downl oaded: 27.7.2024

.org/10. 7892/ boris. 122463 |

https://doi

source:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Accepted author’s manuscript. Published in final edited form as: Journal of Human Hypertension 2020;
34(4): 335-337. Publisher DOI: 10.1038/s41371-018-0137-z

Estimating the effect of a reduction of sodium intakein childhood on

cardiovascular diseaseslater in life

Magali Rios-Leyvraz' MSc, Pascal Bovet' MD MPH, Arnaud Chiolero™** MD PhD

Affiliations

! Institute of Social and Preventive Medicine (IUMSP), Lausanne University Hospital (CHUV),
Lausanne, Switzerland

2 Ingtitute of Primary Health Care (BIHAM), University of Bern, Bern, Switzerland

% Department of Epidemiology, Biostatistics and Occupational Health, McGill University,

Montreal, Canada

Correspondence

Magali Rios-Leyvraz, MSc

Institute of social and preventive medicine (IUMSP)
Lausanne University Hospital (CHUV)

Biop6le 2, 1010 Lausanne, Switzerland

E-mail: magali.leyvraz@chuv.ch

Conflicts of interest: None declared

Sour ce of funding: None declared

Running head: Effect of Nareduction in childhood on CVD
Word count (abstract and text): 1161

Number of references: 17

Number of tables: 1

Number of figures: 0

Keywords: salt, sodium, childhood, adulthood, blood pressure, cardiovascular diseases



27

28

29

30

31

32

33

35

36

37

38

39

41

42

&

46

47

49

50

51

Reducing sodium intake during childhood is recommended for the primordial prevention of
hypertension, and cardiovascular diseases (CVD). There is however no estimation of the effect
of sustained reduction on sodium intake beginning in childhood on CVD later in life. Based on a
simple impact model, we estimated that a sodium intake reduction between 1 and 2 g per day in
childhood could reduce coronary diseases by 3-6%, strokes by 3-5%, heart failures by 4-9%,

and CVD mortality by 4-9% later in life.

Worldwide, cardiovascular diseases (CVD) cause 17.6 million deaths per year, and half would be
attributable to high blood pressure (BP) (1, 2). Since experimental studies have shown that high
sodium intake increases BP (3), a key public health strategy to reduce the burden of high BP, and its
associated consequences, is to reduce dietary sodium intake at the population level (4). Sodium intake
is high in most populations: The average sodium intake among adults has been estimated be around 4
g/day worldwide (corresponding to 10 g of salt) (5), with the mgjority of the world population having
intakes above the maximum of 2 g/day recommended by the WHO (6). Because high BP has its roots
in childhood and tracks to adulthood (7), it has been advocated that primordial prevention beginning
as early asfrom the first years of life can have alarge potential to reduce the global burden of high BP
(8). Further, as dietary preferences and habits are largely ingrained during childhood, high sodium
intake in childhood could lead to high sodium intake in adulthood, with associated higher BP levels

and increased risk of CVD.

To the best of our knowledge, there is however no estimation of the long-term effect of sustained
reduction on sodium intake beginning in childhood on CVD later in life. While severa cohorts and
trials have investigated the associations between sodium intake in childhood and BP later in childhood
and in early adulthood (9, 10), no study has assessed the effect of reduced salt intake in childhood on
BP after 25 years of age and associated CVD risk in adulthood. Using a ssmple impact model, we
therefore indirectly estimated the percentage of CVD events and deaths prevented in adulthood by

reducing sodium intake during childhood at the population level.
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Assuming a causal relationship between sodium intake and BP during childhood, we modeled the
effect of areduction of sodium intake on BP and CVD incidence and mortality in adulthood. First, we
chose two different levels of sodium intake reductions during childhood, i.e., 1 and 2 grams/day
respectively. Second, we calculated the change in systolic BP in childhood caused each sodium intake
reduction, using the findings from a recent systematic review on the effect of sodium intake on BP
during childhood (11). Third, we extrapolated this systolic BP change in childhood to a change in
systolic BP in adulthood, assuming that, a change in 1 mmHg in childhood would lead to a change in
2 mmHg in adulthood, based on the mean difference between the highest and lowest blood pressure
trajectories reported in a cohort study (12). Fourth, we estimated the effect of this change in BP in
adulthood on the risk of CVD later in life, using risk estimates from a recent systematic review (13).

The equations used were the following:

1) Asgpchita [mmHg] = Asppiva chita [MmHZ/g sodium/d] x Ang chiia [g/d]
2)  Asgp agun [mmHg] = 2 X Aspp cpira [mmHg]

3) ACVD (%) = AR[S/( [%/WIMHg] X ASBP adult [mmHg]

where Aszp i1q IS the expected change in systolic BP in children; Asgpn, cnita 1S the change in systolic
BP expected for one gram change in sodium intake in children, i.e., 0.8 mmHg/g (11); Ang chia 1S the
reduction in sodium intake per day in children, i.e., 1 or 2 g; Aspp «au: 1S the expected change in
systolic BP in adults; A5 is the relative reduction in fatal and non-fatal events of coronary heart
disease, stroke, and heart failure, and CVD mortality; 4z IS the percentage reduction in coronary
heart disease, stroke, heart failure and CvD mortality per mmHg systolic BP (i.e. 1.7%, 2.7%, 2.8%,
and 1.3% respectively (13)). To estimate the uncertainty around the estimates, we used the 95%
confidence intervals (Cl) of the expected change in systolic BP per gram change in sodium intake in

children, i.e., 0.4 to 1.3 mmHg/g (11).

Theresults are shown in Table 1. We estimated that a reduction of sodium intake by 1 g per day from

childhood to adulthood would reduce BP during childhood by 0.8 mmHg, and during adulthood by

3
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1.6 mmHg. Dueto thisreduction in BP in adults, 3% of coronary heart diseases, 3% of strokes, 4% of
heart failures, and 4% of CVD deaths could be prevented. With a sodium reduction of 2 g per day, up
to 6% of coronary heart disease, 5% of stroke, 9% of heart failure, and 9% of CVD deaths could be

prevented.

Our simple model however has several limitations. First, the effect of sodium reduction in childhood
was likely underestimated due to regression dilution bias in the available estimates due to
measurement errors in sodium intake (14). Second, our analysis assumed a simple linear effect of
sodium intake on BP in childhood, although it has been suggested that the dose-response relationship
between sodium intake and BP could be J- or U- shaped (15, 16). Depending on the level of sodium
intake, this could result in over- or under-estimation of the actual effect in some segments of the
population. Third, we assumed that there was a causal relationship between sodium intake and BP and
that there were no negative consequences of reducing sodium intake irrespective of the baseline
sodium intake level and hypertension status of the individuals (17). Fourth, we assumed a difference
in systolic BP in childhood of 1 mmHg resulted in a change of 2 mmHg in adulthood, although blood
trajectories are much more complex and depend on other factors, such as overweight and smoking
(12). Fifth, we did not consider the effect of a salt intake reduction on diastolic BP. Finally, the
uncertainty around the estimates of the percentage of CVD events and deaths prevented is likely

greater than reported, as our impact model does not account for several sources of uncertainties.

Nevertheless, this modeling study helps evaluate the impact of early life CVD preventive population
based approach. Other studies have shown that population approaches to prevent CVD potentially can
prevent more CVD events and deaths than targeted approaches. For instance, a modelling study using
data from the Framingham Heart Study and the NHANES Il found that a reduction of 2 mmHg
diastolic BP at the population level could reduce the percentage of coronary heart diseases by 6%
(18), similarly to what we have found in our analysis. By comparison, a targeted approach where
individuals with diastolic BP above 95 mmHg are given anti-hypertension medication has been

estimated to prevent 4% of the coronary heart disease events (18).
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While limiting sodium intake during childhood would have a small impact from a clinical point of
view, our analysis suggests that it could have a substantial impact on the burden of CVD later in life.
Sodium intake can be limited during childhood by having more low-salt food options and reducing the
amount of salt added during cooking and at the table both at home and at school. Primordia
prevention of high blood pressure starting early in life, through a reduction in sodium intake in

childhood, has the potential to have a substantial impact on therisk of CVD later in life.
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Table 1. Effect of reducing sodium intake by 1 and 2 g/day in childhood on blood pressure in childhood and on CVD risk and mortality in adulthood.

Changein systolic | Changein systolic Per centage of

Reduction Per centage of Per centage of Per centage of
Equivalent in | blood pressurein | blood pressurein coronary heart

in sodium heart failures CVD deaths
salt (g NaCl/d) | children (mmHg) | adult (mmHg) | diseases prevented
(g Na/d) prevented (13) | prevented (13) prevented (13)
(11) (12) (13

-1g -25¢g -0.8(-04,-1.3' | -1.6(-0.8,-2.6)> | -3% (-2%, -5%)° | -3% (-1%, -4%)° | -4% (-2%, -7%)* | -4% (-2%, -7%)"

29 -5¢9 -1.6(-0.8,-2.6)' | -3.2(-1.6,-5.2)> | -6% (-3%, -10%)*

-5% (-3%, -9%)°

-9% (-4%, -14%)”

-9% (-4%, -15%)”

Abbreviations: CVD: cardiovascular diseases; Na: sodium; NaCl: salt. * 95% confidence interval; * lower and upper estimates.




Summary Table

What is known about topic
¢ Reducing sodium intake during childhood is advocated for the primordia prevention of
hypertension, and cardiovascular diseases.
e Thereisno estimation of the effect of sustained reduction on sodium intake beginning in

childhood on CVD later in life.

What this study adds
e Thismodeling study helps evaluate the impact of sodium reduction in childhood for the
primordial prevention of cardiovascular diseases incidence and mortality later in life.
e Our findings suggest that a sodium intake reduction in childhood could prevent a

substantial proportion of cardiovascular diseases later in life.
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