

Laos 303 51 40–64 61 25.2 (22.5, 28.2) 24.2 145.3 (136.0, 156.7) 25.9 (22.7, 29.1) Lower-middle-income

Lesotho 389 46 40–59 56 27.2 (23.0, 31.4) 15.7 145.3 (133.0, 158.7) 34.6 (31.0, 38.2) Lower-middle-income

Moldova 1,802 54 40–69 53 29.2 (25.7, 33.5) 18.8 153.3 (141.3, 169.3) 62.7 (59.9, 65.5) Lower-middle-income

Morocco 1,163 57 40–79 54 27.7 (24.8, 31.2) 7.6 150.0 (141.7, 164.7) 42.5 (40.4, 44.6) Lower-middle-income

Myanmar 1,985 51 40–64 56 24.2 (21.1, 27.8) 24.0 148.7 (137.7, 162.0) 41.8 (37.5, 46.2) Lower-middle-income

Namibia 1,235 50 40–64 61 25.8 (21.4,31.0) 17.5 144.0 (133.0, 157.0) 48.4 (46.0, 50.9) Upper-middle-income

Niger 549 50 40–64 42 21.3 (19.1,23.9) 3.3 154.7 (143.7, 172.0) 51.9 (48.9, 55.0) Low-income

Russian 
Federation

2,157 59 40–79 63 28.9 (26.0, 32.2) 19.8 145.0 (137.5, 159.5) 53.5 (44.4, 62.5) Upper-middle-income

Rwanda 500 51 40–64 52 22.5 (20.3, 25.2) 24.1 146.7 (137.0, 158.7) 31.4 (28.6, 34.2) Low-income

Samoa 256 53 40–64 46 34.5 (30.8, 41.4) 19.2 148.3 (143.0, 161.0) 38.5 (35.0, 42.1) Lower-middle-income

Sao Tome and 
Principe

525 51 40–64 53 24.9 (22.1, 28.9) 8.8 155.3 (143.7, 172.3) 57.0 (50.5, 63.4) Lower-middle-income

Solomon Islands 278 51 40–69 59 29.1 (24.9, 33.5) 17.6 151.0 (141.3, 163.7) 32.5 (27.0, 38.1) Lower-middle-income

South Africa 2,289 57 40–79 58 28.6 (24.5, 34.1) 21.5 145.5 (134.0, 160.5) 67.1 (64.6, 69.7) Upper-middle-income

Sri Lanka 1,136 55 40–69 51 24.4 (21.5, 27.1) 12.7 146.7 (138.0, 159.7) 42.8 (40.6, 45.0) Lower-middle-income

St. Vincent &  
the Grenadines

644 53 40–69 52 29.0 (25.5, 33.4) 8.9 146.5 (137.5, 158.0) 41.6 (37.1, 46.0) Upper-middle-income

Sudan 1,505 50 40–69 50 25.5 (22.1, 29.7) 8.4 148.3 (139.7, 160.7) 50.2 (47.6, 52.8) Lower-middle-income

Tanzania 1,053 50 40–64 53 23.7 (20.4, 27.3) 18.4 153.5 (143.0, 169.5) 38.2 (34.9, 41.5) Low-income

Timor-Leste 357 52 40–69 55 21.5 (19.3, 24.3) 30.5 151.0 (140.5, 162.0) 36.6 (33.4, 39.7) Lower-middle-income

Togo 392 50 40–64 55 23.7 (21.0, 28.1) 11.3 148.0 (140.5, 161.5) 39.5 (36.0, 43.0) Low-income

Uganda 392 51 40–69 56 22.2 (20.0, 26.0) 11.2 146.5 (136.5, 162.0) 38.8 (35.2, 42.4) Low-income

Vanuatu 890 51 40–64 52 27.5 (24.3, 31.2) 16.8 151.0 (143.5, 164.0) 40.8 (37.6, 44.0) Lower-middle-income

Zambia 381 51 40–69 50 24.7 (21.5, 28.9) 13.3 147.0 (140.3, 159.0) 32.7 (29.2, 36.1) Lower-middle-income
aUnweighted sample size. bAmong entire country sample. Note: Table shows weighted distribution of CVD risk factors in participants ages 40–80 years living with hypertension from 
population-based surveys conducted in 44 low- and middle-income countries.
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Fig. 1 | Hypertension care cascades by wealth quintile across country-
level income groups. Bars represent the proportion of people living with 
hypertension aware of their diagnosis, on treatment and with controlled blood 

pressure by wealth quintile pooled across low-income (n = 11 countries), lower-
middle-income (n = 21 countries) and upper-middle-income (n = 12 countries) 
country groups. Thin bars represent 95% confidence intervals.
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Fig. 2 | Absolute difference in mean CVD risk comparing bottom and top 
wealth quintiles by country and scenario. Dots represent the absolute 
(percentage point) difference in mean 10-year CVD risk comparing the bottom 
(Q1) and top (Q5) wealth quintiles, color-coded by scenario (‘baseline’, ‘diagnosis’ 
or ‘treatment’ scenario) for each country. The vertical gray dotted line at x = 0 
represents the point where there is no difference in CVD risk comparing bottom 
(Q1) and top (Q5) wealth quintiles. Values to the right of the dotted line are 
where mean CVD risk is higher in the bottom (Q1) quintile and values to the left 

of the dotted line are where mean CVD risk is higher in the top (Q5) quintile. The 
‘baseline’ scenario summarizes CVD risk by wealth quintile using the observed 
risk factors in each country-specific survey. In the simulated ‘diagnosis’ scenario, 
hypertension diagnosis was increased for all wealth quintiles to the level of the 
best-performing country quintile and maintained baseline linkage to treatment 
for each wealth quintile. In the simulated ‘treatment’ scenario, treatment 
coverage was increased for all wealth quintiles to the level of the best-performing 
country quintile across all countries.
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Distribution of CVD cases averted by country income group
Across countries, CVD cases averted were the largest among Q1 in 
LMICs in the treatment scenario (29.1 cases averted per 1,000 people 
living with hypertension) (Fig. 3). More CVD cases were averted (per 
1,000 people with hypertension) among bottom quintiles compared 
to top quintiles across all country groups in the diagnosis scenario and 
among LMICs and UMICs in the treatment scenario (with the treat-
ment scenario exhibiting a steeper gradient compared to the diagnosis 
scenario). A more equal distribution of CVD cases was averted across 
quintiles in LICs in the treatment scenario.

A greater proportion of total CVD cases averted occurred in Q1 
compared to Q5 for UMICs in the diagnosis and treatment scenarios 
(32.0% of total CVD cases averted occurred in Q1 compared to 11.9% 
in Q5 in the treatment scenario, and 29.7% of cases averted occurred 
in Q1 compared to 14.0% in Q5 in the diagnosis scenario) (Fig. 4). For 
LICs, 26.8% of total CVD cases were averted among Q1 and 17.7% among 
Q5 in the diagnosis scenario. A more equal spread of total CVD cases 
averted occurred in LICs in the treatment scenario and in LMICs in 
both scenarios.

Distribution of CVD cases averted by cascade gap and region
Countries with large gaps in cascade performance (comparing Q1 
and Q5) at baseline tended to see greater absolute benefits accru-
ing to lower wealth quintiles compared to countries with smaller 
gaps in baseline cascade performance. Almost equal gains accrued 
to all quintiles for countries with a low gap in baseline performance 
for hypertension management between Q1 and Q5 (Supplementary  
Tables 14 and 15). Across regions, countries in Southeast Asia averted  
the most CVD cases per 1,000 people with hypertension among Q1 
(30.4 versus 17.6 in Q5), followed by countries in Europe with 21.3 CVD 
cases averted per 1,000 people with hypertension among Q1 (versus 
2.1 in Q5) in the treatment scenario. In terms of the proportion of total 
CVD cases averted, 46.9% were averted among Q1 (versus 3.2% in Q5) 
in countries in Europe (Supplementary Tables 16 and 17).

Sensitivity analyses
The overall magnitude and distribution of benefits depended on  
the target definition in the simulated intervention scenarios. When 
targets were set separately by terciles of baseline care cascade per-
formance (performance-based targets), with less ambitious targets 
for countries with poor baseline performance, fewer CVD cases  
were averted (compared to the main targets). Despite smaller overall 
benefits, increases in diagnosis and treatment conferred larger benefits 
to lower wealth quintiles across all three terciles of baseline care cas-
cade performance and across both diagnosis and treatment scenarios 
(measured as CVD cases averted per 1,000 people with hypertension 
and as proportion of total CVD cases averted; Extended Data Fig. 2  
and Supplementary Tables 18–21).

When targets were set as a 50% relative improvement applied to 
each country quintile’s baseline performance (relative increase targets),  
fewer CVD cases were averted (compared to the main targets), and we 
did not observe an equity-enhancing distribution of CVD cases averted 
(Extended Data Fig. 3 and Supplementary Tables 22–25). Because  
equal relative improvements produce larger absolute improvements 
for country quintiles with better baseline performance, relative 
increase targets did not reduce gaps in CVD risk between Q1 and Q5 
and, instead, increased the gap in most countries (Extended Data Fig. 4).

When we simulated improvements to the level of the best- 
performing quintile within each country (within-country targets), 
we obtained lower absolute reductions in CVD risk across all country 
quintiles compared to the main targets. However, improving perfor-
mance of only the worst-performing quintiles within countries led to 
a greater proportion of CVD cases averted among bottom quintiles in 
LICs, LMICs, and UMICs in the diagnosis scenario (compared to the 
main targets) and among LMICs and UMICs in the treatment scenario 
(compared to the main targets) (Extended Data Fig. 5 and Supplemen-
tary Tables 26–29).

Lastly, we observed generally weak correlation between educa-
tional attainment and wealth quintile within countries. Correlation 
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Fig. 3 | CVD cases averted compared to baseline across wealth quintiles, by 
scenario and country-level income group. Bars represent CVD cases averted 
per 1,000 people living with hypertension compared to baseline in each wealth 
quintile, by modeled scenario (either ‘diagnosis’ or ‘treatment’ scenario) and 
country-level income group. In the simulated ‘diagnosis’ scenario, hypertension 

diagnosis was increased for all wealth quintiles to the level of the best-
performing country quintile and maintained baseline linkage to treatment for 
each wealth quintile. In the simulated ‘treatment’ scenario, treatment coverage 
was increased for all wealth quintiles to the level of the best-performing country 
quintile across all countries.
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coefficients were between 0.0 and 0.3 in 15 countries, between 0.3 and 
0.5 in 23 countries and greater than 0.5 in only six countries. Higher 
educational attainment tended to be associated with better outcomes 
across the hypertension care cascade in LICs and LMICs; however,  
this pattern was not observed in UMICs (Supplementary Table 30).  
In both diagnosis and treatment scenarios in the education group 
targets, larger benefits generally accrued to populations with  
lower education in LICs and LMICs, whereas benefits were more evenly 
distributed in UMICs (Supplementary Table 31).

Discussion
Simulating individual-level data from 44 nationally representative 
surveys, we found that the largest benefits accrued to bottom quintiles 
in LMICs in the treatment scenario (when defined as CVD cases averted 
per 1,000 people with hypertension) and in UMICs in both scenarios 
(proportion of total CVD cases averted), with LICs seeing relatively 
equal benefits accrued across quintiles in the treatment scenario and 
a slight pro-poor gradient in the diagnosis scenario. This may be due to 
LMICs and UMICs being relatively farther along in the demographic, epi-
demiological and nutritional transitions compared to LICs. As countries 
develop, fertility declines, populations age and dietary patterns change, 
chronic disease burden tends to shift from predominantly impacting 
wealthier, urban populations to lower-income, rural populations40–43.

The population-level impact of improved treatment coverage was 
higher compared to improved diagnosis without improved linkage 
to treatment (approximately 7.0 million versus 4.5 million CVD cases 
averted). Absolute benefits also tended to be larger for the bottom  
quintiles in the treatment scenario compared to the diagnosis scenario 
where inequalities in linkage to treatment across quintiles remained 
at baseline levels. Countries where the loss from diagnosis to treat-
ment was lower (which was more common in UMICs) could reach 
equity-enhancing CVD outcomes by improving diagnosis levels and 
maintaining baseline linkage to treatment; however, countries where 
that loss was higher and more unequal (more common in LMICs) should 
focus on improving diagnosis levels across wealth quintiles and improv-
ing linkage to treatment among poorer-performing quintiles. Among 

LICs, priorities should include improving diagnosis, linkage to treatment 
and subsequently treatment coverage levels across quintiles, because 
coverage for all cascade steps was low. These findings highlight that 
equitable improvements in diagnosis must be coupled with improving 
equity in linkage to treatment. Understanding how treatment programs 
(such as the World Health Organization’s (WHO) HEARTS hypertension 
package) can be tailored to consider disparities in diagnosis and treat-
ment coverage across socioeconomic groups within countries will be 
critical for executing equity-sensitive hypertension management44.

Expectedly, countries with large performance gaps in managing 
the hypertension care cascade across wealth quintiles tended to have 
greater reductions in CVD risk among the bottom quintiles compared 
to countries with smaller baseline performance gaps. Targeted inter-
ventions that improve hypertension diagnosis and treatment cover-
age gaps between top and bottom quintiles could, thus, substantially 
improve health among the poorest. On the demand side, health financ-
ing policies that reduce financial barriers to accessing care for hyper-
tension, including medical consultations and access to medicines, 
could incentivize utilization among the poorest while also improving 
financial risk protection8,16,45,46. This may include interventions such as 
conditional cash transfers for accessing and being retained in care or 
expansion of universal coverage policies that explicitly finance primary 
care consultations and medicines costs for chronic disease care and 
risk factor management. Improving quality of primary care may also 
generate demand at lower health system levels and promote equita-
ble coverage. On the supply side, community-based hypertension 
screening programs with integrated care teams that provide preventive 
care to hard-to-reach populations, such as in Costa Rica, could be an 
effective model for scaling up targeted interventions47. Task-sharing 
hypertension screening to community health workers can also be an 
effective strategy in resource-limited settings48,49. Tools like the HEARTS 
costing tool can be used by countries to assess the incremental costs 
of scaling up task-sharing of hypertension management50. Countries 
will need to design context-specific solutions to improve equity in 
coverage, especially when large performance gaps between top and 
bottom quintiles exist. Improved hypertension management must also 
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be accompanied by broader health system strengthening efforts that 
address the determinants of poor performance, such as inadequate 
physical, human and financial resources, as well as suboptimal coor-
dination of care processes and delivery of cost-effective interventions.

The sensitivity analyses highlight the importance of imple-
menting hypertension cascade performance improvements that 
reach equal absolute coverage levels across wealth quintiles. Over-
all, varying targets according to baseline performance level tercile 
(performance-based targets) or to the level of the best-performing 
quintile within countries (within-country targets) changed the magni-
tude of CVD cases averted but did not substantially change the distribu-
tion of cases averted across quintiles (compared to the main targets). 
The relative increase targets, however, increased CVD risk disparities. 
This represents a situation where hypertension management is imple-
mented in a way that is agnostic to addressing socioeconomic-based 
disparities in hypertension diagnosis and treatment levels. Simply 
improving average coverage levels for hypertension diagnosis and 
treatment may further exacerbate socioeconomic-based inequalities in 
CVD risk, again highlighting the need for equity-sensitive hypertension 
management policies to implement targeted interventions aimed at 
reaching equal (and improved) coverage levels across socioeconomic 
groups. Although there was low correlation between educational 
attainment and wealth quintile, improving performance for hyperten-
sion management also resulted in equitable improvements in CVD risk 
across education levels, particularly in LICs and LMICs.

We have shown that, by improving diagnosis and treatment of 
hypertension, health systems can reduce CVD risk disparities across 
socioeconomic groups. The distribution of benefits, however, will ulti-
mately depend on baseline differences in health status and intervention 
coverage across quintiles. Examining the distribution of CVD risk factors 
and care cascade performance by socioeconomic groups is important for 
evaluating whether health system strengthening interventions can con-
tribute to gains in both levels and distributions of health within countries.

This study has several limitations and assumptions. First, CVD risk 
scores were estimated over a 10-year horizon, and so we did not con-
sider lifetime benefits of improved hypertension management, which 
may underestimate impact. We chose a 10-year time horizon because 
the CVD risk calculators calibrated to LMICs estimate risk over 10 years. 
Within the 10-year horizon, we assumed that individuals initiated on 
treatment would adhere to treatment, which may overestimate the 
effect of improved treatment coverage. We also did not account for 
prior CVD events when calculating individual-level CVD risk due to 
limited availability of data, and we were unable to use laboratory-based 
Globorisk models due to limited data on lipid levels and diabetes  
status51. As a result, we assumed that BP control among people living 
with diabetes and hypertension would be similar to those living with 
only hypertension52. We also chose to use Globorisk risk prediction 
models because Globorisk provides 10-year CVD risk scores calibrated 
at the country level, whereas WHO risk charts, for example, are cali-
brated only at the regional level51,53,54. Second, this analysis simulated 
impact among one cohort representing the population, including its 
age structure, in each country quintile at the time of the survey. We 
did not simulate the impact of cascade improvements over multiple 
cohorts over time for which changing population demographics and 
trends in CVD risk factor prevalence would need to be considered. In 
terms of cascade data, we used cross-sections of cascade performance, 
but longitudinal data on changes in performance for diagnosis, treat-
ment and control would likely provide a more realistic picture of an 
individual’s progression through the hypertension care cascade over 
time55. Third, because we conducted a complete case analysis that 
removed observations for which any relevant variable was missing, we 
assumed that any missing response was missing due to random chance 
and not dependent on observed or unobserved covariates56. In addi-
tion, some of the included surveys were older and so might not reflect 
current hypertension cascade performance and risk factor levels.

Fourth, the analysis did not consider the capacity of each coun-
try’s health system to reach the targets but was rather meant to show 
the possible benefits per given target. In the diagnosis scenario, we 
assumed the same linkage to treatment levels as observed at baseline; 
however, undiagnosed individuals are likely more difficult to link to 
treatment compared to those already diagnosed. How countries can 
best work to improve hypertension management performance and 
target improvements to address equity in each cascade step will require 
context-specific solutions. Fifth, there is likely measurement error 
on the wealth quintile variable across countries. STEPwise approach 
to Surveillance (STEPS) surveys include only a crude, self-reported 
income measure (whereas other surveys, such as Demographic and 
Health Surveys, include a more detailed measurement of assets and 
wealth). Potential measurement error on the wealth variable may flatten 
disparities across quintiles, and our simulated equity impact of cascade 
improvements might be more pronounced with a more reliable wealth 
measure. Sixth, in terms of scope, the analysis focused only on improving 
diagnosis and pharmacological treatment for hypertension and did not 
include other interventions that could also reduce population-level CVD 
risk (for example, sodium reduction policies or taxes on tobacco). We 
also only evaluated the effect of cascade improvements on CVDs and did 
not consider other health benefits from increased interactions with the 
health system. Additionally, the inclusion of costs and cost-effectiveness 
is largely left for future work. Seventh, for simplicity, we chose an egali-
tarian norm in considering equality across wealth quintiles in our simu-
lated scenarios, but other normative views could have been used, such 
as prioritarianism, for example, that would give greater weight to the 
worse-off57. Lastly, we acknowledge that our study focused only on dis-
parities in hypertension management across socioeconomic groups and 
did not consider disparities across other dimensions, such as gender, 
ethnicity or residence, nor any interactions across these dimensions.

Globally, calls for improving health system performance for man-
aging hypertension are increasing; however, previous projections 
of the health impact focus on average effects and do not consider 
within-country inequalities in hypertension management. In this analy-
sis, we highlight the considerable disparities in hypertension manage-
ment across socioeconomic groups within countries and show that 
reaching improved and equal coverage of diagnosis and treatment of 
hypertension can have a major impact on CVD risk equity. As equity 
in access and outcomes is a paramount priority for countries along 
their journeys toward universal health coverage, and as the burden 
of hypertension and CVDs continues to rise, implementing targeted 
interventions that lead to equitable improvements in health system 
performance for managing hypertension will be critical. National 
health systems and the global health community will need to develop 
and scale up context-specific and equity-sensitive hypertension man-
agement programs along with explicitly prioritizing equity in national 
and international target setting for hypertension management and 
CVD prevention more broadly.
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Methods
Ethics and inclusion statement
Ethical approval for the included population-based surveys was sought 
from the respective country’s ethics review committee before data col-
lection. All surveys followed standardized ethics procedures, such as 
asking for participants’ informed consent to participate in the respec-
tive surveys. The final collated Global Health and Population Project 
on Access to Care for Cardiometabolic Diseases (HPACC) dataset is 
de-identified, and no investigator can contact or re-identify partici-
pants. The HPACC dataset was designated as Non-Human Subjects 
Research by the Harvard T.H. Chan School of Public Health under 
protocol IRB16-1915. Local researchers were included in the research 
process and are listed as authors where relevant. Local and regional 
research has been taken into account in citations.

Overview
We developed a microsimulation model to estimate the impact of 
improving socioeconomic-based equity in the hypertension care cas-
cade on the distribution of 10-year CVD risk across wealth quintiles in 
44 low- and middle-income countries. We simulated two scenarios: (1) a 
‘diagnosis scenario’, where the proportion of people living with hyper-
tension aware of their diagnosis in each country quintile was raised to 
the level of the best-performing country quintile (while maintaining 
baseline levels of quintile-specific linkage to treatment); and (2) a 
‘treatment scenario’, where the proportion of people living with hyper-
tension on treatment was raised to the level of the best-performing 
country quintile (Extended Data Fig. 1).

First, for each country, we estimated the baseline distribution 
of CVD risk using individual-level data on CVD risk factors, including 
age, sex, smoking status, BMI and SBP, from population-based surveys. 
We constructed hypertension care cascades (hereafter referred to as 
‘cascades’) in computing, by wealth quintile, the proportion of people 
living with hypertension who (1) were aware that they were hyperten-
sive, (2) were on treatment for hypertension and (3) had hypertension 
controlled.

Second, for each country, we simulated the impact of improving 
cascade performance for hypertension screening (that is, diagnosis) 
and treatment across wealth quintiles for two target scenarios (see 
‘Baseline, diagnosis and treatment scenarios’ subsection below). The 
coverage levels of the target scenarios (for the proportion of people 
with hypertension to be screened and linked to treatment) were set 
to the best-performing wealth quintile in each cascade step ((1) and 
(2) above) across all countries (that is, the best-performing ‘country 
quintile’).

By scenario, we summarized the change in CVD risk across wealth 
quintiles and countries by calculating absolute (CVD cases averted per 
1,000 people with hypertension) and relative (mean relative (%) decline 
in CVD risk) changes compared to baseline. We also reported CVD cases 
averted per 1,000 people with hypertension and the proportion of total 
CVD cases averted in each wealth quintile, pooled by country-level 
income group (following the World Bank classification), baseline cas-
cade gap terciles (calculation described below) and WHO region58.

Target population and data sources
We used individual-level data from WHO STEPS surveys and other simi-
lar, nationally representative surveys from 44 low- and middle-income 
countries conducted from 2007 to 2019. These surveys were collated 
and harmonized by the HPACC59. Details on the surveys included can 
be found in Supplementary Table 32.

Using a microsimulation model, we simulated improvements in 
cascade performance for individuals living with hypertension (defined 
as SBP ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg 
according to WHO guidelines)60. We conducted a complete case  
analysis among individuals aged 40–80 years. Individuals included in 
the analysis had non-missing responses for age, sex, BMI (height and 

weight), smoking status (current smoker or not) and SBP as well as 
information on whether they were aware that they were hypertensive 
or were on anti-hypertensive treatment (Supplementary Table 33). We 
included countries for which a measure of socioeconomic status (SES, 
income or asset index) was available (see below) to construct wealth 
quintiles within each country. We did not include countries where 
the bottom wealth quintile showed better hypertension care cascade 
outcomes compared to the top wealth quintile at baseline. All estimates 
were adjusted for the survey design so that findings were representative 
of each country’s population at the time of the survey.

Measurement of BP
For individuals with three BP measurements, we used the mean of the 
last two measurements; for those with only two BP measurements, 
we averaged the measurements. In instances when no second or third 
measurement was taken, we used the single measurement. We defined 
hypertension status as either SBP ≥ 140 mmHg or DBP ≥ 90 mmHg or 
reporting to take medication to lower BP. Details on measurement 
devices, number of measurements and interval between BP measure-
ments by survey and country are provided in Supplementary Table 34.

Construction of wealth quintiles
For the surveys providing information on household ownership of 
durable goods and dwelling characteristics, we used the standard 
approach of the Demographic and Health Surveys to compute a 
household wealth index. We created a binary indicator for each asset 
and dwelling characteristic and conducted a principal component 
analysis (PCA) on these variables, and then we extracted the first (unro-
tated) principal component from the PCA. This yielded a continuous  
household wealth index, which we divided into quintiles.

Most STEPS surveys asked about household income in the past 
year. If survey participants were not able to provide this information, 
they could select from a pre-coded scale of income ranges. We com-
bined both measures into joint wealth quintiles by sorting pre-coded 
income categories into quintiles generated from exact responses. 
We estimated an income ranking within pre-coded categories using 
primary sampling unit, education and work status and assumed a 
log-normal distribution of income to determine the shares of individu-
als falling into each of the quintiles generated from exact responses58. 
Wealth quintile type by country is provided in Supplementary Table 35.

CVD outcomes
For each individual, we estimated the 10-year risk of CVD events 
(including coronary heart disease (CHD) and stroke) using office-based  
Globorisk models and the observed risk factors in the surveys42.

Baseline, diagnosis and treatment scenarios
We modeled improvements in horizontal equity (those with the same 
needs receive the same amount of care) along the hypertension care 
cascade. This contrasts with vertical equity, where individuals with 
different levels of need consume different amounts of care61. In our 
analysis, achieving horizontal equity means that the same level of 
hypertension diagnosis or treatment is achieved for all people living 
with hypertension across wealth quintiles and countries. The baseline 
and two simulated (diagnosis and treatment) scenarios are described 
immediately below.

Baseline scenario. We computed the 10-year risk of CVD events by 
wealth quintile in each country using the observed risk factors in  
the surveys.

Diagnosis scenario (simulated). We identified the best-performing 
country quintile in terms of the proportion of individuals with hyper-
tension aware that they were hypertensive (that is, diagnosed), across 
all countries and quintiles. We then randomly assigned a subset of 
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individuals with hypertension unaware of their status (that is, undiag-
nosed) in each quintile to be newly diagnosed, to raise the proportion 
of individuals with hypertension aware of their status to the level of 
the best-performing country quintile. We assumed the same linkage to 
treatment (that is, proportion of those diagnosed linked to treatment) 
observed in each country quintile’s baseline cascade for the proportion 
of the additional individuals diagnosed initiated on treatment.

Treatment scenario (simulated). We identified the best-performing 
country quintile in terms of the proportion of individuals with hyper-
tension who were on treatment, across all countries and quintiles. We 
then randomly assigned a subset of individuals with hypertension not 
on treatment to be initiated on treatment, to raise the proportion of indi-
viduals on treatment to the level of the best-performing country quintile.

Impact of anti-hypertensive medications on CVD risk
To estimate the relative risk (RR) reduction on CVD risk for each  
individual on treatment in the scenarios of improved diagnosis and 
improved treatment, we conducted a two-stage estimation62.

First, we calculated the estimated change in SBP from one 
BP-lowering drug (standard dosage). Second, we used the estimated 
change in SBP for each individual to calculate age-specific reductions 
in CVD risk for CHD and stroke separately. To create a composite RR 
reduction estimate, we took a weighted average of each individual’s 
estimated risk reduction for CHD and stroke. We used weights that 
corresponded to the proportion of CVD deaths attributable to CHD and 
stroke from the 2019 Global Burden of Disease study for each country, 
age group and sex category63. The equations used are displayed below.

To estimate the change in SBP from one BP-lowering drug (stand-
ard dosage) for an individual i, we used62:

ΔSBPi = 9.1 + 0.10 ∗ (SBPprei − 154) , (1)

where SBPprei is the individual i’s pre-treatment SBP.
To estimate the corresponding RR reduction, we used62:

RRCHDi = (RRCHD)
ΔSBPi
20 , (2)

where RRCHD is the age-specific RR for CHD (Supplementary Table 36 
and ref. 62) and:

RRSti = (RRst)
ΔSBPi
20 , (3)

where RRSt is the age-specific RR for stroke (Supplementary Table 36).
A composite RR estimate could then be computed as:

RRCVDi = RRCHDi ∗wtCHD + RRSti ∗wtSt, (4)

where wtCHD is the proportion of CVD deaths attributable to CHD in 
individual i’s country, age group and sex, and wtstroke is the proportion 
of CVD deaths attributable to stroke in individual i’s country, age group 
and sex63.

Statistical analysis
We applied the RR reduction to baseline CVD risk scores for individuals 
newly initiated on treatment in the simulated scenarios. We summa-
rized the change in CVD risk across scenarios and wealth quintiles by 
reporting absolute (CVD cases averted per 1,000 people with hyper-
tension) and relative (mean relative (%) decline in CVD risk) changes 
compared to baseline.

Impact on CVD risk disparities. To summarize the impact on 
socioeconomic-based CVD risk disparities, we evaluated the percent-
age point gap in CVD risk comparing the bottom (Q1) and top (Q5) 
wealth quintiles in each scenario and country.

Distribution of CVD cases averted by country income group. We 
calculated CVD cases averted per 1,000 people with hypertension and 
the proportion of CVD cases averted by quintile across LICs, LMICs 
and UMICs. First, we calculated the total number of individuals with 
hypertension in each country quintile by multiplying country and 
quintile-specific hypertension prevalence by a country’s total popula-
tion (in the year of the country-specific survey) divided by 5 (to approxi
mate the number of individuals in each wealth quintile). We then 
summed by wealth quintile, for each country-level income group and 
scenario, the estimated number of CVD cases averted and divided by 
the total number of individuals with hypertension in that country-level 
income group and wealth quintile to calculate quintile-specific CVD 
cases averted per 1,000 people living with hypertension across LICs, 
LMICs and UMICs.

To calculate the proportion of CVD cases averted by quintile 
pooled across LICs, LMICs and UMICs, we divided the estimated num-
ber of CVD cases averted by wealth quintile, country-level income 
group and scenario by the total cases averted in each country-level 
income group and scenario. As such, countries contributed to the 
total CVD cases averted proportionally to the size of the population 
of individuals with hypertension in the country.

Distribution of CVD cases averted by cascade gap and region. We 
also reported results by the estimated gap at baseline for hyperten-
sion management between the bottom (Q1) and top (Q5) quintiles 
in each country (‘baseline cascade gap’). We ranked countries by the 
magnitude of the differential area under the cascade comparing Q1 
and Q5 and split them into three groups: ‘low’, ‘medium’ and ‘high’ 
gaps of socioeconomic disparities in the hypertension care cascade 
at baseline (these three gaps were delimited by the three terciles in 
disparities in observed cascade performance). We calculated the dis-
tribution of CVD cases averted (per 1,000 people with hypertension 
and as a proportion of total CVD cases averted) by baseline cascade 
gap tercile using the same method described above for calculations 
by country-level income group. Additionally, we reported results for 
each scenario by WHO region.

Uncertainty. We included uncertainty in the simulations due to the ran-
dom selection of individuals diagnosed and/or initiated on treatment 
by repeating each target scenario n1 = 1,000 times. In each iteration, 
we constructed distributions of our outcome measures (CVD risk and 
absolute and relative change in CVD risk compared to baseline) using 
a normal distribution with the country-specific and quintile-specific 
mean and standard deviation (using sampling weights and considering 
the clustered survey design). We then randomly sampled n2 = 1,000 
from these distributions to yield n = 1,000,000 simulated mean out-
come measures. We report 95% uncertainty intervals (UIs) based on 
the 2.5th and 97.5th percentiles of these n estimates for each country, 
wealth quintile, scenario and outcome measure.

Sensitivity analyses. Our main targets used the best-performing 
country quintile at each cascade step as the target coverage level for 
all countries and quintiles. As alternatives, we tested varying targets 
(described below) to contrast with our main targets.

Performance-based targets. We set targets according to baseline 
cascade performance terciles. For this, we calculated the area under 
the care cascade for each quintile in each country and created terciles 
(bottom, middle and top) from rankings of each country’s area under the 
cascade for its best-performing quintile. We used the best-performing 
country quintile within each tercile of performance as targets. The top 
tercile’s performance-based targets are the same as the main analysis 
targets, whereas the middle and bottom terciles’ targets are lower. These 
performance-based targets may be viewed as more realistic targets, 
especially for countries in the bottom tercile of baseline performance.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-023-02769-8

Relative increase targets. We modeled a situation where every  
quintile’s baseline cascade performance was improved by 50% to 
approximate a situation where relative cascade performance improve-
ment is equal across quintiles (rather than reaching equal absolute 
coverage levels). This could capture a situation where equity-sensitive 
cascade improvements are not implemented.

Within-country targets. We simulated here an alternative sce-
nario where all quintiles were raised to the coverage level of the 
best-performing quintile within each country. This approximates a 
lower bound for the CVD risk reduction and distributional gains from 
improved hypertension management.

Education group targets. We repeated here the main analysis using 
level of educational attainment (no primary schooling, less than pri-
mary school completed, primary school completed, less than second-
ary school completed and secondary school completed), in place of 
wealth quintile, for the SES measure.

All analyses were conducted using R software (https://www. 
r-project.org/) (version RStudio 2021.09.2+382).

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
Many surveys contained in the HPACC dataset are publicly available. 
The two most common repository sources are the WHO data reposi-
tory (https://extranet.who.int/ncdsmicrodata/index.php/home) 
and the DHS website (https://dhsprogram.com/data/). Several addi-
tional surveys have been obtained through formal requests of survey 
teams whose data are not publicly available. The pooled, harmonized, 
de-identified participant-level HPACC dataset and accompanying  
data dictionary have been created through a partnership among  
Harvard University, the University of Göttingen and Heidelberg  
University, in collaboration with all country-level survey teams. Access 
can be requested by contacting the HPACC team. More information 
about HPACC, including contact information for the collaboration 
and processes for requesting data, can be found at https://www. 
hpaccproject.org/.

Code availability
Replication code is available on GitHub (https://github.com/dorittalia/
CVD-Equity-HPACC.git).
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Extended Data Fig. 1 | Diagram describing the main steps undertaken in the 
modeling analysis. Individual-level data from survey respondents living with 
hypertension in the WHO STEPwise approach to Surveillance and attendant 
surveys (2007–2019) were used to estimate baseline 10-year cardiovascular 
disease risk. Effect sizes from a meta-analysis were then used to estimate the 

effect of improvements in diagnosis and treatment rates. Targets for improved 
diagnosis and treatment rates in each scenario were set at the level of the best-
performing wealth quintile across all countries. Relative and absolute changes 
in cardiovascular disease events compared to baseline were summarized by 
scenario, country, and wealth quintile. CVD = cardiovascular disease.
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Extended Data Fig. 2 | Performance-based target results. Results from 
sensitivity analysis where scenario targets were set separately by terciles (top, 
mid, bottom) of baseline care cascade performance. A) Cardiovascular disease 
cases averted per 1,000 people living with hypertension compared to baseline 
across wealth quintiles, by modelled scenario (either ‘diagnosis’ or ‘treatment’ 

scenario) and baseline performance tercile. B) Percent of total estimated 
cardiovascular disease cases averted compared to baseline across wealth 
quintiles, by modelled scenario (either ‘diagnosis’ or ‘treatment’ scenario) and 
baseline performance tercile.
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Extended Data Fig. 3 | Relative increase target results. Results from sensitivity 
analysis where scenario targets were set as a 50% relative improvement applied 
to each country quintile’s baseline cascade performance. A) Cardiovascular 
disease cases averted per 1,000 people living with hypertension compared 
to baseline across wealth quintiles, by modelled scenario (either ‘diagnosis’ 

or ‘treatment’ scenario) and country-level income group. B) Percent of total 
estimated cardiovascular disease cases averted compared to baseline across 
wealth quintiles, by modelled scenario (either ‘diagnosis’ or ‘treatment’ scenario) 
and country-level income group.
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Extended Data Fig. 4 | Absolute difference in mean cardiovascular disease 
risk comparing bottom and top wealth quintiles by country and scenario 
for relative increase targets. Dots represent the absolute (percentage point) 
difference in mean 10-year cardiovascular disease (CVD) risk comparing the 
bottom (Q1) and top (Q5) wealth quintiles, color-coded by scenario (‘baseline’, 

‘diagnosis’ or ‘treatment’ scenario) for each country. The vertical gray dotted line 
at x = 0 represents the point where there is no difference in CVD risk comparing 
bottom (Q1) and top (Q5) wealth quintiles. Values to the right of the dotted line 
are where mean CVD risk is higher in the bottom (Q1) quintile and values to the 
left of the dotted line are where mean CVD risk is higher in the top (Q5) quintile.
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Extended Data Fig. 5 | Within-country target results. Results from sensitivity 
analysis where scenario targets were set to the level of the best-performing 
wealth quintile within each country. A) Cardiovascular disease cases averted 
per 1,000 people living with hypertension compared to baseline across wealth 
quintiles, by modelled scenario (either ‘diagnosis’ or ‘treatment’ scenario) 

and country-level income group. B) Percent of total estimated cardiovascular 
disease cases averted compared to baseline across wealth quintiles, by modelled 
scenario (either ‘diagnosis’ or ‘treatment’ scenario) and country-level income 
group.
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