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Key messages

What is already known about this subject?
 ► Previous studies especially from high-income coun-
tries have shown that salt (sodium) intake is strong-
ly related with blood pressure and cardiovascular 
disease (CVD). However, there is limited evidence 
exploring this relationship from Africa. About one in 
three adult Cameroonians have an elevated blood 
pressure, with reported high stroke mortality rates.

What does this study add?
 ► This is the first study from Cameroon and Africa as 
a whole to assess the WHO-recommended 30% re-
duction in salt intake on population health (burden of 
disease), its impact on life expectancy and prema-
ture CVD mortality by 2030.

How might this impact on clinical practice?
 ► Clinicians and policy-makers in Africa should, 
among others, lay particular emphasis on reduc-
tion in salt intake, as this has substantial impact on 
blood pressure, CVD mortality and overall population 
health.

AbstrAct
Objective To assess the potential impact of reduction in 
salt intake on the burden of cardiovascular disease (CVD) 
and premature mortality in Cameroon.
Methods Using a multicohort proportional multistate 
life table model with Markov process, we modelled the 
impact of WHO’s recommended 30% relative reduction 
in population-wide sodium intake on the CVD burden 
for Cameroonian adults alive in 2016. Deterministic and 
probabilistic sensitivity analyses were conducted and used 
to quantify uncertainty.
Results Over the lifetime, incidence is predicted to 
decrease by 5.2% (95% uncertainty interval (UI) 4.6 to 
5.7) for ischaemic heart disease (IHD), 6.6% (95% UI 
5.9 to 7.4) for haemorrhagic strokes, 4.8% (95% UI 4.2 
to 5.4) for ischaemic strokes and 12.9% (95% UI 12.4 
to 13.5) for hypertensive heart disease (HHD). Mortality 
over the lifetime is projected to reduce by 5.1% (95% 
UI 4.5 to 5.6) for IHD, by 6.9% (95% UI 6.1 to 7.7) for 
haemorrhagic stroke, by 4.5% (95% UI 4.0 to 5.1) for 
ischaemic stroke and by 13.3% (95% UI 12.9 to 13.7) for 
HHD. About 776 400 (95% UI 712 600 to 841 200) health-
adjusted life years could be gained, and life expectancy 
might increase by 0.23 years and 0.20 years for men 
and women, respectively. A projected 16.8% change 
(reduction) between 2016 and 2030 in probability of 
premature mortality due to CVD would occur if population 
salt reduction recommended by WHO is attained.
Conclusion Achieving the 30% reduction in sodium intake 
recommended by WHO could considerably decrease the 
burden of CVD. Targeting blood pressure via decreasing 
population salt intake could translate in significant 
reductions in premature CVD mortality in Cameroon by 
2030.

IntROduCtIOn
High blood pressure (BP) is the leading risk 
factor for cardiovascular disease (CVD) glob-
ally, affecting over a billion adults.1 Adeloye 
and Basquill have shown that the number 
of individuals with hypertension in Africa 
increased from 54 million in 1990 to 130 
million in 2010, with a projected increase to 
216 million cases by 2030.2 In Cameroon, a 
nationwide survey including over 15 000 adults 

revealed an age-adjusted hypertension preva-
lence of 29.7%, with only 14% being aware of 
their status.3 Data from a hospital-based trend 
study in the capital city showed that stroke 
admission rates in medical wards increased 
from 2.5% in 1999 to 13.1% in 2012, with 
a significantly increasing stroke mortality 
from 14.4% to 22.4% over the same time 
period.4 In a recent echocardiographic study, 
hypertensive heart disease (HHD) (43.2%), 
cardiomyopathies (17.6%) and ischaemic 
heart disease (IHD) (10%) were the major 
causes of heart disease among adults in the 
south-west region of Cameroon.5 These data 
underscore the urgent need for strategies to 
address this CVD burden.

The UN has set a target of a 30% reduc-
tion in premature mortality from non-com-
municable diseases (NCDs) by 2030. In 2013, 
WHO published a global action plan for the 
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prevention and control of NCD 2013–2020. Among the 
nine voluntary global targets contained in this plan is a 
30% relative reduction in mean population salt intake.6 
These global recommendations for population-wide 
reduction in salt intake are supported by overwhelming 
evidence on the causal relationship between salt intakes, 
BP and CVD.7 As of 2010, sodium intake levels in 
Cameroon were estimated at 2100 mg (~5.4 g salt) per 
day, with an average of 2200 mg (~5.7 g salt) in men.8 
This is above the WHO-recommended maximum of 2000 
mg per day and the 1500 mg per day maximum that is 
proposed for blacks in the American Heart Association 
guidelines.9 10 In the UK in 2010, the National Institutes 
for Health and Care Excellence proposed a target to 
reduce population levels of salt intake to a maximum of 3 
g salt (~1200 mg sodium) by 2025.11

With the exception of South Africa,12 there is limited 
evidence on the potential impact of salt reduction on 
CVD in Africa and none from Cameroon. Due to the 
growing disease burden due to BP and CVD in Cameroon, 
we set out in this study to model the potential impact of 
reducing current salt intake levels on the CVD burden in 
the adult Cameroonian population.

MetHOds
estimating the effect of salt on BP, and BP on CVd
We used evidence from a Cochrane systematic review 
and meta-analysis of trials.7 This study was used because 
they included only trials for which salt reduction inter-
ventions were evaluated over a minimum duration of 4 
weeks. Such duration is considered relevant when evalu-
ating the public health impact of salt reduction interven-
tions.7 13 In their analysis, the authors found that (overall) 
a reduction of salt by 4.4 g led to a 4.18 mm Hg (95% CI 
3.18 to 5.18) drop in systolic blood pressure (SBP). In 
black populations, the same 4.4 g salt reduction led to 
a 7.83 mm Hg drop in SBP for hypertensive people and 
4.02 mm Hg drop in SBP for normotensive people. We 
used this latter relationship to model the impact of salt 
on SBP. See online supplementary file for model input 
data and sources.

disease epidemiological modelling
The Global Burden of Disease (GBD) 2016 study 
provides relative risks for various risk factor and outcome 
pairs.14 We used relative risks and epidemiological esti-
mates (incidence, prevalence, mortality) from the GBD 
study of diseases for which there is strong evidence for a 
causal link with SBP to model future disease burden. The 
diseases modelled were IHD, ischaemic stroke, haemor-
rhagic stroke and HHD. Each of the disease estimates 
were entered into DISMOD II software.15 Through a set 
of mathematical modelling equations, DISMOD II gener-
ates estimates for other epidemiological parameters 
that are otherwise unavailable (eg, case fatality) using at 
least three input data estimates (here, incidence, remis-
sion and mortality). This was done by sex and 5-year age 

groups, while additionally enforcing consistency in the 
data.15 The years lived with disability (YLD) due to each 
disease by sex and age group are also used to calculate the 
disability weight. The disease-specific YLDs are divided by 
their prevalence to obtain the ‘disability weight (DW)’ for 
each disease, which we further adjusted for comorbidi-
ties. These DWs (a numerical depiction of the severity of 
health loss due to a disease or health state) reflect the 
change in quality of life due to the various diseases and 
are used in calculation of the health-adjusted life years.

Health impact assessment modelling
We use a multicohort proportional multistate life table 
(MSLT) model with state-transition (Markov) property to 
estimate the salt reduction policy impact on CVD burden 
over the lifetime of the 2016 Cameroonian population. 
The proportional MSLT is an extension of the simple 
life table; it was used for its added capacity to deal with 
comorbidity or multiple diseases.16 The MSLT contains 
the reference population stratified by sex and 5-year age 
groups, the outcomes of which are compared with those 
for an identical population for whom the 30% salt reduc-
tion impact is assessed. As described above, we model the 
impact of change in sodium on SBP and subsequently 
SBP on CVD burden. Each of the BP-related diseases is 
explicitly modelled via transition probabilities that govern 
the movement of the population between four states 
(healthy, diseased, death from cardiovascular disease and 
death from other cause). The disease models are linked 
to the main life table through the potential impact frac-
tion.17 Equation 1 (online supplementary file) calculates 
the proportional impact of change in exposure to BP 
(with and without change in sodium) on the occurrence 
of new CVD events. This new incidence leads to changes 
in prevalence and mortality later on, compared with the 
reference population exposed to stable sodium levels. 
Together with disease-related changes in quality of life 
previously calculated for every sex and 5-year age group, 
all these disease changes feed back into the life table 
with a new hypothetical population. The hypothetical 
population is identical to the (reference) adult Cameroo-
nian population, but additionally receives the ‘interven-
tion’, allowing calculation of new life expectancies and 
health-adjusted life years (HALYs). These calculations for 
the stratified (by sex and 5-year age group) cohorts are 
simulated with 1-year cycle lengths until everyone dies or 
reaches the age of 100 years for both the reference and 
hypothetical intervention populations. The differences 
in outcomes (change in incidence, mortality, life expec-
tancy and HALYs) between these two populations are 
estimated to determine the impact of the intervention.

estimating probability of premature mortality
Using the approach presented in the WHO NCD Global 
Monitoring Framework,18 we estimate the unconditional 
probability of dying between ages 30 and 70 years from 
the combined CVDs by the year 2030, with 2016 as base 
year. In contrast to the rest of our analysis, which takes 
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Figure 1 Projected shifts in systolic blood pressure (SBP) distribution for adult men (above) and women (below) following 
reduction in salt intake.

a cohort perspective, this calculation takes a period 
perspective, analogous to the way life expectancies are 
normally calculated. Age-specific death rates (by 5-year 
age groups) calculated from the life table (described 
above) are translated to probabilities of death in the 
5-year age range using Equation 2. Then, the uncondi-
tional probability of mortality between 30 and 70 years is 
estimated using Equation 3 (online supplementary file). 
These calculations are performed with and without the 
impact of salt reduction, to estimate the potential change 
in premature mortality that may result from achieving 
reduction in population salt intake between 2016 and 
2030, given current 2016 mortality rates.

sensitivity/scenario and uncertainty analysis
The main analysis presents undiscounted future health 
outcomes. Sensitivity analysis was carried out to explore 
the impact of applying varying discount rates to 3% and 
5%. We also test the impact of 10% and 20% reduction 
in current salt intakes, and finally, we vary the sodium–
BP relationship, from that derived for black-only ethnic 
populations, with estimates pooled across all ethnicities. 
We incorporated uncertainty in relative risks (log-normal 
distribution) and the impact of change in BP due to 
change in sodium (normal distribution). Probabilistic 
sensitivity analysis was performed to quantify the uncer-
tainty in our results using Monte Carlo simulations, 

implemented with the Ersatz software,19 with 2000 iter-
ations.

Results
Achieving the population-wide reduction in salt intake by 
30% (ie, by ~1.7 g/day for men and 1.5 g/day for women) 
in Cameroon could lead to significant changes in BP-re-
lated CVD burden in adult Cameroonians. Figure 1 shows 
the potential shifts in SBP distributions of the youngest 
and oldest age groups for men and women that could be 
observed with this reduction salt intake.

IHd incidence and mortality
Over the first 10 years (ie, by 2025), our model predicts 
that decreasing current salt intake by 30% could reduce 
the overall number of new cases of IHD by approximately 
15 800 (95% uncertainty interval (UI) 14 100 to 17 400), 
equivalent to a 7.3% (95% UI 6.5 to 8.1) reduction. This 
is almost double in men compared with women (10 200 
(95% UI 8800 to 11 600) vs 5900 (95% UI 5400 to 6300)). 
Over the lifetime, up to 58 200 (95% UI 51 600–64 800) 
new cases of IHD would be prevented for adult Cameroo-
nians alive in 2016. These effects were predicted to be 
greater for men, reducing by 34 600 (95% UI 28 900–40 
200) cases compared with 23 600 (95% UI 21 800–25 300) 
for women. Mortality from IHD was similarly predicted to 
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Table 1 Reduction in incidence and mortality for ischaemic heart disease by sex due to 30% reduction in current salt intake 
in the 2016 adult Cameroonian population

Year(s) 

Ischaemic heart disease

Male Female Total

Incidence n (95% UI) % (95% UI) n (95% UI) % (95% UI) n (95% UI) % (95% UI)

Year 1 to 5
2016–2020

5000 (4300–5800) 8.1 (6.9–9.2) 2700 (2500–3000) 6.5 (5.8–7.1) 7800 (6900–8700) 7.4 (6.5–8.3)

Year 1 to 10
2016–2025

10 200 (8800–11 600) 7.9 (6.8–9.0) 5900 (5400–6300) 6.4 (5.8–6.9) 15 800 (14 100–17 400) 7.3 (6.5–8.1)

Year 1 to 15
2016–2030

15 300 (13 300–17 300) 7.8 (6.7–8.8) 8600 (8000–9200) 6.2 (5.8–6.7) 24 000 (21 600–26 300) 7.2 (6.4–7.9)

Year 1 to 20
2016–2035

20 200 (17 500–22 900) 7.6 (6.6–8.5) 11 700 (10 900–12 400) 6.1 (5.7–6.5) 31 900 (28 800–35 100) 6.9 (6.2–7.6)

Year 1 to 25
2016–2040

24 700 (21 300–28 000) 7.3 (6.3–8.3) 14 700 (13 800–15 600) 5.9 (5.5–6.3) 39 400 (35 500–43 300) 6.7 (6.1–7.4)

Year 1 to 30
2016–2045

28 600 (24 600–32 500) 7.0 (6.1–8.0) 17 600 (16 600–18 700) 5.7 (5.4–6.1) 46 200 (41 700–50 700) 6.4 (5.8–7.1)

Lifetime 34 600 (29 000–40 200) 5.7 (4.8–6.7) 23 600 (21 800–25 300) 4.6 (4.2–4.9) 58 200 (51 600–64 800) 5.2 (4.6–5.7)

Mortality

Year 1 to 5
2016–2020

800 (700–900) 7.1 (6.0–8.2) 300 (260–350) 5.5 (4.7–6.3) 1100 (1000–1200) 6.3 (5.4–7.2)

Year 1 to 10
2016–2025

2200 (1900–2600) 7.2 (6.1–8.2) 1200 (1000–1300) 5.6 (4.9–6.1) 3400 (3000–3800) 6.4 (5.6–7.1)

Year 1 to 15
2016–2030

3400 (3000–3900) 7.3 (6.3–8.2) 2400 (2200–2600) 5.6 (5.1–6.1) 5900 (5200–6400) 6.5 (5.8–7.1)

Year 1 to 20
2016–2035

5700 (4900–6400) 7.2 (6.2–8.1) 4000 (3700–4200) 5.6 (5.2–6.0) 9600 (8700–10 500) 6.4 (5.9–7.0)

Year 1 to 25
2016–2040

8151 (7068–9199) 7.1 (6.2–8.0) 5700 (5300–6100) 5.6 (5.2–5.9) 13 900 (12 500–15 100) 6.4 (5.8–7.0)

Year 1 to 30
2016–2045

10 700 (9300–12 100) 7.0 (6.1–7.9) 7600 (7100–8100) 5.5 (5.1–5.8) 18 400 (16 600–20 100) 6.3 (5.7–6.9)

Lifetime 18 300 (15 300–21 200) 5.7 (4.8–6.7) 14 100 (13 000–15 100) 4.5 (4.2–4.7) 32 300 (28 700–35 900) 5.1 (4.5–5.6)

UI, uncertainty interval.

drop by 6.4% (95% UI 5.6 to 7.1), being 3400 (95% UI 
3000 to 3800) fewer deaths by 2025. Over the lifetime, 
approximately 32 300 (95% UI 28 700 to 35 900) IHD 
deaths would be prevented (table 1).

Ischemic stroke incidence and mortality
For ischaemic stroke, our model estimates a reduction 
in cumulative number of new cases by 5600 (5000 to 
6300), a 7% (95% UI 6.2 to 7.9) reduction in incidence 
by 2025. Over the lifetime, up to 22 000 (19 400 to 24 
800) new cases of ischaemic stroke might be prevented. 
Numbers are similar for men and women, that is, 10 700 
(8800 to 12 600) and 11 400 (10 300 to 12 500), respec-
tively. Mortality from ischaemic stroke is also projected to 
reduce by 4.5% (95%UI 4.0 to 5.1), that is, 10 900 (95% 
UI 9600 to 12 200) deaths prevented in both men and 
women (table 2).

Haemorrhagic stroke incidence and mortality
Our model projects that by 2025, the cumulative inci-
dence of haemorrhagic stroke could decline by 9.4% 
(95% UI 8.4 to 10.6), that is, there might be 5200 (95% 

UI 4600 to 5800) fewer new cases of haemorrhagic stroke 
due to reduction in salt intake. Over the lifetime of adults 
in 2016, the number of new cases could reduce by 20 500 
(95% UI 18 200 to 23 000). With respect to mortality, 
approximately 3100 (95% UI 2700 to 3500) haemorrhagic 
stroke deaths could be prevented over the next 10 years 
(by 2025), while over the lifetime, the model predicts 17 
700 (15 700 to 19 800) fewer deaths from haemorrhagic 
stroke, a 6.9% (95% UI 6.1 to 7.7) reduction (table 3).

HHd incidence and mortality
By 2025, our model projects approximately 4000 (95% 
UI 3800 to 4100) fewer new cases of HHD for men and 
women combined, while over the lifetime, up to 19 300 
(95% UI 18 500 to 20 100) incident cases of HHD could 
be prevented, corresponding to a 12.9% (95% UI 12.4 to 
13.5) reduction. The decline would be greater in women 
compared with men (table 4). With respect to deaths, 
approximately 1000 (95% UI 900 to 1100) HHD deaths 
could be prevented by 2025, whereas over the lifetime, 
10 300 (95% UI 10 000–10 500) HHD deaths could be 
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Table 2 Reduction in incidence and mortality for ischaemic stroke by sex due to 30% reduction in salt intake in the 2016 
adult Cameroonian population

Year(s)

Ischaemic stroke

Male Female Total

Incidence n (95% UI) % (95% UI) n (95% UI) % (95% UI) n (95% UI) % (95% UI)

Year 1 to 5
2016–2020

1300 (1100–1600) 7.8 (6.4–9.2) 1400 (1200–1500) 6.5 (5.6–7.3) 2700 (2300–3100) 7.1 (6.0–8.1)

Year 1 to 10
2016–2025

2800 (2400–3200) 7.7 (6.6–8.9) 2800 (2500–3100) 6.4 (5.7–7.1) 5600 (5000–6300) 7.0 (6.2–7.9)

Year 1 to 15
2016–2030

4300 (3700–5000) 7.6 (6.5–8.7) 4400 (4000–4800) 6.3 (5.7–6.9) 8700 (7800–9700) 6.9 (6.2–7.7)

Year 1 to 20
2016–2035

5900 (5000–6800) 7.4 (6.4–8.6) 6000 (5500–6500) 6.1 (5.6–6.7) 11 800 (10 600–13 100) 6.7 (6.0–7.4)

Year 1 to 25
2016–2040

7300 (6300–8400) 7.2 (6.2–8.3) 7500 (6900–8100) 5.9 (5.4–6.4) 14 800 (13 400–16 300) 6.5 (5.9–7.2)

Year 1 to 30
2016–2045

8700 (7400–10 000) 7.0 (5.9–8.0) 8900 (8200–9600) 5.7 (5.2–6.1) 17 600 (15 800–19 400) 6.3 (5.6–6.9)

Lifetime 10 700 (8800–12 600) 5.5 (4.5–6.4) 11 400 (10 300–12 500) 4.3 (3.9–4.7) 22 100 (19 400–24 800) 4.8 (4.2–5.4)

Mortality

Year 1 to 5
2016–2020

90 (70–110) 6.3 (5.0–7.6) 110 (90–130) 4.8 (3.9–5.7) 200 (170–240) 5.4 (4.4–6.4)

Year 1 to 10
2016–2025

380 (310–450) 6.5 (5.3–7.7) 450 (380–520) 5.0 (4.2–5.7) 830 (700–960) 5.6 (4.7–6.5)

Year 1 to 15
2016–2030

800 (700–1000) 6.6 (5.5–7.7) 1000 (800–1100) 5.1 (4.5–5.7) 1800 (1600–2000) 5.7 (5.1–6.4)

Year 1 to 20
2016–2035

1400 (1200–1600) 6.8 (5.6–7.8) 1600 (1400–1800) 5.2 (4.6–5.7) 3000 (2700–3400) 5.9 (5.3–6.5)

Year 1 to 25
2016–2040

2100 (1800–2400) 6.7 (5.8–7.8) 2400 (2200–2600) 5.2 (4.7–5.7) 4400 (4000–4900) 5.8 (5.3–6.4)

Year 1 to 30
2016–2045

2800 (2400–3200) 6.7 (5.7–7.7) 3200 (3000–3500) 5.2 (4.8–5.6) 6100 (5400–6700) 5.8 (5.2–6.4)

Lifetime 4900 (4000–5800) 5.3 (4.4–6.3) 6000 (5400–6600) 4.1 (3.7–4.5) 10 900 (9600–12 200) 4.5 (4.0–5.1)

UI, uncertainty interval.

prevented if current salt intakes were reduced by 30%, 
corresponding to an overall 13.3% (95% UI 12.9 to 13.7) 
reduction in mortality due to HHD.

HAlYs and life expectancy
By the year 2025, our model predicts that reducing 
current salt intakes by 30% could gain 29 200 (95% UI 26 
900 to 31 600) HALYs. By 2030, these gains are expected 
to increase to 75 400 (95% UI 69 800–81 200) HALYs, 
while over the lifetime, approximately 776 400 (95% UI 
712 600 to 841 200 HALYs could be gained (table 5 and 
online supplementary file, figure 1). For adults aged 
30–34 years, an increase in life expectancy by 0.23 years 
for men and 0.20 years for women and an increment in 
health-adjusted life expectancy by 0.19 years for men and 
0.17 years for women was estimated (online supplemen-
tary table 1).

Probability of premature CVd mortality
We estimate that the probability of a 30-year-old adult in 
Cameroon dying from CVD before age 70 years in 2016 
is 16.7%. Our model projects that this probability could 

be 15.4% in 2030 with current mortality rates. However, 
if populations reduce their salt intake by 30%, the proba-
bility of premature CVD mortality decreases from 16.7% 
in 2016 to 13.9% (13.8%–14.2%) in 2030, corresponding 
to a 16.8% (percentage change) reduction (table 6).

sensitivity analysis
In scenario analyses, a discount rate of 3% on health 
outcome reduces the number of HALYs projected in 
the base analysis by 59%. An even greater reduction 
occurs when we apply a 5% discount rate. However, both 
scenarios still result in substantial numbers of HALYs 
gained, 322 200 and 193 500, respectively. Over the life-
time, 20% reduction (ie, 1.13 g/day in men and 1.02 
g/day in women) in salt intake could lead to 525,700 
HALYs gained, while if just 10% (ie, 0.56 g/day in men 
and 0.50 g/day in women) reduction were achieved, 
approximately 282 100 HALYs could be gained. Similarly, 
substantial reductions in incident cases and mortality 
from CVD might be achieved. Applying the salt–BP rela-
tionship (5.39 mm Hg and 2.42 mm Hg drop in SBP for 
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Table 3 Reduction in incidence and mortality for haemorrhagic stroke due to 30% reduction in salt intake in the 2016 adult 
Cameroonian population

Year(s)

Haemorrhagic stroke

Male Female Total

Incidence n (95% UI) % (95% UI) n (95% UI) % (95% UI) n (95% UI) % (95% UI)

Year 1 to 5
2016–2020

1400 (1200–1600) 10.6 (9.0–12.4) 1100 (900–1200) 8.4 (7.4–9.5) 2500 (2200–2800) 9.5 (8.3–10.9)

Year 1 to 10
2016–2025

2900 (2500–3400) 10.5 (9.0–12.1) 2200 (2000–2500) 8.3 (7.5–9.3) 5200 (4600–5800) 9.4 (8.4–10.6)

Year 1 to 15
2016–2030

4600 (4000–5200) 10.4 (9.0–11.8) 3500 (3200–3800) 8.2 (7.5–9.0) 8100 (7300–9000) 9.3 (8.4–10.4)

Year 1 to 20
2016–2035

6200 (5400–7100) 10.1 (8.8–11.5) 4800 (4500–5200) 8.1 (7.4–8.7) 11 100 (10 000–12 300) 9.1 (8.2–10.1)

Year 1 to 25
2016–2040

7700 (6600–8800) 9.7 (8.4–11.2) 6100 (5600–6600) 7.8 (7.2–8.4) 13 800 (12 400–15 300) 8.8 (7.9–9.7)

Year 1 to 30
2016–2045

8900 (7700–10 300) 9.3 (8.0–10.7) 7200 (6600–7700) 7.4 (6.9–8.0) 16 100 (14 500–17 800) 8.4 (7.6–9.3)

Lifetime 11 100 (9300–13 000) 7.6 (6.4–8.8) 9400 (8600–10 200) 5.8 (5.3–6.2) 20 500 (18 200–23 000) 6.6 (5.9–7.4)

Mortality

Year 1 to 5
2016–2020

570 (480–670) 10.4 (8.8–12.3) 400 (360–470) 8.0 (6.9–9.1) 1000 (800–1100) 9.3 (8.0–10.7)

Year 1 to 10
2016–2025

1800 (1500–2100) 10.6 (9.0–12.2) 1300 (1200–1500) 8.2 (7.3–9.2) 3100 (2700–3500) 9.5 (8.3–10.7)

Year 1 to 15
2016–2030

3200 (2800–3700) 10.6 (9.2–12.1) 2400 (2200–2600) 8.3 (7.5–9.1) 5600 (5000–6200) 9.5 (8.5–10.6)

Year 1 to 20
2016–2035

4700 (4100–5400) 10.5 (9.111.9) 3600 (3300–3900) 8.2 (7.6–8.9) 8300 (7400–9100) 9.4 (8.4–10.4)

Year 1 to 25
2016–2040

6100 (5300–7000) 10.2 (8.8–11.6) 4700 (4400–5100) 8.0 (7.4–8.7) 10 800 (9800–12 000) 9.2 (8.3–10.1)

Year 1 to 30
2016–2045

7300 (6300–8400) 9.8 (8.4–11.2) 5800 (5300–6200) 7.7 (7.2–8.3) 13 100 (11 800–14 500) 8.8 (7.9–9.7)

Lifetime 9600 (8100–11 200) 7.9 (6.6–9.2) 8100 (7400–8800) 6.0 (5.5–6.4) 17 700 (15 700–19 800) 6.9 (6.1–7.7)

UI, uncertainty interval.

hypertensive and normotensive, respectively, for every 4.4 
g/day reduction in salt) obtained for all ethnic groups, 
as opposed to that in black ethnicity alone used for base 
analysis, approximately 667 300 HALYs might still be 
gained.

dIsCussIOn
Reduction in salt intake over the lifetime would signifi-
cantly reduce the incidence of and mortality from CVDs. 
Together, well over 700 000 HALYs will be gained if these 
salt reductions are achieved, including gains in health-ad-
justed life expectancy. Benefits were mostly greater in 
men compared with women. Our results were most sensi-
tive to varied discount rates. Achieving this salt reduction 
could lead to a 16.8% change (reduction) in premature 
mortality from CVD between 2016 and 2030.

A modelled analysis for nine European countries20 
found that a 30% reduction in population salt intake 
led to reduction in stroke prevalence by 6.4% in Finland 
and up to 13.5% in Poland. Modelling evidence from 
the USA21 and India22 have predicted similar substantial 

health gains. Although previous studies all found similar 
outcomes, authors have generally used different model-
ling approaches. For instance, the European study20 
used the DYNAMO-HIA model, a dynamic population 
model that takes into account changing population 
demographics (allowing new birth cohorts), contrary 
to our approach that does not. However, studies in New 
Zealand23 and Australia24 have used the same propor-
tional MSLT modelling approach and obtained similar 
health gains as observed in our study. The impact of other 
risk factors such as tobacco use, body mass index (BMI) 
and cholesterol known to influence CVD outcomes 
were not included or adjusted for in our model. While 
most salt–CVD modelling studies have similarly not 
taken them into account,20 22 24 Bibbins-Domingo et al 
compared the effects of salt reduction on CVD events 
with other risk factor interventions. They found that a 
reduction of 3 g per day in population salt intake yielded 
similar effects on the incidence of coronary heart disease 
as a 50% reduction in tobacco use, a 5% reduction in 
BMI in obese adults, or the use of statins in individuals 
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Table 4 Reduction in incidence and mortality for hypertensive heart disease by sex due to 30% reduction in salt intake in the 
2016 adult Cameroonian population

Year(s) 

Hypertensive heart disease

Male Female Total

Incidence n (95% UI) % (95% UI) n (95% UI) % (95% UI) n (95% UI) % (95% UI)

Year 1 to 5
2016–2020

780 (700–840) 19.5 (17.8–21.2) 1180 (1170–1190) 16.0 (15.8–16.2) 2000 (1900–2100) 17.2 (16.6–17.9)

Year 1 to 10
2016–2025

1500 (1400–1700) 19.0 (17.3–20.6) 2400 (2300–2500) 15.8 (15.7–15.9) 4000 (3800–4100) 16.9 (16.3–17.5)

Year 1 to 15
2016–2030

2300 (2100–2500) 18.5 (16.8–20.1) 3700 (3600–3800) 15.5 (15.4–15.6) 6000 (5800–6200) 16.5 (15.9–17.1)

Year 1 to 20
2016–2035

3000 (2700–3300) 17.9 (16.2–19.5) 5000 (4900–5100) 15.0 (14.9–15.1) 8000 (7700–8300) 16.0 (15.4–16.5)

Year 1 to 25
2016–2040

3800 (3400–4100) 17.3 (15.6–18.9) 6300 (6200–6,400) 14.5 (14.4–14.6) 10 000 (9700–10 400) 15.4 (14.8–15.9)

Year 1 to 30
2016–2045

4600 (4200–5000) 16.7 (15.2–18.3) 7500 (7400–7600) 14.0 (13.9–14.1) 12 200 (11 700–12 600) 14.9 (14.4–15.4)

Lifetime 7300 (6400–8100) 15.2 (13.5–17.0) 12 000 (11 900–12 100) 11.9 (11.8–12.0) 19 300 (18 500–20 100) 12.9 (12.4–13.5)

Mortality

Year 1 to 5
2016–2020

60 (55–70) 20.1 (18.1–22.1) 205 (200–210) 14.7 (14.6–14.8) 270 (260–280) 15.8 (15.3–16.1)

Year 1 to 10
2016–2025

220 (200–240) 19.3 (17.6–21.0) 740 (730–750) 14.9 (14.8–15.0) 1000 (900–1100) 15.7 (15.4–16.0)

Year 1 to 15
2016–2030

440 (400–480) 19.2 (17.5–20.9) 1480 (1470–1490) 15.1 (15.0–15.2) 1900 (1800–2000) 15.9 (15.6–16.3)

Year 1 to 20
2016–2035

720 (660–790) 19.1 (17.4–20.8) 2370 (2360–2380) 15.2 (15.1–15.3) 3100 (3000–3200) 16.0 (15.7–16.4)

Year 1 to 25
2016–2040

1030 (930–1100) 18.9 (17.2–20.6) 3340 (3330–3350) 15.2 (15.1–15.3) 4400 (4300–4500) 15.9 (15.5–16.2)

Year 1 to 30
2016–2045

1400 (1200–1500) 18.6 (16.8–20.3) 4350 (4330–4360) 14.9 (14.8–15.0) 5700 (5600–5800) 15.7 (15.3–16.1)

Lifetime 2500 (2200–2700) 12.6 (12.5–12.8) 7700 (7600–7800) 12.6 (12.5–12.7) 10 300 (10 000–10 500) 13.3 (12.9–13.7)

UI, uncertainty interval.

Table 5 Health-adjusted life years gained due to a potential 30% reduction in current salt intake among Cameroonian adults

Year(s)

Male Female Total

Mean (95% UI) Mean (95% UI) Mean (95% UI)

Year 1 to 5, 2016–2020 3000 (2600–3400) 2600 (2400–2700) 5500 (5100–6000)

Year 1 to 10, 2016–2025 15 700 (13 900–17 600) 13 500 (12 800–14 200) 29 200 (26 900–31 600)

Year 1 to 15, 2016–2030 40 600 (35 800–45 400) 34 800 (33 200–36 500) 75 400 (69 800–81 200)

Year 1 to 20, 2016–2035 77 500 (68 300–86 600) 66 800 (64 100–69 600) 144 300 (133 700–155 100)

Year 1 to 25, 2016–2040 124 700 (109 400–139 500) 108 400 (104 300–112 300) 233 100 (215 700–250 300)

Year 1 to 30, 2016–2045 178 800 (155 800–201 000) 157 600 (152 200–162 800) 336 300 (311 400–360 500)

Lifetime 392 000 (331 700–451 200) 384 500 (371 200–397 500) 776 400 (712 600–841 200)

UI, uncertainty interval.

at low or intermediate risk of CVD. This 3 g salt reduc-
tion produced larger benefits with stroke prevention 
compared with the other risk factor interventions and 
an equivalent reduction in mortality rates as antihyper-
tensive drug treatment in affected adults.21 Second, the 
study by Basu et al22 provided estimates over a 30-year 

period, the US study over a decade, while we model over 
the remaining lifetime of the population until they reach 
100 years or die. Some authors have modelled lag reversal 
in risk of stroke and IHD22 24; in our model, we do not 
consider those. However, Cobiac and colleagues found 
similar outcomes with and without incorporating risk 
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Table 6 Potential change in premature mortality from the four cardiovascular diseases (CVD) between 2016 and 2030 in 
Cameroon following a 30% reduction in population salt intake

Year

Base year
Without salt 
reduction

With salt 
reduction Percentage change

2016 2030 2030

2016–2030
(without salt 
reduction)

2016–2030
(with salt 
reduction)

Men

No of premature CVD deaths 4500 6900 6000 +53.3 +33.3

Premature mortality rate from CVDs* per 100 
000; estimate (95% CI)

139.3
(135.2 to 143.4)

129.0
(126.0 to 132.0)

111.9
(109.0 to 114.7)

−7.4 −19.7

Premature mortality probability from CVDs*, % 9.5 8.9 (8.9 to 8.9) 8.1 (8.0 to 8.3) −6.3 −14.7

Women

No of premature CVD deaths 3300 4900 4300 +48.5 +30.3

Premature mortality rate from CVDs* per 100 
000; estimate (95% CI)

101.2
(97.8 to 104.7)

89.8
(87.3 to 92.3)

78.5
(76.1 to 80.8)

−11.3 −22.4

Premature mortality probability from CVDs*, % 7.2 6.5 (6.5 to 6.5) 6.0 (5.9 to 6.0) −9.7 −16.7

Total

No of premature CVD deaths 7800 11 900 10 300 +52.6 +32.1

Premature mortality rate from CVDs* per 100 
000; estimate (95% CI)

120.1
(117.4 to 122.8)

109.2
(107.2 to 111.1)

95.0
(93.2 to 96.8)

−9.1 −20.8

Premature mortality probability from CVDs*, % 16.7 15.4 (15.4 to 15.4) 13.9 (13.8 to 14.2) −7.8 −16.8

Rates refer to the cumulative mortality rates for adults aged between 30 and 70 years, expressed per 100 000 population. Mortality 
probabilities refer to the unconditional probability that an adult aged 30 years will die before their 70th birthday in the year 2030. These are 
presented for the base year of analysis (2016), then without and with the projected 30% salt reduction to estimate the potential change.
*CVDs include ischaemic heart disease, ischaemic stroke, haemorrhagic stroke and hypertensive heart disease.

reversal lag.24 Contrary to our approach, other authors 
have modelled annual gradual reductions in salt intake 
on CVD,22 and these have yielded similarly large health 
gains as those observed in our study. Hendriksen and 
colleagues previously investigated the differences in 
health impact assessment methods used for modelling 
salt reduction.25 They compared seven population health 
models including the DYNAMO-HIA, the proportional 
MSLT and the coronary heart disease policy model and 
found that the size and shape of the salt and BP dose-re-
sponse as well as BP and CVD relationships influenced 
model outcomes with up to 33% maximum variation. 
Our reporting of outcomes that are broadly consistent 
with findings elsewhere, despite differences in model 
structure, potentially point to the robustness and validity 
of our findings.

More tangibly, examples of successful salt reduction 
strategies and their effect on BP and CVD have been 
noted. About a decade following implementation of a 
government-led campaign in Japan, there was a relative 
reduction in daily salt intake by over 28% (from 18 g to 
14 g), which was accompanied by an almost 80% fall in 
stroke mortality.13 Similarly, in Finland, average daily salt 
intake declined by a third over a period of almost three 
decades, thanks to a programme that included salt-aware-
ness campaigns, legislation for salt labelling and working 
with the food industry. This led to a drop of more than 
10 mm Hg in both systolic and diastolic BP, along with 

a 75%–80% decline in cardiovascular deaths.26 More 
recently, the UK implemented a programme including a 
media campaign and voluntary salt reduction by the food 
industry that led to a reduction in salt intake by around 
15% in just under a decade (2003 to 2011). This resulted 
in a significant reduction in mean population BP and 
declines in stroke and IHD deaths.13 These successful 
strategies could serve as model for other countries.

Global and regional/country modelling studies 
suggest that if specific NCD risk factor targets proposed 
by WHO are met, the decline in premature mortality of 
25% by 202527 28 and one-third by 2030 for Sustainable 
Development Goals (SDG)29 can be achieved in some 
countries or regions but not in others. Our projections 
reveal almost 17% change reduction in premature CVD 
mortality probability between 2016 and 2030 if the salt 
reduction target is attained in Cameroon. This is more 
than halfway through to meeting the expected 30% 
reduction for NCDs by 2030 and demonstrates the strong 
impact that population salt reduction could have on BP 
and CVD mortality. Nonetheless, these findings imply 
that there is a need for efforts on or combining other risk 
factor targets, to ensure attainment of the SDG prema-
ture mortality target in Cameroon.

strengths and limitations
A limitation in this study is that our modelling does not 
take into account changes in population demographics, 
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such as trends in fertility (incorporate new birth cohorts 
over time) and migration that modify the age structure 
of the population over time. Second, in terms of diseases 
and risk factors, other diseases linked to high salt intake 
such as osteoporosis, kidney disease and gastric cancer 
are not modelled. We did not include these because the 
causal link with salt intake is not as strong as that for 
CVDs. Taken together, these suggest our reported health 
gains are likely conservative. Where previous studies have 
modelled two diseases, IHD and all stroke,21 22 we explic-
itly modelled IHD, the two major types of stroke separately 
and HHD. Third, with respect to model inputs, there 
are no large nationally representative population-based 
longitudinal studies on CVD in Cameroon. As a result, 
our disease burden (incidence and mortality) and rela-
tive risk estimates relied on those from the GBD. We used 
BP data from a nationwide study obtained predominantly 
from urban settings.3 Our assumption that this applies to 
rural areas is supported by studies in Cameroon, as well 
as meta-analysis of studies from sub-Saharan Africa, that 
have reported similar hypertension prevalence in rural 
and urban areas.30 31 The nationwide study used does 
suggest the existence of regional differences in hyperten-
sion prevalence in Cameroon. Future modelling efforts 
could explore the impacts of such differences. For base-
line sodium intake, we used estimates from a Total Diet 
survey that sampled foods constituting over 96.5% of the 
average Cameroonian diet.32 Given consumption data 
used in this study were mostly from household budget 
survey, and foods were prepared in the study laboratory 
without any addition of salt/stock cubes and condi-
ments/spices (which are normally added during cooking 
in Cameroon), the sodium intake level reported is largely 
an underestimate as acknowledged by the authors.32 This 
implies our predicted model outcomes are likely conserv-
ative.

Apart from efforts in South Africa,12 to our knowl-
edge, no study in Africa has assessed the lifetime impact 
of population salt reduction as proposed by WHO. Our 
study is the first of such studies. Using the proportional 
MSLT method, we explicitly model changes in risk factor 
distribution, disease incidence, prevalence and mortality, 
including future life years while adjusting for disease-spe-
cific disability, and comorbidity. By calculating summary 
measures of population health such as HALYs, which 
incorporate morbidity and mortality, it aids in compara-
bility of our findings across other domains. The lifetable 
approach additionally provides estimates for changes in 
life expectancy, which are otherwise seldom reported in 
modelling studies. Furthermore, given the time horizon 
(lifetime) used, our study provides a comprehensive 
picture of the potential health gains due to salt reduc-
tion, as opposed to trials or other modelled evaluations 
with shorter duration. This study is the first to estimate 
the impact of salt reduction on the probability of prema-
ture CVD mortality, which is important to inform the 
Ministry of Health on strategies to attain the SDGs by 
2030.

We assume a dose-response salt–BP–CVD relationship 
in our study, supported by evidence from cohort and inter-
ventional studies7; some authors propose a non-linear 
relationship, being either U-shaped or J-shaped with 
increased risk of mortality with low and high salt intake.33 
Most of the latter studies had methodological shortcom-
ings such as measurement errors with quantification of 
sodium excretion, reverse causality and short interven-
tion duration, which made them less valid from a public 
health perspective.13 34

Implications for policy and future research
In Cameroon, there is currently no policy towards 
reducing salt intake and even more broadly, absence of 
robust strategies and interventions for the prevention of 
CVD. Recent evidence from low-income and middle-in-
come countries (LMICs) suggests that interventions 
targeting salt intake at population levels are cost-saving35 
and do also reduce out-of-pocket expenses and provide 
financial risk protection via averting catastrophic health 
expenditures.12 Thus, it is important for the Ministry of 
Health and other policy-makers to consider salt reduction 
interventions as part of combined strategies to reduce 
disease burden. These strategies have to be guided by 
knowledge of the sources of salt in the diet. A good start 
would be to increase awareness with media campaigns 
and public education on the ills of high salt diets, as 
studies suggest that the major sources of salt intake in 
Cameroon like most LMICs are from discretionary addi-
tion during cooking and at table.13

Future studies should include equity considerations, 
such as rural–urban differences, socioeconomic status 
and ethnic variations. Local, context-specific cost-effec-
tiveness analyses of potential interventions targeting salt 
reduction could be conducted to better inform policy 
decisions.

COnClusIOn
This study provides model-based evidence on the poten-
tial impact of population-wide reduction in salt intake 
if the WHO recommendations were achieved in Came-
roon. Our findings may be generalised to other African 
countries with similar epidemiological backgrounds, 
to join the global and public health recommendations 
to engage in population-wide reductions in salt intake. 
Future studies looking at the economic evaluation of 
potential salt reduction interventions are warranted to 
further inform policy.
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