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Abstract

Introduction: This study estimates the health, economic, and budgetary impact resulting from
graduated sodium reductions in the commercially produced food supply of the U.S., which are
consistent with draft U.S. Food and Drug Administration voluntary guidance and correspond to
Healthy People 2020 objectives and the 2015-2020 Dietary Guidelines for Americans.

Methods: Reduction in mean U.S. dietary sodium consumption to 2,300 mg/day was
implemented in a microsimulation model designed to evaluate prospective cardiovascular disease—
related policies in the U.S. population. The analysis was conducted in 2018-2020, and the
microsimulation model was constructed using various data sources from 1948 to 2018. Modeled
outcomes over 10 years included prevalence of systolic blood pressure 2140 mmHg; incident
myocardial infarction, stroke, cardiovascular disease events, and cardiovascular disease—related
mortality; averted medical costs by payer in 2017 U.S. dollars; and productivity.

Results: Reducing sodium consumption is expected to reduce the number of people with systolic
blood pressure 2140 mmHg by about 22% and prevent approximately 895.2 thousand
cardiovascular disease events (including 218.9 thousand myocardial infarctions and 284.5
thousand strokes) and 252.5 thousand cardiovascular disease-related deaths over 10 years in the
U.S. Savings from averted disease costs are expected to total almost $37 billion—most of which
would be attributed to Medicare ($18.4 billion) and private insurers ($13.4 billion)—and increased
productivity from reduced disease burden and premature mortality would account for another
$18.2 billion in gains.
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Conclusions: Systemic sodium reductions in the U.S. food supply can be expected to produce
substantial health and economic benefits over a 10-year period, particularly for Medicare and
private insurers.

INTRODUCTION

One third of U.S. adults have hypertension (using a diagnostic blood pressure [BP] threshold
of 2140/90 mmHg); among whom, around half do not have it controlled.12 Excess dietary
sodium consumption is known to contribute to developing and limiting the control of
hypertension and is potentially amenable to public health interventions.3 Therefore,
organizations including HHS,> American Heart Association,® and WHO? have called for
reductions in dietary sodium intake, but the estimates of the corresponding population health
benefits have varied.8-13

Mean daily sodium intake among U.S. adults currently exceeds 3,500 mg/day’*—well above
recommended levels.1>16 The solution is not as simple as withholding the salt shaker. More
than 70% of dietary sodium in the U.S. is estimated to come from salt added during
commercial processing and preparation of packaged and restaurant foods.” Sodium labeling
for packaged foods and awareness of reduction tactics have not been sufficient for most
adults attempting to lower intake.18 Therefore, with a stated goal of helping Americans
reduce their sodium consumption to 2,300 mg/day as recommended by Healthy People
2020 and the 2015-2020 Dietary Guidelines for Americans,1%16 the U.S. Food and Drug
Administration (FDA) published draft guidance for the food industry in 2016 to achieve a
10-year gradual and voluntary reduction of sodium in commercially packaged and prepared
foods.19:20

Voluntary sodium reduction policies have been effective at reducing sodium intake in other
countries, 2123 and epidemiologic data suggest concurrent health benefits.24-26 Several
modeling studies based on the U.S. population also predict considerable benefits from
lowering sodium consumption,®-12 but among those identified studies, only 1 provided
primary analyses consistent with the FDA draft guidance,® and none estimated how U.S.
population sodium reduction would reduce downstream medical costs for major payer
groups, specifically, Medicare, Medicaid, and private insurers. In addition, most of the
studies did not account for important age-, sex-, or race-based differences in sodium
consumption or sodium’s effect on BP. The objective of this study was to bridge these gaps
using microsimulation modeling to estimate the potential health effects and the associated
budgetary impacts of averted disease costs by major payer groups over a 10-year period if
mean sodium consumption among U.S. adults could be reduced to 2,300 mg/day.

METHODS

Model Design and Analytical Approach

Analyses were conducted in 2018-2020 using the HealthPartners Institute’s ModelHealth™:
Cardiovascular disease (CVD) microsimulation model, which incorporates data collected in
1948-2018. ModelHealth: CVD is an annual-cycle microsimulation model designed to
estimate the long-term incidence of CVD events and associated costs in a cross section of
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individuals representative of the U.S. population. Details of this model have been described
elsewhere, 2729 and a comprehensive description of modeled population and the model
structure are provided in Appendices A and B (available online).

In brief, risk equations that determine disease outcomes in the model were derived from the
Framingham Heart Study data.30:3 Event risk is based on a person’s age, sex, BMI, systolic
BP (SBP), cholesterol levels, smoking status, diabetes status, and CVD history. Disease
costs were estimated from the Medical Expenditure Panel Survey.32 Initial health insurance
status was derived from Current Population Survey data,33 and year-to-year transitions in
primary payer type were derived from Survey of Income and Program Participation data.3*
Productivity measures capture lost market and household productivity owing to CVD-related
premature death, absenteeism, and presenteeism (i.e., less productive at work owing to poor
health).35:36 All monetary measures are presented in 2017 U.S. dollars.

All analyses compared outcomes over a 10-year period for a simulated population exposed
to a national sodium reduction policy to the same population without exposure to this policy,
everything else held equal. The policy affects outcomes in the model by lowering SBP on
the basis of age, sex, race, and hypertension status, as detailed herein. Modeled and reported
health outcomes include prevalence of uncontrolled hypertension (SBP =140 mmHg) and
incident myocardial infarction (Ml), stroke, CVD events (MI, stroke, congestive heart failure
hospitalization, angina onset, and intermittent claudication onset), and CVD-related
mortality. Reported economic outcomes include averted medical costs by payer and
productivity gains. Food reformulation and other policy costs associated with achieving and
maintaining the voluntary FDA sodium targets were not included in this study because these
costs will not be borne by health insurance plans. Alternative parameter assumptions were
assessed with sensitivity analysis. Results are representative of and scaled to the U.S.
population aged =35 years on the basis of a simulated sample of 1 million people, including
those aged 25-34 years who age into the cross section over the 10-year period. Initial
demographic characteristics for the modeled population are presented in Appendix Table Al
(available online).

Policy Design and Effects

The draft FDA voluntary guidance provides targets to support a gradual reduction in sodium
in packaged and prepared foods over 2 and 10 years.1%:20 The modeled policy aligns with
this approach and achieves a population average sodium consumption of 2,300 mg/day
among adults aged =30 years over a 10-year period. One third of the reduction is achieved in
the first 2 years, and the remaining two-thirds reduction is achieved in the remaining 8 years.

Sodium consumption varies primarily by age and sex, and baseline estimates for current
mean daily sodium intake are based on U.S. dietary data from 2015 to 2016.14 A large meta-
analysis by Mozaffarian et al.,37 which found sodium’s effect on BP (i.e., sodium
sensitivity) to be a function of age, race, and hypertension status, was used as specified in
Appendix Table A2 (available online). The combined estimated effect of the draft FDA
voluntary guidance on sodium consumption and SBP for population groups is summarized
in Table 1 and detailed year-by-year in Appendix Tables A3 and A4 (available online).
Although policy effects were modeled for people aged =35 years, sodium reduction targets
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were calculated for those aged =30 years to align with how sodium consumption is reported
by age.14

Characterizing the variability in sodium sensitivity is a challenge,38 and previously
published models have incorporated different estimates of sodium sensitivity across
population subgroups.8-13 Therefore, additional analyses were conducted using alternative
estimates of sodium sensitivity among population subgroups (summary is provided in
Appendix Table A2, available online).8:10:39 |n addition, effects were assessed of
hypothetical scenarios in which (1) only the 2-year goals of the draft-proposed FDA
guidance are achieved, (2) the 10-year goals are achieved immediately, and (3) each person
reduces their sodium consumption to <2,300 mg/day.

RESULTS

The baseline mean daily sodium intake among all adults aged =30 years was 3,488 mg/day
—4,048 mg/day among men and 2,977 mg/day among women (Table 1). To achieve a mean
daily sodium intake of 2,300 mg/day in 10 years would require a 34.1% reduction in daily
sodium intake across all age and sex subgroups, resulting in an overall reduction of 1,380
mg/day and 1,015 mg/day among men and women, respectively.

A 10-year graduated reduction in dietary sodium, as proposed by the FDA, is projected to
reduce the number of Americans with SBP =140 mmHg by 6.9 million (22% reduction)
(Table 2) and the number of Americans with SBP 120-139 mmHg by 8.1 million (13%
reduction). This is as a result of a 2.4-mmHg (2%)-average reduction in SBP in the overall
population. Over 10 years, the reductions in sodium consumption are estimated to prevent
895.2 thousand CVD events (including 218.9 thousand Mls and 284.5 thousand strokes) and
252.5 thousand CVD-related deaths.

These health benefits correspond with sizable estimated reductions in medical costs from
averted disease—almost $36.9 billion across all payers in 10 years (Table 2). Medicare
benefits the most, with $18.4 billion in averted medical costs, followed by private insurers
with an estimated $13.4 billion reduction. The remaining $5.0 billion in averted medical
costs are distributed among the uninsured ($3.5 billion), Medicaid enrollees ($0.9 billion),
and individuals with other insurance coverage ($0.6 billion). The improved health outcomes
are also predicted to generate societal productivity gains of $18.2 billion over a 10-year
period through fewer lost work days and increases in workplace and household productivity
and earnings.

Achieving the goal outlined in the draft-proposed FDA guidance is estimated to have
differential health effects by age and sex over 10 years (Table 3) because of the inherent
differences that exist in sodium consumption and risk for developing CVD by age and sex
and sodium sensitivity by age.

If only the first 2 years of the dietary sodium goals (one third of the total target) are achieved
with no additional reduction in the following 8 years, approximately half of the benefits in

terms of prevented CVD events and averted disease costs can still be realized over a 10-year
period (Table 4). This is because 10 years is sufficient to reap meaningful indirect benefits of
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events that otherwise would have occurred downstream. About 50% more MlIs and strokes
would be prevented assuming that the sodium goals can be achieved immediately, rather
than gradually over 10 years. The estimated gains for getting everyone to a daily sodium
consumption level of 2,300 mg/day compared with the base case analysis are modest, with
only about 9% more Mls and 4% more strokes prevented.

When comparing sodium sensitivity assumptions using the estimates from Bibbins-Domingo
et al.1% (low bound), Coxson et al.8 and He et al.3? all provide results of generally similar
magnitude as the primary analysis (Table 4). However, the 10-year effects are lowest when
using the pooled sodium sensitivity estimates from He et al.,3® which assumed no elevation
in sensitivity due to age or race, and highest when using the values from Bibbins-Domingo
et al.1% (high bound), which assumed both age and race differences in sodium sensitivity.

DISCUSSION

The findings presented here suggest that meaningful health benefits and averted disease
costs, similar in scale to a nationwide adoption of team-based programs to manage
uncontrolled hypertension, 2849 could be achieved through a gradual reduction in dietary
sodium, such as through incremental modification of sodium found in the commercially
manufactured and prepared food supply. Moreover, the sensitivity analysis indicates that
even partial success in achieving these goals can still result in substantive health benefits for
individuals and budgetary benefits for major healthcare payers over a 10-year period.

This analysis is not a novel use of predictive modeling to estimate the health and economic
impacts of sodium reduction,8-13 but to the authors’ knowledge, this is the first to estimate
cost outcomes by healthcare payer. With full implementation of this sodium reduction
strategy, an estimated $36.9 billion would be saved in CVD-related healthcare spending over
a 10-year period. Medicare and private insurers would receive the greatest benefit—$18.4
billion and $13.4 billion, respectively—because of the total number of members they serve
and for Medicare, because of their members’ older age profile and greater risk for CVD
events. The potential savings reaped by Medicare with implementation of this strategy
would, on an annual basis, equate to the estimated savings Medicare achieved in 2016
through their national efforts to reduce hospital readmissions, which was largely driven by
their Hospital Readmissions Reduction Program.# Other payer groups would also receive
considerable benefit from these cost reductions, including the uninsured who would see a
$3.5 billion reduction in their spending—savings that may also benefit hospitals who serve
large numbers of uninsured patients and often remain uncompensated for the care they
provide.#2 Furthermore, an additional $18.2 billion in added productivity among U.S. adults
is projected over the 10-year period—which comes from people living longer, healthier, and
thereby more productive lives that benefit themselves and their employers (if employed)—
resulting in a total gain to the society of $55.1 billion with full implementation of this
strategy.

ModelHealth: CVD has been widely used to assess prevention policies in the U.S.27-29.40.43
and features targeting interventions on individual-level transitions in cardiometabolic risk
factors and disease events to predict long-term health and economic effects. The methods
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and assumptions in previous modeling analyses vary considerably, making direct
comparisons with the results of this study challenging. Dall et al.12 and Palar et al.11
predicted 3.3-11.1 million reduction in in the number of hypertension cases and $5.5-$18
billion savings in healthcare costs annually, respectively, for policy scenarios that achieved
about a 1,100 mg/day immediate reduction in the sodium consumption of the population.
Smith-Spangler et al.? used a Markov model to estimate lifetime impacts from about a 10%
reduction in sodium consumption among the current U.S. cohort aged 40-85 years, which
resulted in about half a million prevented Mls and strokes each and $32.1 billion
accumulated savings in medical costs. Assuming a 10-year—graduated reduction in sodium
similar to this study, Bibbins-Domingo et al.10 found averted total healthcare costs ranging
from $56.9 to $96.6 billion (compared with $36.9 billion in CVD-related costs in this study).
Part of this difference may be attributable to their assumption that sodium reductions were
equal across age and sex groups. Coxson et al.8 found that the smallest estimates of benefit
generally result from translating reductions in sodium to reductions in BP to reductions in
CVD risk, as done in this study.

The primary analysis of Pearson-Studdard et al.13 had a design and objective most similar to
this study. Their study used the same Mozaffarian et al.37 estimates for sodium sensitivity
and included a similar gradual sodium reduction scenario. However, notable differences
include that Pearson-Studdard et al.13 (1) started with a baseline median sodium intake of
3,110 mg/day (compared with a mean baseline of 3,488 mg/day in this study and about
3,400 mg/day as cited by the FDA9), which resulted in a net median reduction in sodium
consumption of 750 mg/day (compared with a mean reduction of 1,189 mg/day in this
study); (2) estimated outcomes for U.S. adults aged 30-84 years (compared with 35-100
years in this study); (3) assumed a 5-year lag in reduced sodium consumption affecting
health outcomes (compared with no lag assumed in this study); and (4) estimated outcomes
over a 20-year horizon (compared with this study’s 10-year horizon). In annualized terms,
compared with this study’s estimate of about 28,000 per year, Pearson-Studdard et al.13
estimated a stroke reduction of 9,000 per year, and they also estimated a reduction in C\VD
deaths of 1,750 per year compared with this study’s estimate of about 25,000 per year. Part
of this difference can be explained by Points 1-3, but the remainder would appear to be in
how each model’s risk equations translate reductions in BP to event risk reduction. Meta-
analysis indicates that a 1-mmHg increase in SBP may increase CVD mortality risk by
1.6%.%4 In 2016, there were about 841,000 deaths from CVD in the U.S.,%® and in this study,
an average reduction in SBP of 2.4 mmHg was estimated. These figures combined suggest a
3.8% expected reduction in CVVD deaths or about 32,000 per year in the U.S., which would
align more closely with estimates in this study.

Although the model equations that translate risk factors to disease events are not race/
ethnicity-specific, the risk factors themselves are race/ethnicity-specific and event
prevalence estimates validate reasonably well across demographic groups (Appendix Table
B31, available online). This study did not explicitly account for some potential confounders,
such as physical activity level, but results account for these factors at population average
levels. Only CVD-related effects of sodium reduction are accounted for; however, other
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health benefits could occur, including reductions in gastric cancer.%6 Dietary sodium intake
measured using dietary data is often lower than that measured using urinary excretion
methods, 4”49 which would result in conservative estimates for the health benefits realized
by achieving national sodium reduction goals. National clinical guidelines published in 2017
lowered the threshold for diagnosing and controlling hypertension.3? Applying this
definition would change the BP control estimates observed in this study, but it would have
no effect on the disease and cost outcomes which are determined based on changes in SBP.
In addition, policy effects were derived proportionally to overall sodium consumption in
each population subgroup but did not account for how specific foods with greater (or lesser)
sodium reductions suggested by FDA targets may be disproportionately consumed within
population groups (which could lead to policy effects that are not strictly proportional to
baseline sodium consumption). The effect estimates in this model are assumed to be similar
for sodium reduction above and below 2,300 mg/day and to differ by factors other than
hypertension status. However, direct evidence on the reduction in chronic disease risk for
intakes below 2,300 mg/day is limited, and the benefits and risks of sodium restriction below
the chronic disease risk reduction level (i.e., 2,300 mg for adults) are uncertain.3® Thus, if
chronic disease risk reduction is less when intake falls below 2,300 mg/day, the benefits may
be overstated.

The draft FDA voluntary guidance does not include discretionary salt added by the
consumer, and this analysis assumes that commercial food reformulations, applied broadly
across all food categories, are sufficient to meet the population goal of average total
population sodium consumption to 2,300 mg/day. If a few manufacturers choose to reduce
the sodium content of their foods or consumers offset commercial reductions in sodium by
salting their own food, the findings may overstate the policy’s effects. However, evidence
from other countries indicates that voluntary reductions can be effective in reducing
population sodium intake.23 In addition, RCTs indicate that consumers add back less sodium
than the amount removed when foods are reformulated,51:52 and evidence from the United
Kingdom indicates that a consumer awareness campaign conducted alongside the
reformulation of commercially produced foods to contain lower sodium levels coincides
with lower discretionary use of salt by consumers.53 If lower discretionary salt use were to
occur in the U.S., this study might understate the benefits. In addition, reformulation of
foods to reduce the sodium content can be achieved through substituting potassium chloride
for salt. The health effects of this substitution were not modeled, potentially understating the
benefits on BP.38

CONCLUSIONS

Much is yet to be seen regarding the cost, technological feasibility, and consumer behaviors
related to significant, albeit gradual, reductions in sodium contained in commercially
produced foods. Government actions should balance these considerations as much as they
can be known, but this analysis suggests that systemic sodium reductions in the U.S. food
supply could produce meaningful population health benefits and substantial economic value
for healthcare payers, particularly Medicare and private insurers.
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