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Three Public Health Interventions Could
Save 94 Million Lives in 25 Years
Global Impact Assessment Analysis

BACKGROUND: Preventable noncommunicable diseases, mostly
cardiovascular diseases, are responsible for 38 million deaths annually. A
few well-documented interventions have the potential to prevent many
of these deaths, but a large proportion of the population in need does
not have access to these interventions. We quantified the global mortality
impact of 3 high-impact and feasible interventions: scaling up treatment
of high blood pressure to 70%, reducing sodium intake by 30%, and
eliminating the intake of artificial trans fatty acids.
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METHODS: We used global data on mean blood pressure levels and
sodium and trans fat intake by country, age, and sex from a pooled
analysis of population health surveys, and regional estimates of current
coverage of antihypertensive medications, and cause-specific mortality
rates in each country, as well, with projections from 2015 to 2040.
We used the most recent meta-analyses of epidemiological studies
to derive relative risk reductions for each intervention. We estimated
the proportional effect of each intervention on reducing mortality
from related causes by using a generalized version of the populationattributable fraction. The effect of antihypertensive medications and
lowering sodium intake were modeled through their impact on blood
pressure and as immediate increase/reduction to the proposed targets.
RESULTS: The combined effect of the 3 interventions delayed 94.3 million
(95% uncertainty interval, 85.7–102.7) deaths during 25 years. Increasing
coverage of antihypertensive medications to 70% alone would delay
39.4 million deaths (35.9–43.0), whereas reducing sodium intake by 30%
would delay another 40.0 million deaths (35.1–44.6) and eliminating
trans fat would delay an additional 14.8 million (14.7–15.0). The
estimated impact of trans fat elimination was largest in South Asia. SubSaharan Africa had the largest proportion of premature delayed deaths
out of all delayed deaths.
CONCLUSIONS: Three effective interventions can save almost 100
million lives globally within 25 years. National and international efforts to
scale up these interventions should be a focus of cardiovascular disease
prevention programs.
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Clinical Perspective
What Is New?
• Three well-known interventions, scaling up access
to treatment of high blood pressure to 70%,
reducing sodium intake by 30%, and eliminating
the intake of artificial trans fatty acids, can delay 94
million deaths worldwide within 25 years.
• The projected impact of reducing sodium intake is
as large as the impact of scaling up hypertension
treatment to 70%.
• The 3 interventions combined may reduce disparities in global NCD mortality.

What Are the Clinical Implications?
• Implementing hypertension diagnosis and control
guidelines is key to reducing mortality from cardiovascular diseases globally.
• Even a lower coverage of treatment at 50% of
patients with diagnosed hypertension would substantially reduce cardiovascular mortality.
• Interventions that result in reductions of salt intake
can further and substantially reduce the burden of
cardiovascular disease.
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lobally, noncommunicable diseases (NCDs) are
the leading cause of death, responsible for 38
million deaths annually. Of these deaths, 40%
occur among people <70 years of age and 80% of
these premature NCD deaths occur in low- and middleincome countries (LMICs).1 Historically, however, there
has been insufficient global investment in NCD prevention in LMICs. Only ≤1% of all global health funding is
currently invested on NCD prevention,2 and most LMICs
provide limited training, medications, or care for even
the most preventable and treatable NCDs.
Three specific interventions have a potential to save
lives on a large scale: treating high blood pressure, reducing dietary sodium intake, and eliminating artificial
trans fat intake.2 However, there has been limited progress addressing them, despite the fact that there are
cost-effective and feasible interventions with substantial
impact on preventing NCDs worldwide. These 3 interventions complement existing efforts on tobacco control, are part of the World Health Organization (WHO)
13th General Program of Work,3 and are aligned with
the Sustainable Development Goal of reducing the risk
of premature NCD death by one-third. High blood pressure was the leading risk factor globally, responsible for
10 million deaths worldwide in 2016.4 In LMICs, 31.5%
of adults have high blood pressure, but only 29% of
those received treatment and 7.7% were controlled.5
Kaiser Permanente in the United States has shown that it
is possible to achieve 90% blood pressure control.6 Similar approaches have allowed Canada to achieve 70%
2
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control.7 These models have been adapted and tested
in several LMICs, leading to considerable improvements
in hypertension treatment and control.8,9 WHO recommends consuming no more than 2 g of sodium per day
(5 g/d salt), but average salt intake globally is between 9
and 12 g/d.10 High sodium intake is responsible for 2.3
million deaths per year.4 Reducing sodium intake reduces
blood pressure which in turn lowers cardiovascular disease (CVD) risk.11–13 The UK Salt Initiative reduced sodium intake by 15% from 2003 to 2011, thereby reducing average systolic blood pressure (SBP) by ≈3 mm Hg.14
WHO has set a target to reduce sodium intake by 30%
by 2025 under its SHAKE initiative.15 Finally, WHO recommends limiting trans fat intake to <1% of dietary energy and recently released the REPLACE action package,
calling for the global elimination of artificial trans fat by
2023.16 Intake levels range widely across countries from
0.6% to 6.5% of total energy intake,17 and nonoptimal
trans fat intake causes ≈500 000 deaths per year.18 Artificial trans fat is fully replaceable in the food supply and
has been eliminated from a few countries, starting with
Denmark19; however, progress so far has largely been
limited to high-income countries.20
Building on previous studies that have examined the
impact of interventions on delaying deaths,21 we quantified the potential impact of scaling up these 3 interventions on NCD deaths worldwide.

METHODS
The data that support the findings of this study are either
available online (WHO mortality data per URL mentioned
below), from the corresponding author on reasonable request
(global blood pressure data), or on request from a third party
(global sodium and trans fat intake can be sent to the corresponding authors of the cited publications).
We estimated the impacts of 3 interventions, increasing
the coverage of hypertension treatment, reducing sodium
intake, and reducing trans fat intake, on NCD mortality for
the years between 2015 and 2040, using global data on
exposure to these risks, meta-analyses of randomized trials,
observational studies for effect size, and WHO’s projected
mortality rates by cause for each country. Below, we explain
the data sources and the analytic approach.

Data Sources
We estimated population exposure to risk factors using metrics with the most comprehensive global data. Data on mean
SBP by country were derived from a recent analysis of global
population health surveys (Table 1).22 For baseline coverage
of antihypertensive treatment, we used regional estimates
from a recent meta-analysis of observational studies (Table I in
the online-only Data Supplement).5 Baseline data on sodium
intake were from a global analysis of dietary and urinary
sodium surveys,23 and, finally, data on trans fat intake were
available from a global pooling of dietary surveys.17
The disease outcomes affected by each intervention were
chosen based on evidence from reanalyses and meta-analyses
Circulation. 2019;140:00–00. DOI: 10.1161/CIRCULATIONAHA.118.038160
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Selected Interventions and Data Sources for Parameters
Exposure Metric

Data Sources for
Exposure

Disease Outcomes

Data Sources for
Relative Risks

Intervention
Strategies
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Risk Factor

Systolic blood pressure

Systematic analysis
of populationbased studies for
the proportion of
hypertension treatment
by region5; pooled
analysis of populationbased surveys on blood
pressure in a Bayesian
hierarchical model22

Hypertensive heart
disease; ischemic heart
disease; ischemic
stroke; hemorrhagic
and other nonischemic
stroke; other
cardiovascular diseases;
chronic kidney disease

Meta-analysis of
relative risks from
cohort studies26;
randomized trial and
systematic review
for the effect of
hypertension treatment
on systolic blood
pressure27

Increase treatment
coverage from 2015
levels to 70%

Sodium intake

Urinary sodium
excretion

Pooled analysis of
population-based
surveys in a Bayesian
hierarchical model23

Stomach cancer;
hypertensive heart
disease; ischemic heart
disease; ischemic
stroke; hemorrhagic
and other nonischemic
stroke; other
cardiovascular diseases;
chronic kidney disease

Meta-analysis of 30
randomized trials of
sodium reduction for
absolute effect on
blood pressure28; World
Cancer Research Fund’s
systematic review
and meta-analysis for
stomach cancer relative
risk24

Reduce mean
population intake of
sodium by 30% relative
to 2015 levels

Trans fat intake

Mean dietary trans fat
consumption

Pooled analysis of
population-based
surveys in a Bayesian
hierarchical model17

Ischemic heart disease

Pooled meta-analyses
of prospective cohort
studies18

Reduce mean
population intake of
trans fatty acids from
2015 levels to 0.5% of
total energy intake

Raised blood pressure/
hypertension
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of randomized trials and observational studies and included
major groups of CVDs, chronic kidney disease, and stomach
cancer, the latter being the only type of cancer with strong
links to salt intake (Table 1).24 We did not include congestive
heart failure directly as one of the outcomes, because it is not
considered the underlying cause of death by the WHO but
rather the immediate cause of death, which is itself caused
by other diseases, most often coronary heart disease.25 The
etiological effect sizes (as relative risks [RRs]) were derived
from the same meta-analyses (Table II in the online-only Data
Supplement). When exposure to a risk factor decreases, RRs
decline gradually, with most of the benefits evident within
5 to 10 years after reducing exposure. The rate of change
of RRs was obtained from a reanalysis of American Cancer
Society Cancer Prevention Study II data.21
Trends in death rates from NCDs to 2040 under the business-as-usual scenario were from a comprehensive update of
the WHO Global Health Estimates,29 with methods described
in detail elsewhere.29,30 In summary, a series of regression
equations related age- and sex-specific mortality from clusters
of diseases to a set of covariates, including national income
(adjusted for differences in purchasing power), education,
and smoking. The regressions also included a secular time
trend above and beyond the trend associated with the covariates. The coefficients of these equations were estimated by
using historical mortality data, after correction for completeness of death registration and redistribution of ill-defined and
improbable causes of death. These regression equations were
then used to estimate mortality by disease cluster, age group,
and sex for years 2015 to 2040.

effects of which lead to a particular disease rate in the population. Some of these causes may be nonmodifiable (eg, genetic
determinants), unmeasured or poorly measured (eg, healthcare
quality or stress), or even unknown. Therefore, it is possible for
trends in a specific NCD to be different from the trend of any
single risk factor or small number of risk factors, depending
on how other determinants and medical treatment are changing. For example, CVD mortality in high-income countries has
declined for decades, whereas some of its risk factors (eg,
blood pressure, cholesterol, and, in some countries, smoking)
have declined and others (eg, obesity and smoking in other
countries) have increased.31 To account for this feature, and
consistent with the vast empirical evidence on proportional
effects, we analyzed the impacts of risk factors on future NCD
mortality as a proportion of projected death rates. The second
feature of NCDs is that when exposure to risk factors changes,
the harmful/beneficial impacts accumulate gradually.28 We
accounted for this feature using RRs that were a function of
time since exposure change.
These 2 components of our approach can be incorporated in a time-based population impact fraction relationship,32 which estimates the proportion of disease-specific
deaths for years between 2015 and 2040 that would be
avoided if risk factor exposures were reduced because of
intervention scale-up (eg, blood pressure reduction attributable to increased access to antihypertensive medications).
For each disease outcome causally associated with a risk
factor, the time-based population impact fraction for year
20XX, between 2015 and 2040, is calculated using the following formula:

Statistical Analyses
Our analytic approach was based on 2 epidemiological features of NCDs. First, NCDs have multiple causes, the combined
Circulation. 2019;140:00–00. DOI: 10.1161/CIRCULATIONAHA.118.038160

PIF 20 XX =

∑ j Pj20XX RR20j XX − ∑ j Pˆj20XX RR20j XX (1)
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Where RR
is the RR in 20XX, P 20 XX is the population distribution of risk factor exposure in year 20XX in the business20 XX
is the population distribution of
as-usual scenario, and P̂
risk factor under intervention scenarios. The first term in the
numerator is the weighted (by prevalence) disease risk if risk
factors continue their observed trend (projected linearly to
2040 using historical trends between 2000 and 2015), and
the second term is the weighted disease risk under intervention scenarios. The risk factor exposure categories, denoted
by j, account for both the level of exposure and for time since
change in exposure. The RR for each exposure category in
Equation 1 depends on time since intervention scale-up. This
relationship is an extension of the commonly used population
attributable/impact fraction in which RRs are a function of
exposure level but not of time.
We modeled the impact of hypertension treatment,
because global data on the proportion of hypertensive
patients controlled are less reliable. We quantified the effect
of an immediate increase in coverage of treatment to 50%
and 70% of hypertensive patients, separately. The effects of
treating hypertension and reducing sodium intake on CVD
were analyzed as mediated through blood pressure, which
allowed us to use effect sizes from randomized trials that had
blood pressure as an end point.24,27,28 To estimate the effect
of hypertension treatment on CVD, we first estimated the
proportion of patients with untreated hypertension in the
business-as-usual scenario, who would receive treatment in
the intervention scenario. We then estimated the population
mean SBP in the intervention scenario by applying the effect
of hypertension treatment to this proportion of population.
We used 2 different assumptions for the effect of hypertension treatment on SBP: a 10 mm Hg reduction based on the
effect of a full dose of one antihypertensive medication and a
more ambitious 15 mm Hg reduction based on the combined
effect of several antihypertensive medications.27 Although a
previous pooled analysis of antihypertensive trials had suggested a larger reduction in blood pressure in patients with
higher baseline blood pressure,33 a more recent pooled analysis of trials found no significant differences.34 Therefore, we
applied the same reduction in blood pressure to the mean SBP
for each subgroup in the population. For sodium intake, we
used different effects on SBP for normotensive versus hypertensive participants based on a meta-analysis of salt reduction
trials.28 For normotensive participants, we used 2.42 reduction versus 5.39 mm Hg for hypertensive participants (for
each 75 mmol/d reduction in sodium). We used the WHO
recommendation of 2g/d intake as the optimal mean population intake level.10 For trans fat, we used 0.5% of total energy
intake as the optimal intake level based on lowest observed
consumption levels globally.18
We estimated the proportional reduction in mortality from
each NCD if all 3 interventions were scaled up using the relationship for the joint effects of multiple risk factors, which
accounts for multicausality and overlap among the targeted
risk factors.35 When analyzing combined effects of hypertension treatment and sodium intake reduction, we accounted
for the fact that both their effects are mediated via blood
pressure. We did so by first adding their estimated effect on
blood pressure, and subsequently estimating the effect of the
resulting reduction in blood pressure on disease outcomes.
This approach is supported by the evidence from trials of joint
4
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interventions with sodium reduction and antihypertensive
medications.36
All analyses were done separately by country, sex, 5-year
age group (starting at age 20), and for each NCD causally
associated with the 3 targeted risk factors. Regional and
global results were calculated by aggregating age-sex–specific
number of deaths and population from each region’s constituent countries. The regions, used in previous analyses,37
were chosen based on income and geography (see Table III
in the online-only Data Supplement for a list of countries in
each region).
We calculated the number of deaths delayed in a future
year if interventions were scaled up by multiplying the estimated population impact fraction for that year by the projected population for that year. We calculated the deaths
delayed starting from the year 2016 up to and including 2040
by adding up the estimates for each year and reported the
delayed deaths for 10, 20, and 25 years of the intervention.
We quantified uncertainty by randomly drawing 1000 estimates of RR from its log-normal distribution.
This research was deemed as nonhuman subject research
per Harvard University’s human subject research policy and
therefore did not require an institutional review board approval.

RESULTS
The combined effect of the 3 selected interventions
was estimated to delay 34.2 (95% uncertainty interval, 31.2–37.1) million deaths by 2025, 73.1 (66.5–
79.5) million deaths by 2035, and 94.3 (85.7–102.7)
million deaths by 2040, the latter corresponding to
7.7% (7.0%–8.4%) of all NCD deaths globally. Increasing the coverage of treatment for high blood
pressure to 70% alone could delay 39.4 (35.9–43.0)
million deaths during 25 years; adding a 30% reduction in sodium intake could add another 40.0 (35.1–
44.6) million deaths (Figure 1; sodium reduction alone
could save 43.4 [36.9–49.5] million lives). Both these
interventions could delay slightly more deaths in men
(55.9% [55.0%–56.8%] of total delayed deaths) than
women. The sex difference in the projected impact was
larger when considering only deaths under age 70, of
which 66.6% (66.1%–67.0%) were among men (Figure 1). Eliminating trans fat intake could delay an additional 14.8 (14.7–15.0) million deaths globally. Even
a more modest and feasible increase in the coverage
of treatment to 50% and a lower target for sodium
reduction of 10% could delay 34.5 (31.1–38.0) million
deaths by 2040 (Table 2). More than 90.7% (86.3%–
96.3%) of projected delayed deaths were from CVDs,
mostly from ischemic heart disease and stroke, 13.2%
(0.6%–21.8%) of projected delayed deaths attributable to reducing sodium were from stomach cancer,
and 3.9% (2.6%–5.1%) of projected delayed deaths
attributable to increasing coverage of treatment for
high blood pressure were from chronic kidney disease
(Figure 2).
Circulation. 2019;140:00–00. DOI: 10.1161/CIRCULATIONAHA.118.038160
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Figure 1. Deaths (million) that could be delayed by sex and age group: under and over 70 years of age.
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East Asia and Pacific had the largest number of
projected delayed deaths; 31.5% (29.6%–33.1%) of
all projected delayed deaths occurred in this region,
followed by South Asia at 24.0% (23.0%–25.2%)
and Central and Eastern Europe and Central Asia at
11.9% (11.4%–12.5%). North Africa and the Middle
East, Latin America and the Caribbean, and sub-Saharan Africa together contributed an additional 22.3%
(21.5%–23.2%) of estimated delayed deaths. However, even in high-income countries, 9.7 (8.5–10.8) million deaths between 2015 and 2040 could be delayed
by the 3 selected interventions (Figure 3 and Table IV in
the online-only Data Supplement). The proportion of
all NCD deaths that could be delayed varied 5 times
across countries with Egypt, Uzbekistan, Tajikistan, and
Kyrgyzstan having ≥14% proportion of all NCD deaths
Table 2.

that could be delayed versus Denmark, France, Belgium, Israel, and Vanuatu having 3% or lower (Table V
in the online-only Data Supplement).
East Asia, the Pacific, and South Asia jointly accounted for 58.3% (57.2%–59.2%) of estimated delayed deaths for a combined effect of hypertension
treatment and reducing sodium take, whereas Central
and Eastern Europe and Central Asia ranked third at
12.5% (11.8%–13.1%) of global estimated delayed
deaths. For the treatment of hypertension alone, subSaharan Africa ranked fourth with 4.5 (4.2–4.9) million deaths that could be delayed at 11.5% (11.1%–
11.9%) of global projected delayed deaths), whereas,
for reducing sodium, the fourth high-ranking region
was high-income countries at 5.2 (4.2–6.1) million
(11.5% [11.1%–11.9%] of global projected delayed

Deaths That Could Be Delayed by Different Intensities of Treating High Blood Pressure and Reducing Sodium Intake
Percent of
Patients With
Hypertension
Treated, %*

Sodium Intake
Reduction, %†

Women

Men

Total

10 mm Hg

50

10

11.3 (10.1–12.5)

17.0 (15.1–18.8)

28.2 (25.2–31.3)

10 mm Hg

50

30

23.5 (20.7–26.2)

32.1 (27.8–36.0)

55.6 (48.5–62.2)

10 mm Hg

70

10

17.8 (16.0–19.5)

23.5 (21.3–25.7)

41.2 (37.3–45.2)

10 mm Hg

70

30

29.6 (26.4–32.8)

38.2 (33.5–42.4)

67.8 (59.9–75.2)

15 mm Hg

50

10

13.5 (12.1–14.9)

21.0 (19.0–23.1)

34.5 (31.1–38.0)

15 mm Hg

50

30

25.6 (22.6–28.4)

35.9 (31.4–40.1)

61.5 (54.0–68.5)

15 mm Hg

70

10

23.0 (20.8–25.2)

30.5 (27.8–33.3)

53.5 (48.6–58.5)

15 mm Hg

70

30

34.6 (31.1–38.2)

44.8 (39.9–49.5)

79.5 (71.0–87.7)

Effect of Hypertension
Treatment on Systolic
Blood Pressure

Number (Millions) of Deaths That Could Be Delayed (95%
Uncertainty Interval)

*Increasing hypertension coverage alone to 50% could delay 13.4 million (12.2–14.6) deaths if assuming a 10-mm Hg decline and 19.8
million (18.1–21.7) deaths if assuming a 15-mm Hg decline. With 70% coverage, the deaths delayed could be 26.7 million (24.3–29.2) with a
10-mm Hg decline and 39.4 million (35.9–43.0) with a 15-mm Hg decline.
†Reducing salt intake by 10% could delay 15.3 million (12.9–17.7) deaths, and reducing salt intake by 30% could delay 43.4 million
(36.9–49.5) deaths globally.

Circulation. 2019;140:00–00. DOI: 10.1161/CIRCULATIONAHA.118.038160
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Figure 2. Deaths (million) that could be delayed by sex and cause of death.
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deaths). The impact of trans fat elimination was largest in South Asia where 29.9% (28.9%–31.1%) of the
17.5 million delayed deaths between 2015 and 2040
were expected to occur.
Regional differences in avoidable deaths were substantial for major causes of death. South Asia had
the largest share of projected delayed ischemic heart
disease deaths at 12.2 (10.9–13.5) million (29.0%
[27.9%–30.3,%]), whereas East Asia and the Pacific had the largest share of projected delayed stroke
deaths at 13.6 (11.6–15.3) million (43.6% [42.1%–
44.8%]).

Sub-Saharan Africa had the largest proportion of
premature projected delayed deaths (those occurring at
<70 years of age) at 54.2% (51.3%–57.3%; 3.6 [3.3–
3.9] million) followed by South Asia at 50.9% (48.0%–
53.9%; 11.5 [10.6–12.4] million).The largest sex difference in number of estimated delayed deaths was in
Latin America and the Caribbean and South Asia, where
57.7% (57.1%–58.5%) and 57.5% (56.8%–58.4%)
of estimated delayed deaths, respectively, were in men,
and the smallest sex difference was in sub-Saharan
Africa where there was an almost even split (50.5%
[49.8%–51.1%] of estimated delayed deaths in men).

Figure 3. Deaths (million) that could be delayed by sex and region.
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Figure 4. Age-standardized avoidable death rates by country for women (A) and men (B).

At the country level, China, India, Russia, and Indonesia contributed to the largest share of projected
delayed deaths (46.5% [45.4%–47.5%] of delayed
deaths). However, much less populous countries in
Eastern Europe and Central Asia contributed a relatively large share to projected delayed deaths (Figure 4
and Table V in the online-only Data Supplement). For
example, Uzbekistan, Kyrgyzstan, and Tajikistan all had
age-standardized avoidable death rates per 100 000
population of >110 in both men and women. At the
other extreme, all high-income countries (except Brunei) had <40 avoidable deaths per 100 000 population
in both men and women.
The 3 interventions combined could reduce disparities in global NCD mortality. The SD of age-standardized NCD death rates across countries in 2040 declined
by 9% in men and women in comparison with the
Circulation. 2019;140:00–00. DOI: 10.1161/CIRCULATIONAHA.118.038160

business-as-usual scenario (Table VI in the online-only
Data Supplement).

DISCUSSION
We estimated that increasing the treatment of hypertension to 70% in addition to reducing sodium intake
by 30% and eliminating artificial trans fat intake could
delay 94.3 (85.7–102.7) million deaths globally during
25 years. More than half of all delayed deaths, and twothirds of deaths delayed before 70 years of age, are expected to be among men, who have higher NCD death
numbers globally, indicating the potential for these
3 interventions to reduce the global sex gap in NCD
deaths. These sex differences are attributable to a combination of higher age-specific NCD death rates among
men (which, at the same proportional reduction, leads
xxx xxx, 2019
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to more deaths delayed), and lower initial coverage of
treatment for high blood pressure and slightly higher
sodium intake levels among men, as well. Within regions, East Asia, the Pacific, and South Asia have the
largest potential to benefit from these interventions because of a combination of high NCD death rates, lower
access to hypertensive treatment, and high sodium intake. However, sub-Saharan African countries would
also benefit substantially and rank fourth among the
regions for benefiting from increased antihypertensive
treatment because of low access to treatment. South
Asian countries would have the largest share of benefit from banning trans fat, with almost one-third of
delayed deaths estimated to be observed in this region
because of high intake levels.
Our results are consistent with previous global impact analysis of similar interventions. A previous global
analysis of NCD risk factors used similar data sources
and analytical methods and showed that a 25% reduction in prevalence of raised blood pressure would
prevent 20.7 million deaths between 2010 and 2025,
which translates to ≈1.4 million deaths delayed per
year21 (in comparison with 1.7 million deaths delayed
per year in our analysis). These 2 estimates are not directly comparable, because the previous analysis quantified the impact of a 25% reduction in prevalence of
raised blood pressure, whereas we modeled the impact
of increasing treatment coverage to 70%. A global
analysis of sodium intake between 2006 and 2015 estimated that 9.5 million deaths (1.7% of deaths from
all causes during this period) would have been delayed
between 2006 and 2015 had sodium intake been reduced by 15%,38 which is consistent with our estimated
43 million deaths delayed for a 30% reduction (2.8%
of all deaths estimated to occur in the selected 25-year
period). A recent analysis of Global Burden of Disease
estimated that 448 000 deaths in 2015 were attributed
to trans fat intake >1% of total energy intake.4 This
is consistent with our estimate of 17.4 million deaths
postponed because of eliminating trans fat intake alone
during the 25 years (from 2016 to 2040), because we
used a lower optimal level of 0.5% of total energy intake.
Our results should be interpreted with several limitations in mind. We used “the number of NCD deaths
delayed” as the outcome because estimates of causespecific deaths are much more reliable than disease
incidence. However, this measure does not capture
how many years of life were gained for each delayed
death or how many nonfatal events (myocardial infarctions and strokes) would be prevented. Information on current coverage of antihypertensive treatment
was not available for each country, forcing us instead
to use regional estimates. We did not consider other
potential beneficial/harmful changes in diet that might
result from the interventions. For example, the benefit
8
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of sodium reduction estimated here would be reduced
if manufacturers and those who prepare food increase
the amounts of unhealthy nutrients such as sugar and
carbohydrates as a means to reducing sodium content.
In addition, we may have underestimated the effect of
lowering very high blood pressure on preventing hemorrhagic stroke, because we used a more gradual decline
in RR averaged over all CVDs. We did not include the
potential impact of scaling up hypertension treatment
on increasing control rates among treated hypertensive
patients, leading to underestimating the potential impact of such programs. We may have further underestimated the effect of these interventions by not including
congestive heart failure directly as an outcome. Finally,
our estimates of uncertainty should be considered as a
lower bound, because the uncertainties for other inputs
(ie, exposure estimates and number of deaths by cause)
were not available. Furthermore, the true uncertainty of
the estimated delayed deaths is mostly attributable to
modeling assumptions and choice of parameters rather
than uncertainties around the chosen parameters.
Our analyses had several strengths. We used the
most recent evidence on cause-specific death rates from
WHO and projected them forward. We also used the
most reliable data on blood pressure, sodium intake, and
trans fat intake from global analyses of population surveys. We incorporated time trends in RRs and therefore
had a more conservative estimate of delayed deaths because many conventional analyses that assume the full
effect of an intervention would be realized immediately
after implementation. We also allowed for multicausality (ie, each NCD death may be caused by >1 risk factor
and therefore can be prevented by intervening on any
of the contributing risk factors) by estimating the joint
population-attributable fraction. Finally, we quantified
parameter uncertainty using simulations and examined
different intensities of interventions and quantified their
impact on each country, age, and sex group separately.
Overall, this study indicates that these 3 interventions have enormous potential to save lives. However,
scaling up these interventions to global populations is
a huge challenge.
Various programs and policies targeting these interventions have been shown to be effective. Increasing
coverage of hypertension treatment requires a multipronged program. This will require drug- and dose-specific treatment protocols,6,39 reliable supply of qualityassured medicines and blood pressure monitors, task
sharing, patient-friendly services, and healthcare information systems that facilitate tracking and improving
control rates. In addition, awareness that hypertension
is a silent killer,40 expansion of primary healthcare coverage, and effective care in the private sector will all be
essential.41,42 To reduce sodium intake by 30%, policies
need to target primary sources of sodium in each country. Packaged food and food eaten away from home
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are growing contributors to sodium intake worldwide.43
Evidence-based policy options include mandatory (preferred) or voluntary industry targets and front-of-pack
warning labels15 and institutional food standards in
schools, government offices, and other institutions.44 In
many LMICs, homemade food is the main source of sodium intake,45 so media campaigns and public education
will be crucial to reduce intake. In addition, promoting
and subsidizing sodium substitutes including low-sodium salts, and reducing the sale of high-sodium foods,
may be important. Finally, eliminating artificial trans
fat may be the least difficult of the 3 goals to achieve.
Model regulations exist in Denmark, the United States,
and Canada and are the most effective route to elimination.20 Twenty-three countries had regulations limiting
artificial trans fat in effect by the end of 2018. In addition to passing regulations to eliminate trans fats from
foods, WHO’s REPLACE package recommends reviewing
the sources of trans fat, promoting replacement with
healthier oils, assessing time trends in trans fat in the
food supply, creating awareness among industry, policy
makers, and consumers, and enforcing regulations.46
Previous cost-effectiveness analyses of the 3 selected
interventions show that they are not only achievable,
but they are also affordable. For example, reducing sodium intake by 15% has been estimated to cost <$0.40
per person per year in low-income countries,38 and scaling up a more comprehensive drug treatment regimen
for CVD reduction would cost on average $1.10 per
person per year.47 Previous analyses have also estimated
that trans fat elimination would ultimately lead to large
healthcare cost savings.48,49 All 3 interventions have
been deemed highly cost-effective, and hypertension
treatment and sodium reduction have been designated
best buys by the WHO.50
In conclusion, 3 interventions have the potential to
substantially reduce NCD mortality across the world at
an affordable cost. Successful global implementation
would require increased investment in healthcare capacity and quality of care in the primary healthcare sector,
and increased efforts to reduce sodium and eliminate
trans fat intake through regulation and health promotion campaigns, as well. If countries commit resources
to implement these highly cost-effective interventions,
they will save lives and help achieve the targets set in
the Sustainable Development Goals to reduce premature NCD deaths.
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