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ORIGINAL ARTICLE

Delayed Finalization of Sodium Targets in the
United States May Cost Over 2560 000 Lives by
2031

Jing Song, Mhairi K. Brown(, Laura K. Cobb, Michael F. Jacobson, Nicole Ide, Graham A. MacGregor, Feng J. He

BACKGROUND: The US Food and Drug Administration (FDA) proposed 2- and 10-year voluntary sodium-reduction targets for
>150 packaged- and prepared-food categories in 2016 and finalized the short-term targets in 2021.

METHODS: We modeled the health benefits of implementing the newly finalized sodium targets, and the net health losses
because of the 4.3-year delay in finalizing the sodium targets in different compliance scenarios in adults aged >30, using
the National Health and Nutrition Examination Survey (NHANES) 2015 to 2016 cycle. The health impact was estimated by
multiplying the projected reduction in population sodium intake by the annual health benefits resulting from every 1000-mg
reduction in daily sodium intake.

RESULTS: Under certain assumptions, the FDA's finalization of the short-term targets in Oct 2021 and possible finalization
of the long-term targets by April 2024 is projected to save up to 445979 (95% ClI, 17 349-787 352) lives in the coming
10 years. The net number of unnecessary deaths because of FDA's delay is projected to be as high as 264644 (95% Cl,
10295-467 215) according to our prediction.

CONCLUSIONS: These findings highlight the enormous health costs due to the FDA's delay in finalizing the sodium-reduction
targets, and the great potential health benefits of industry compliance with the FDA's finalization of its short- and long-term
targets in the coming 10 years. (Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475.)
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deaths and disability in the United States and many

other countries."? Excessive sodium intake, mostly from
sodium chloride, is one of the most important risk factors for
CVD worldwide.3* Globally, population sodium intake is far
higher than the World Health Organization's recommended
limit of 2000 mg/day>® A diverse body of evidence, includ-
ing animal studies, natural experiments, epidemiological
studies, population-based interventions, and numerous ran-
domized controlled trials demonstrates a linear relationship
between sodium intake and blood pressure.” ' Intervention
trials and prospective studies also found that lower sodium
intake is associated with reduced CVD risk and mortality
in the long term:"'~'8 Conflicting results showing a J- or

Cardiovascular disease is one of the leading causes of

U-shaped relationship between sodium intake and CVD
risks have been proved to be attributed to the erroneous
methods of measuring the sodium intake.*'" The reduced
risk is mediated through lower blood pressure or other path-
ways independent of blood pressure3''2 In addition, there
is evidence of potential direct benefits from reducing sodium
intake on kidney disease, gastric cancer, and osteoporosis."!

See Editorial, pp 809-812

Currently, the average American adult consumes about
3400 mg of sodium per day, and only 10% of the popula-
tion consumes the <2300 mg/day limit recommended in
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Delay of Sodium Targets May Cost 250 000 Lives

NOVELTY AND SIGNIFICANCE

What Is New?

The Food and Drug Administration (FDA) finalization of
its 2.5-year targets in October 2021 could save as many
as 446000 deaths in the coming 10 years, depending
on when the 10-year targets will be finalized and to what
degree the sodium targets be achieved.

The net number of preventable deaths resulting from the
FDAs 4.3-year delay in finalizing the short-term targets
could be up to 265000 between 2017-2031.

What Is Relevant?

Setting stepwise sodium-reduction targets for packaged
and prepared foods could reduce the sodium content in
the US diet and the population sodium intake, thus lower-
ing average blood pressure and reducing the incidence of
cardiovascular disease.

Clinical/Pathophysiological Implications?
FDA's delay in finalizing its sodium-reduction targets has
had and will continue to have huge health consequences
for Americans.

It is vital for the FDA to take actions to maximize industry
compliance with the short-term sodium targets and final-
ize the long-term targets as soon as possible.

Nonstandard Abbreviations and Acronyms

CHD coronary heart disease

COVID-19 coronavirus disease 2019

CVvD cardiovascular disease

FDA Food and Drug Administration

NHANES National Health and Nutrition Examina-
tion Survey

QALY quality-adjusted life year

RCT randomized controlled trial

the federal government’s Dietary Guidelines for Ameri-
cans 2020 to 2025."82° More than 70% of the sodium
in the average US diet comes from sodium added in pro-
cessed (ie, packaged food sold in retail settings) and pre-
pared foods (ie, food prepared for consumption outside
the home),?" indicating that reformulation to reduce lev-
els of sodium in these sources, or replacement of higher-
sodium with lower-sodium products, would play a critical
role in sodium reduction.

Setting sodium-reduction targets for packaged foods
has been shown to have the potential to both spur indus-
try to lower the sodium content in processed foods and
reduce the population sodium intake in some coun-
tries.?223 For example, beginning in 2006, the United
Kingdom established progressively lower voluntary
sodium (mostly from sodium chloride) targets for over 80
food categories, provided clear timetables to encourage
ongoing food reformulation, and monitored the progress
of sodium reduction by industry. As a result, population
sodium intake measured by 24-hour urinary excretion
declined by 10% between June 2005 (geometric mean
[95% CI, 2989 (1013-8822)] mg/d; arithmetic mean
[95% ClI, 3304 (69-6539)] mg/d) and 2011 (2714
[1020-7221] mg/d; 2989 [494-5484] mg/d). Most of

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475

the reductions (60%) occurred between June 2005 and
September 2008.% This fall in population sodium intake
was associated with *6000 fewer CVD deaths per year.?*
Another example is South Africa’'s mandatory maximum
sodium targets for certain processed foods implemented
since 2016, which was associated with a decline of 460
mg/d in mean population sodium intake over the follow-
ing 2 years (measured by 24-hour urinary excretion).?
In 2016, the US Food and Drug Administration (FDA)
published a draft guidance for Voluntary Sodium Reduc-
tion Goals, which proposed progressively lower sodium
targets for > 150 food categories to be attained in 2
and 10 years.?®® The FDA estimated that full compliance
with the draft guidance would reduce sodium intake by
about 11% in the first 2 years and 32% in 10 years, ulti-
mately resulting in average intake of about 2300 mg/d.
The guidance was not finalized until October 2021, when
the FDA released the modified, voluntary, short-term (2.5
year) sodium-reduction targets that, if fully implemented
by industry, would reduce sodium intake by 12%.32¢ The
FDA has not announced when it will finalize the long-term
(10-year) guidance but has indicated that it will release
additional intermediate targets. In this study, we projected
the potential health benefits in the coming 10 years
(October 2021 to October 2031) resulting from industry
response to the finalized short-term targets and possibly
finalized long-term targets from Oct 2021 to Oct 2031.
We also projected the total health losses (mid-2017 to
Oct 2031) that is likely to be caused by the FDA's 4.3~
year delay in implementing its voluntary sodium targets.

METHODS

Data Sources

All data and materials have been made publicly available by the
US Centers for Disease Control and Prevention and can be
accessed at https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.
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The details of the data collection and study population of the
National Health and Nutrition Examination Survey (NHANES)
have been described elsewhere.?” We used the 2015 to 2016
cycle and included 4745 participants aged 30 and above who
completed 2 24-hour dietary recalls (Supplemental Methods).
The survey was approved by NCHS's Ethical Review Board,
and all participants provided written informed consent.

Policy Scenarios

We considered 4 policy scenarios in our analyses (see
Figure 1): (1) Base scenario: no sodium targets were imple-
mented during mid-2017 to October 2031, and therefore no
changes occur in population daily sodium intake and health
outcomes of interest. (2) Minimal Compliance scenario:
the 2-year drafted targets were implemented in mid-2017
(assuming a 1-year time frame for FDA to finalize its proposed
guidelines) and 50% achieved by mid-2019 with the lower
sodium levels continuing into the future, while the 10-year

Delay of Sodium Targets May Cost 250 000 Lives

targets were never finalized (Drafted Targets); or the 2.5-year
finalized targets were implemented in Oct 2021 and 50%
achieved by April 2024 with the lower sodium levels remain-
ing constant into the future because the 10-year targets were
never finalized (Finalized Targets). (3) Medium Compliance
scenario: the 2-year drafted targets were finalized by mid-
2017 and 50% achieved by mid-2019, while the 10-year
targets were finalized by mid-2019 and 50% achieved by mid-
2027 with the lower sodium levels continuing into the future
(Drafted Targets); or the 2.5-year finalized targets were imple-
mented in October 2021 and 50% achieved by April 2024,
while the 10-year targets were finalized by April 2024 and
50% achieved by October 2031 (Finalized Targets). (4) Full
compliance scenario: the 2-year drafted targets were final-
ized by mid-2017 and fully achieved by mid-2019, while the
10-year targets were finalized by mid-2019 and fully achieved
by mid-2027 with the lower sodium levels continuing into the
future (Drafted Targets); or the 2.5-year finalized targets were
implemented in October 2021 and fully achieved by April
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Figure 1. Schematic of the time frames and scenario assumptions in the study.

The figure indicates the sodium reductions for the full, medium and minimal compliance scenarios compared to the base scenario, and the
health losses due to the Food and Drug Administration's (FDA) delay in finalizing its sodium targets. The health losses that could have been
and continue to be saved over 14.3 y (mid-2017 to October 2031) were projected based on several counterfactual assumptions: the FDA had
finalized its short-term (2-y) sodium-reduction targets in mid-2017 and implemented them until mid-2019 to a varying degree; the drafted long-
term (10-y) sodium-reduction targets were implemented beginning in mid-2019 and continued through mid-2027; and the population sodium
intake after mid-2027 would continue unchanged into the future (“Drafted Targets"—dotted lines). We also projected the health benefits for the
coming 10 y considering that the FDA finalized short-term (2.5-y) targets in October 2021, which will continue in effect through April 2024; the
FDA would finalize the long-term (10-y) targets before April 2024 and they would be achieved to varying degree by October 2031 (“Finalized
Targets"—dashed lines). The difference between the number of deaths prevented over 14.3 y with the “Drafted Targets” and the number of
deaths prevented over 10 y with the “Finalized Targets” is estimated as the net number of deaths because of the FDA's 4.3-y delay (proportional
to gray area between dotted lines and dashed lines).
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2024, while the 10-year targets were finalized by April 2024
and fully achieved by October 2031 (Finalized Targets). We
assumed the declines of population sodium intake would be
linear across each of the time intervals.

For the Finalized Targets under each scenario of compli-
ance, we projected the changes in population sodium intake
(Figure 1 dashed lines) and health benefits in the coming 10
years, given the current reality that the short-term (2.5 year)
sodium targets were recently finalized in October 2021 and
are scheduled to be achieved to varying degrees by April
2024, and that the long-term (10-year) sodium targets may
be finalized by April 2024 and achieved to varying degrees
by October 2031.

For the Drafted Targets under each scenario of compliance,
we projected the reduction in population sodium intake (Figure
1 dotted lines) and the unnecessary health losses in a total of
14.3 years (mid-2017 to October 2031) if the 2-year targets
were finalized by mid-2017 and achieved to varying degrees
by mid-2019, and the 10-year targets were finalized by mid-
2019 and achieved to varying degrees by mid-2027 with the
benefits from reduced sodium intakes continuing through
October 2031. The total projected health losses were further
separated into 2 segments: the potential health loss that could
have been saved in the past 4.3 years (mid-2017 to October
2021 when the FDA released the finalized short-term targets);
and the potential health loss that could continue to be saved in
the coming 10 years.

To estimate the net health losses because of the 4.3-year
delay in reducing the population sodium intake levels, we com-
pared the potential health losses that could be saved in the
coming 10 years if the FDA had implemented the Drafted
Targets in 2017, to the potential health benefits in the coming
10 years of implementing the Finalized Targets, and then added
these differences to the potential health losses that could have
been saved in the past 4.3 years if the FDA had implemented
the Drafted Targets in 2017 (Figure 1 gray area).

For all the analyses, we compared the health impact esti-
mated under Full Compliance, Medium Compliance, or Minimal
Compliance scenarios with that estimated under the Base sce-
nario during the time periods. All the comparisons were based
on the assumptions that there was no lag between sodium
reduction and the resultant beneficial impact on health,2%°
that sodium intake declined linearly during the relevant inter-
vals, and that a linear relationship exists between the decline of
sodium intake and the reduction of disease burden.

Potential Changes in Population Sodium Intake
The potential changes in population sodium intake were esti-
mated for both Drafted Targets and Finalized Targets under
different scenarios using a 3-step method similar to that by
Cogswell et al.*® To examine the methodological robustness, we
also compared our estimates of projected reduction in sodium
intake resulting from the Drafted Targets to results derived
from 2 modeling studies evaluating the projected 10-year
health impact of the US 2- and 10-year sodium-reduction tar-
gets proposed in 2016 (Supplemental Methods).3"32

Health Outcomes

Because of the well-documented association between sodium
intake and CVD burden, we assessed the projected CVD

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475
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events and deaths that could have been prevented in the past
4.3 years and could be prevented in the coming 10 years. In
addition, we projected the all-cause deaths that might have
been averted and Quality-Adjusted Life Years (QALYs) gained
in the past 4.3 years and might continue to be prevented or
gained in the following 10 years.

The assessment of health impact was applied in both
the primary and complementary analyses based on the pro-
jected reductions in population sodium intake (Supplemental
Methods). To project the cumulative health impact over the
years because of reductions in sodium intake, the estimated
changes in sodium intake per day under different scenarios
were multiplied by the estimated annual health benefits result-
ing from every 1000 mg reduction in daily sodium intake for
each outcome (Table S1)01233-%8 and then summed up as the
cumulative health losses over the years (Figure 2).

Statistical Analyses

To account for the unequal probability of sampling across
demographic groups, the mean baseline sodium intake was
calculated using survey weights (base probabilities of selection
with nonresponse and post-stratification adjustments created
by the National Center for Health Statistics) to match the popu-
lation reported from the Census Bureau. The 95% Cls were
calculated for the lower and higher estimates of each health
outcome. All analyses were carried out using R v4.0.0 software.

RESULTS

Projected Health Benefits of Implementing
the Finalized Targets From October 2021 to
October 2031

The characteristics of the study population are shown in
Table S2.2039 We first projected the health benefits in the
following 10 years given that the FDA finalized short-term
(2.5 year) targets in October 2021 and are expected to
be achieved by April 2024, by which time we assumed
a long-term (10 year) guidance would be finalized and
expected to be achieved by October 2031 (Finalized Tar-
gets) (Tables 1 and 2). Under the Full Compliance sce-
nario, the average population sodium intake is projected
to decline to 2318 mg/d, which we project would result
in 642945 (95% CI of the low estimate: 506 125—
779765) to 1047082 (95% CI of the high estimate:
823850-1270314) fewer major CVD events, 161757
(72459-250544) to 416384 (16329-735304) fewer
major CVD deaths, and 249014 (150020-348007) to
445979 (17349-787 352) fewer total deaths as well
as 1375902 (1059059-1692746) to 2204383
(1678711-2730055) gained QALYs, by October 2031.

Even with the Minimal Compliance, we estimate
that lower sodium intake would prevent 217418 to
354081 major CVD events, 54699 to 140804 major
CVD deaths, and 84206 to 150812 total deaths, as
well as gain 465274 to 745433 QALYs, by 2031 (see
confidence intervals for both low and high estimates in
Tables 1 and 2).
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E Estimated population sodium cor ptionatb ] ~
2 . h \‘
Three methods were applied to

estimate the reduction of sodium intake
in NHANES 2015-2016 participants aged
>30in the Full, Medium or Minimal
Compliance Scenarios compared to the
Base Scenario:

Projected reduction in the
population sodium intake for the
coming 10 yrs (Oct 2021 to Oct
2031) - “Drafted Targets”

* The 2-year targets were
finalized in mid-2017 and
gradually achieved by mid-2019;

Projected reductionin the
population sodium intake for the
coming 10 yrs (Oct 2021 to Oct
2031) - “Finalized Targets” >
* The 2.5-year targets were
finalized in Oct 2021 and
gradually achieved by April 2024;
* The 10-year targets were
finalized by April 2024 and
gradually achieved by Oct 2031

Projected reduction in the
population sodium intake for the
past 4.3 yrs (mid-2017 to Oct 2021)
- “Drafted Targets”

* The 2-year targets were finalized
in mid-2017 and gradually
achieved by mid-2019;

* The 10-year targets were
finalized by mid-2019 and
gradually achieved by mid-2027
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- Primary analyses: following the
methods of predicting sodium reduction
in Cogswell et al.®

- Complementary analyses: using the
estimates from Dehmer et al and
Pearson-Stuttard et al.31:32

* The 10-year targets were
finalized by mid-2019 and
gradually achieved by mid-2027

L

Health benefit projected for the
coming 10 yrs (Oct 2021 to Oct
2031) - “Drafted Targets”

* The 2-year targets were
finalized in mid-2017 and
gradually achieved by mid-2019;

* The 10-year targets were
finalized by mid-2019 and
gradually achieved by mid-2027

( \

Health benefit projected for the

coming 10 yrs (Oct 2021 to Oct

2031) based on the reality that -

“Finalized Targets”

* The 2.5-year targets were >
finalized in Oct 2021 and

gradually achieved by April 2024;

* The 10-year targets were
finalized by April 2024 and
gradually achieved by Oct 2031

Health loss projected for the past
4.3 yrs (mid-2017 to Oct 2021) -
“Drafted Targets”

* The 2-year targets were finalized
in mid-2017 and gradually
achieved by mid-2019;

* The 10-year targets were
finalized by mid-2019 and
gradually achieved by mid-2027
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Figure 2. Flow chart of the analyses in the study.

CHD indicates coronary heart disease; NHANES, National Health and Nutrition Examination Survey.

Projected Health Losses Supposing That the
Drafted Targets Would Be Implemented From
Mid-2017 to Mid-2027

Tables S3 and S4 show the projected health losses that
could have been saved in the past 4.3 years and could
continue to be saved in the coming 10 years, if the 2-year
targets had been implemented in mid-2017 and the
10-year targets had been finalized by mid-2019 (Drafted
Targets). Under the Full Compliance scenario, the aver-
age population sodium intake could have decreased
to 2809 mg/day by October 2021 and would continue
to decline to 2318 mg/day by 2027 As a result, 164
035 to 267 143 major CVD events, 41 269 to 106 232
major CVD deaths, and 63 531 to 113 783 total deaths
were projected to have been saved, as well as 351035
to 562406 QALYs gained, by October 2021. In the com-
ing 10 years, 860433 to 1 401 276 more major CVD
events, 216474 to 557 233 more major CVD deaths, and
333247 to 596 840 more total deaths are projected to be
prevented, and 1841327 to 2950056 additional QALYs
could be gained. In total, over the 14.3 years, 1024 468 to
1668419 major CVD events, 257 743 to 663 465 major
CVD deaths, and 396778 to 710 623 total deaths could
be prevented, and 2192362 to 3512462 QALYs could
be gained (see confidence intervals for both low and high
estimates in Table S3 and S4).

Note that under the Minimal Compliance scenario,
population sodium intake was projected to have declined
only slightly to 3213 mg/day in the past 4.3 years and
then continue at that level into the future. Even then,

802  April 2022

67693 to 110243 major CVD events, 17030 to 43839
major CVD deaths, and 26218 to 46955 total deaths
were projected to have been prevented, and 144863
to 232091 QALYs could have been gained in the past
4.3 years. By October 2031, we estimated that an addi-
tional 176591 to 287591 more major CVD events,
44428 to 114364 more major CVD deaths, and 68 394
to 122493 more total deaths might be prevented, and
377905 to 605455 QALYs might continue to be gained.
In total, over the 14.3 years, 244284 to 397 834 major
CVD events, 61458 to 168203 major CVD deaths, and
94612 to 169448 total deaths could be prevented, and
522768 to 837546 QALYs could be gained if the FDA
had implemented the Drafted Targets from mid-2017
to mid-2031 (see confidence intervals for both low and
high estimates in Tables S3 and S4).

In the complementary analyses, the estimated reduc-
tion in population sodium intake and health impact of
the Drafted Targets were similar to those in the primary
analyses (Tables S5 through S8).3%34

Net Health Losses From Mid-2017 to October
2031 Because of FDA’s 4.3-Year Delay

The net number of unnecessary deaths because of
FDAs delay in finalizing the proposed targets would
be projected as 147764 to 264644 from mid-2017
to October 2031 under the Full Compliance scenario.
Even under the Minimal Compliance scenario, a total
of 10406 to 18636 deaths are estimated to be attrib-
uted to the delay (see confidence intervals for both low

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475
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Table 1. CVD Events Projected to Be Prevented and QALYs to Be Gained in the Coming 10 y (October 2021 to October 2031),
Considering That the FDA Finalized 2.5-y Targets in October 2021, and if it Finalized the 10-y Targets by April 2024 (Following

Cogswell’s Method of Predicting Sodium Reduction) =
(-1
Preventable incident major =
Preventable incident CHDs | Preventable incident CVDs (CHDs+strokes) |:lz
(95% CI) strokes (95% CI) (95% CI) Gained QALYs (95% CI) ;
—
Low esti- High Low esti- High Low esti- High Low esti- High =
Projected mate (based | estimate mate (based | estimate mate (based | estimate mate (based | estimate m
sodium Projected on a meta- (based on 2 | on a meta- (based on 2 | on a meta- (based on 2 | on a meta- (based on 2
consump- | sodium analysis of high-quality | analysis of high-quality | analysis of high-quality | analysis of high-quality
tion by reduction RCT+CHD RCTs+CHD | RCT+CHD RCTs+CHD | RCT+CHD RCTs+CHD | RCT+CHD RCTs+CHD
2031 by 2031 policy policy policy policy policy policys policy policy
Scenario (mg/d) (mg/d) model)* model)* model)* model)t model)t model)t model)* model)t
Full 2318 1097 404137 679685 238808 367397 642945 1047082 1375902 2204383
compliance (332127- (560868- (173999- (262983- (506 125- (823850- (1059059- (1678711-
476147) 798501) 303617) 471811) 779765) 1270314) 1692746) 2730 055)
Medium com- | 2867 548 202068 339842 119404 183699 321472 523541 687951 1102191
pliance (166064- (280434 (87000- (131491- (253062- (411927- (529529- (839355—
238073) 399250) 151808) 235906) 389882) 635155) 846373) 1365027)
Minimal com- | 3145 270 136663 229842 80755 124239 217418 354081 465274 745433
pliance (112312- (189663- (58839- (88930- (171152- (278594— (358131- (567672—
161013) 270021) 102671) 159547) 263684) 429568) 572418) 923194)

The estimates of incident CHD, stroke, major CVD, and QALYs were calculated based on Bibbins-Domingo et al. CVD indicates cardiovascular disease; CHD, coronary heart
disease; FDA, Food and Drug Administration; QALY, quality-adjusted life year; and RCT, randomized controlled trial.

“The modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis and then applied the projected reduction in
systolic blood pressure in the CHD Policy Model, to model the low estimate of prevented incidence and QALYs.

1This study also used the dose-response relation between salt reduction and systolic blood pressure observed in 2 high-quality clinical trials and then applied the projected reduc-
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tion in systolic blood pressure in the CHD Policy Model, to model the high estimates of prevented incidence and QALYs.

and high estimates in Table 4). The net numbers of CVD
events and deaths, and QALYs because of the FDA's 4.3-
year delay were shown in Tables 3 and 4.

DISCUSSION

In this study, we projected that up to 446000 lives might
be saved in the coming 10 years now that the FDA final-
ized the short-term targets (2.5 year) in October 2021
that are expected to be gradually achieved by April 2024,
as well as the 10-year targets that finalized by April
2024 and gradually achieved by October 2031. How-
ever, because of FDAs 4.3-year delay in finalizing the
short-term targets, the net losses of lives between 2017
and 2031 is projected to be as high as 265000. The
majority of attributable deaths are because of the CVD
burden related to excessive sodium intake from pack-
aged and prepared foods.

The US government, several public health organiza-
tions, and some food companies have made numer-
ous efforts to reduce sodium intake since the 1980s,
including mandatory sodium content labeling on pack-
aged foods, public education initiatives to reduce
sodium intake, population sodium intake recommen-
dations, and voluntary reductions.*® However, sodium
intake has not declined over the past 30 years,*"*2 indi-
cating that the previous efforts were inadequate.'® Pre-
vious evidence showed that downstream interventions
directed at consumers, such as education programs,
are much less effective than upstream interventions
at the manufacturer/restaurant level, such as gradual,
unobtrusive reformulation to reduce sodium content in

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475

foods, which do not require behavior change on the
part of consumers.*® Multifaceted strategies including
both downstream and upstream measures are consid-
ered to be much more powerful than single interven-
tions because of potential synergistic effects and thus
are needed to increase the effectiveness of sodium-
reduction efforts and reduce the health burden caused
by excessive sodium intake.*+45

In 2009, a national coalition led by the New York City
health department and supported by >100 health organi-
zations and health authorities launched the National Salt
Reduction Initiative in the United States. National Salt
Reduction Initiative which was modeled after the UK's
successful salt-reduction program, established stepwise
voluntary sodium reductions for 2012 and 2014 for >80
packaged and restaurant food categories.?*® The targets
aimed to reduce sodium by 25% in packaged and pre-
pared foods and reduce the population sodium intake by
20% by 2014.3° However, only a small number of com-
panies made public commitments to meet the National
Salt Reduction Initiative targets, and the observed sodium
content of the food supply by 2014 was far from meeting
the targets. However, National Salt Reduction Initiative’s
development of targets served as a model for the FDA.

In 2016, the FDA released a draft guidance with vol-
untary short-term (2-year) and long-term (10-year) tar-
gets for sodium content in >150 categories of packaged
and prepared foods. The guidance was in response to
both the 2010 Institute of Medicine report on strategies
for reducing sodium in the US food supply (including
mandatory limits) and a lawsuit by the Center for Science
in the Public Interest.?4%“8 The targeted food categories
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Table 2. CVD and All-Cause Deaths Projected to Be Prevented in the Coming 10 y (October 2021 to October 2031), Consid-
ering That the FDA Finalized 2.5-y Targets in October 2021, and If it Finalized the 10-y Targets by April 2024 (Following Cog-
swell’s Method of Predicting Sodium Reduction)

Full 2318 1097 134712 342394 27045 73990 161757 416384 249014 445979
compliance (56130- | (13267- | (16329- (3062 (72459- | (16329- | (150020- | (17849-
213294) 604 674) 37250) 130630) 250544) 735304) 348007) 787352)
Medium 2867 548 67356 171197 13522 36995 80878 208192 124507 222990
compliance (28065- | (6634~ (8164 (1531 - (36229- | (8165- (75010- | (8675-
106647) 302337) 18625) 65315) 125272) 367652) 174003) 393676)
Minimal 3145 270 45554 115784 9145 25020 54699 140804 84206 150812
compliance (18981- | (4486- (5522 - (1035- (24503- | (5521 - (50731- | (5867-
72128) 204 476) 12596) 44174) 84724) 248650) 117682) 266251)

The estimates of CHD, stroke, and all-cause mortality were calculated based on 2 modeling studies and one randomized controlled trial (RCT) nested in Coxson et al.
CVD indicates cardiovascular disease; CHD, coronary heart disease; and FDA, Food and Drug Administration.

“The first modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis, and another meta-analysis
of RCTs evaluating the association between blood pressure reduction and CHD mortality change in hypertensive persons, to model the low estimate of CHD mortality.

tThe high estimates of CVD deaths and total deaths were derived from an RCT of sodium-reduction interventions in individuals with high-normal diastolic blood
pressure (TOHP).

$The second modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis and then applied the
projected reduction in systolic blood pressure in the CHD Policy Model to model the low estimate of stroke mortality.

§The estimates of major CVD deaths were calculated as the sums of CHD and stroke deaths.

Table 3. Net Numbers of CVD Events and QALYs Lost Between Mid-2017 and October 2031 Projected to Be Caused by the
FDA’s 4.3-y Delay in Finalizing the Proposed Sodium Reduction Targets (Following Cogswell’s Method of Predicting Sodium
Reduction)

Full compli- 2318 1097 239814 403324 141709 218013 381523 621337 816460 1308079
ance (197084 - (332819- (103251 - (1566054 - (300336 - (488874 - (628445- (996146—
282545) 473830) 180166) 279973) 462710) 753800) 1004473) 1620012)
Medium 2867 548 119908 201663 70854 109006 190762 310669 408230 654040
compliance (98541 - (166410 (51625— (78027 - (150169 (244437- (814223- (498073 -
141273) 236915) 90084) 139986) 231355) 376901) 502237) 810006)
Minimal 3213 202 16887 28401 9979 15352 26866 43753 57494 92113
compliance (13878- (23437 (7271 - (10989- (21149- (34423- (44254 - (70147-
19897) 33366) 12687) 19716) 32583) 53083) 70734) 114079)

The estimates of incident CHD, stroke, major CVD, and QALYs were calculated based on Bibbins-Domingo et al.CVD indicates cardiovascular disease; CHD, coronary heart dis-
ease; FDA, Food and Drug Administration; QALY, quality-adjusted life year; and RCT, randomized controlled trial.

“The modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis, and then applied the projected reduction in
systolic blood pressure in the CHD Policy Model, to model the low estimate of prevented incidence and QALYs.

1This study also used the dose-response relation between salt reduction and systolic blood pressure observed in 2 high-quality clinical trials and then applied the projected reduc-
tion in systolic blood pressure in the CHD Policy Model, to model the high estimates of prevented incidence and QALYs.
contribute 90% of total dietary sodium intake, and food ~ sodium density than food prepared at home, and pro-
safety and technical feasibility were taken into account®®  vide Americans with more than one-third of their sodium
The most commonly consumed foods from the top res-  intake.?® The guidance did not make recommendations
taurant chains were also included as these foods usu-  for specific methods for reducing sodium, allowing

ally have nationally uniform nutrient levels, have a higher  industry to reformulate products however they wanted
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Table 4. Net Numbers of CVD and All-Cause Deaths Between Mid-2017 and October 2031 Projected to Be Caused by FDA’s
4.3-y Delay in Finalizing the Proposed Sodium Reduction Targets (Following Cogswell’s Method of Predicting Sodium Reduc-
tion)
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Full 2318 1097 79938 203176 16048 43905 95986 247081 147764 264644
Compliance (33308- (7873 - (9689 - (1816- (42997 - (9689— (89023- (10295—
126569) 358814) 22104) 77516) 148673) 436330) 206507) 467215)
Medium 2867 548 39969 101588 8024 21953 47993 123541 73882 132322
Compliance (16654 — (3936 - (4845 (908- (21499- (4844 - (44511 - (5147-
63285) 179407) 11052) 38758) 74337) 218165) 103254) 233607)
Minimal 3213 202 5629 14307 1130 (682—- | 3092 (128- | 6759 17399 10406 18636
Compliance (2345- (555 - 1557) 5458) (3027 - (683— (6269 (725-
8912) 25268) 10469) 30726) 14542) 32900)

The estimates of CHD, stroke, and all-cause mortality were calculated based on 2 modeling studies and one randomized controlled trial (RCT) nested in Coxson et al.
CVD indicates cardiovascular disease; CHD, coronary heart disease; and FDA, Food and Drug Administration.

“The first modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis, and another meta-analysis
of RCTs evaluating the association between blood pressure reduction and CHD mortality change in hypertensive persons, to model the low estimate of CHD mortality.

tThe high estimates of CVD deaths and total deaths were derived from an RCT of sodium-reduction interventions in individuals with high-normal diastolic blood

pressure (TOHP).

$The second modeling study used the dose-response effect of salt reduction on systolic blood pressure summarized in a large meta-analysis, and then applied the
projected reduction in systolic blood pressure in the CHD Policy Model to model the low estimate of stroke mortality.
§The estimates of major CVD deaths were calculated as the sums of CHD and stroke deaths.

in order not to substantially change flavors, texture, shelf
life, and safety. For example, a previous randomized con-
trolled trial suggested that reducing the sodium content
of bread (the most important contributor to population
sodium intake in many countries, including the United
States and United Kingdom) modestly (<25%) in a short
time period did not lead to a detectable change in con-
sumers’ sense of flavor and liking of the product.® There
is also evidence suggesting that the judicious use of salt
substitutes (eg, potassium-enriched salt) does not sub-
stantially change the flavor or deter the consumption of
many foods.?® The proposed sodium-reduction targets
were intended to encourage reformulation and thereby
help Americans eat healthier diets with the same plea-
sure by 2031 as before and also meet the sodium intake
of <2300 mg/day recommended by the 2020 to 2025
Dietary Guidelines for Americans.

Two previous modeling studies suggested that full
achievement of the 10-year sodium targets would reduce
the prevalence of hypertension by 22%, prevent about
225000 to 900000 CVD events and over 250000 CVD
deaths, and save $20 to 50 billion in 10 years.33%* Qur
study addresses limitations in, and extends, those stud-
ies. First, both previous studies focused solely on CVD
outcomes, thus neglecting other causes (eg, kidney dis-
ease) and possibly understating the total health burden
related to sodium intake."" Second, one of the previous
studies merely evaluated the health benefits of reducing
the population sodium intake to the recommended level

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475

(2300 mg/day) rather than reducing the sodium content
of the food supply as per the guidance (which set targets
for many food categories).®* Additionally, those results
may not be indicative of the real-world setting because
they assumed that industry would fully comply with the
targets.5%2

To address these limitations, we estimated not only
CVD burden, but also total mortality and QALYs. We also
estimated the health losses caused by the FDA's delayed
implementation of its targets. Additionally we assessed
several different assumptions of the degree of compli-
ance with the voluntary targets by the food industry so
as to provide estimates of health losses and benefits
closer to the likely real-world outcomes. Furthermore,
in consideration of the final 2.5-year sodium-reduction
targets released by the FDA in October 2021, we also
estimated the health benefits for the coming 10 years if
the 2.5-year targets were implemented in October 2021
and achieved to varying extents by April 2024, with the
long-term targets finalized by April 2024 and achieved
by October 2031 (Finalized Targets). These findings are
particularly timely considering that the United States gov-
ernment has not announced a timetable for finalizing the
long-term guidance. Indeed, according to our estimation,
full industry compliance with the finalized 2.5-year targets
would only reduce population sodium intake to 2874 mg/
day (data not shown), far short of the recommended 2300
mg/day. Therefore, we recommend that the FDA finalize
its long-term targets before the April 2024 (end date of
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the 2.5-year targets) so that industry could align its prod-
ucts with them. In addition, FDA should adopt intermediate
targets, such as for the b- and 7.5-year points. The delay or
failure to finalize such incremental targets, and for indus-
try to meet those targets, by 2031 will lead to potentially
huge health losses.

The limitations of our study include: (1) compared with
previous studies utilizing the microsimulation model, our
method did not account for the dynamic characteristics of
the study population over the years (eg, aging, changes of
hypertension status, and body weight), which could modify
the blood pressure change in response to sodium reduc-
tion.®'793%3 For example, older people, Black, or hyperten-
sive individuals have greater reductions in blood pressure
than the average person given the same sodium reduc-
tion. That could result in an underestimate of the health
impact to some degree. (2) We estimated the health out-
comes using parameters based on the general population
instead of the estimates specific to race/ethnicity, hyper-
tension status, and age group. Thus, population hetero-
geneity was not accounted for. However, the parameters
that we used in evaluation equations were derived from
the former cycles of NHANES data including participants
within the similar age range (>30 or 35 years old)®*%;
thus, the distributions of race/ethnicity, hypertension sta-
tus, and age group were similar to our data source, as
were the population average estimates of health effects
in response to every unit change of sodium intake. (3)
In this study, we mapped the target food categories to
the NHANES 2009 to 2010 data first®* and then applied
the percentage of sodium-intake changes to participants
in the NHANES 2015 to 2016 cycle, assuming that the
sodium levels and the amount consumed of each appli-
cable food category remained unchanged between 2010
and 2016." This method is similar to a validated method
applied in a previous study, but the risk of overestimating
the reduction in population sodium intake in response to
FDA's targets cannot be excluded because of a possible
previous decline in the sodium content of some food cat-
egories in US supermarkets and restaurants.®*-%" (4) The
FDAs delay might lead to more health losses than we
projected due to the complexity of the health and market-
place reality. For example, we did not consider the CVD
benefits of lower sodium intake independent of the low-
ered BP for most of our estimates; the additional health
benefits of increased potassium intake resulting from the
use of potassium-enriched salt substitutes in reformula-
tions or new products®; or the increase in the CVD case
fatality rate because of the coincidence of FDA's delay in
finalizing the sodium targets with the coronavirus disease
2019 (COVID-19) pandemic.®®

Our study projected the total health losses because of
the FDA's delay in finalizing its voluntary sodium targets,
based on the assumption that voluntary reformulation
of prepackaged processed foods and foods consumed
away from home would reduce population sodium

806  April 2022
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intake.*®> However, we were aware that some have ques-
tioned whether the voluntary reformulation approach is
capable of reducing the population sodium intake to the
recommended level.5° Based on the initial success of the
UK'’s salt-reduction programme, the key to a successful
voluntary governmental programme lies with the compli-
ance of the food industry. That could be facilitated in the
United States by (1) government and public pressure on
companies; (2) a strictand transparent monitoring system
with annual reporting of the sodium content in packaged
and restaurant foods and regular surveys of 24-hour
urinary sodium excretion in a nationally representative
sample of the population; (3) mounting a well-funded
public education campaign to improve consumers’ under-
standing of the harm from excessive sodium intake and
encourage shoppers to switch to lower-sodium foods;
(4) providing technical guidance to small companies
to help them reduce sodium; and (5) publicly applaud-
ing major companies for their progress and criticizing
those failing to lower sodium.>'%26' (6) Participation of
the out-of-home sector (restaurants, cafeterias, etc) in
sodium reduction will be essential for accustoming con-
sumers to lower-sodium foods and would help establish
a level playing field throughout the food industry. (7) A
more effective voluntary programme could be achieved
if the FDA established intermediate goals, as suggested
above, between the current 2.5- and 10-year goals (eg,
at the 5- and 7.5-year points) to promote gradual reduc-
tions and to maintain government and industry interest in
sodium reduction.®" All of those actions might maximize
industry compliance with the guidance and lead to a sub-
stantial, gradual reduction in population sodium intake.
FDA should prepare to undertake further actions, such
as mandatory limits and front-of-pack labels on foods to
indicate excessive sodium content, if industry does not
respond adequately to the voluntary programme. At this
stage, however, the top priority should be to finalize and
implement further stepwise voluntary sodium guidelines
and reformulations considering the complexity of obtain-
ing new laws or regulations.®

Perspectives

The FDA proposed voluntary 2- and 10-year sodium-
reduction targets in 2016, but only finalized the short-
term targets (2.5-year) after a 4.3-year delay in October
2021; it has not yet finalized its more ambitious 10-year
targets. We projected that up to 446000 deaths might
be prevented in the coming 10 years, depending on
whether the long-term targets will be finalized by April
2024 and to what degree the sodium reduction targets
will be achieved. The net number of deaths because of
the FDA's 4.3-year delay in finalizing the sodium reduc-
tion targets might be as high as 265000 between 2017
and 2031. These findings indicate that the FDA's delay
in the past 4.3 years has imposed and will continue to

Hypertension. 2022;79:798-808. DOI: 10.1161/HYPERTENSIONAHA.121.18475
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impose a huge burden on population health. It would be
important for the FDA and all stakeholders to maximize
industry compliance with the short-term targets and
finalize and encourage industry to implement the long-
term targets as soon as possible.
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