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Abstract

Background and Aims: High sodium consumption has been associated with an in-
creased risk of gastric cancer. The mean daily sodium intake in the United States
substantially exceeds the national recommended amount. The low sodium-DASH diet
has been shown to decrease the risk of cardiovascular disease in the United States, but
its impact on gastric cancer has not been well studied. We therefore aimed to model
the impact and cost-effectiveness of the low sodium-DASH diet for gastric cancer
prevention in the U.S. population.

Methods: A Markov cohort state-transition model was developed to simulate the
impact of the low sodium-DASH diet on gastric cancer outcomes for the average
40-year-old in the United States compared to no intervention. Primary outcomes of in-
terest were gastric cancer incidence and incremental cost-effectiveness ratios (ICER).
Results: Our model found that compared to the no intervention cohort, the risk of gas-
tric cancer decreased by 24.8% for males and 21.2% for females on the low sodium-
DASH diet. 27 cases and 14 cases per 10,000 individuals were prevented for males
and females, respectively, in the intervention group. The ICER for the low sodium-
DASH diet strategy was $287,726 for males and $423,878 for females compared to
the no intervention strategy.

Conclusions: Using a Markov model of gastric cancer risk, we found that adherence
to a low sodium-DASH diet could decrease the risk of gastric cancer. This interven-
tion was not cost-effective due to the high cost of a low sodium-DASH accordant
diet, but significantly improved for high-risk populations and when the cost of the diet
became slightly more affordable.
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1 | INTRODUCTION 2 | METHODS

Gastric cancer is the fifth most commonly diagnosed can- 2.1 | Model design

cer and third leading cause of cancer death in the world. In
the United States, there are an estimated 27,500 new cases
annually and 11,000 deaths.! H. pylori (Hp) is a well-estab-
lished risk factor for gastric cancer that is thought to initiate
the carcinogenesis cascade. While Hp infection affects up to
50% of the world, only about 1% of the population develops
gastric cancer.? Other risk factors that may create a suscep-
tible environment for carcinogenesis have not been as well
characterized.

Significant geographic variations in the incidence of
gastric cancer suggest that environmental factors, including
diet, affect cancer risk. High salt consumption, in particu-
lar, has been associated with an increased risk of gastric
cancer in prospective cohort studies.®* In one study, higher
median urine salt excretion level was correlated with an
increased mortality rate of stomach cancer.’ In vitro and in
vivo studies have also described mechanisms by which salt
may influence gastric carcinogenesis. Cultivation of Hp in
high-salt conditions leads to alterations in the proteome,
including increased expression of CagA, a known onco-
genic protein.(”7 Salt also increases mucosal inflammation
and Hp colonization in murine models.? In 2016, the World
Cancer Research Fund concluded that greater consumption
of salt preserved foods is probably a cause of gastric can-
cer based on the assessment of epidemiologic and biologic
data.’

In the United States, the average daily sodium in-
take is 3410 mg, which substantially exceeds the daily
2300 mg recommended by national dietary guidelines.10
Interventions to reduce dietary sodium intake could mod-
ify the risk of gastric cancer, which continues to have a
poor 5-year survival rate of 31% in the United States.'
High salt consumption has also been shown to increase
the risk of cardiovascular disease.'"'> One study exam-
ining national dietary habits and disease risk found that
excessive sodium intake was associated with the high-
est proportion of cardiometabolic deaths in the United
States.'® The low sodium-DASH diet has been shown to
decrease daily sodium intake and to lower systolic blood
pressure in the U.S. population and has been well stud-
ied.'*!> Several models have also evaluated the cost-ef-
fectiveness of population-wide reductions in dietary salt
on cardiovascular disease.'®"'® The impact of dietary salt
reduction has not been well-assessed on gastric cancer
outcomes, which is more difficult to assess in a clinical
trial given the lower incidence of gastric cancer and lon-
ger progression time.

In this study, we aimed to model the impact and cost-ef-
fectiveness of the low sodium-DASH diet on gastric cancer
incidence and mortality in the U.S. population.

We developed a state-transition (Markov) cohort-level model
using TreeAge Pro (TreeAge 2020) to estimate the impact of
a low sodium-DASH diet on gastric cancer outcomes. The
model was calibrated such that it reproduced U.S. rates of
gastric cancer. The model cohort started at age 40 and cycled
annually until age 100 or death. After initial analyses, we
evaluated our model inputs by performing sensitivity analy-
ses varying the cost and utility of low sodium-DASH diet
and gastric cancer, diet adherence rates, and risk of gastric
cancer. Given this was a mathematical model, institutional
review board approval was determined to not be necessary.

2.2 | Management strategies

The intervention strategy was based on the low sodium-
DASH diet used by the DASH-sodium collaborative research
group in prior cardiovascular research studies.'* The health
states in our model included healthy, gastric cancer diagno-
sis, death from gastric cancer, and death due to all-cause mor-
tality (Figure 1).

In the natural history (no intervention) model, patients
were distributed into tertiles based on the mean daily so-
dium intake of the U.S. population. Subjects began the
model in the healthy state and could progress to gastric
cancer; patients could either die from gastric cancer or all-
cause mortality. In the intervention cohort, subjects were
distributed into tertiles based on expected decrease in daily
sodium intake while on the low sodium-DASH diet. For
the base-case analysis, we assumed 100% adherence and
subjects remained on this diet until age 100 or death. Risks
of gastric cancer and all-cause mortality were also applied
to the intervention group.

2.3 | Outcomes

Lifetime gastric cancer incidence and incremental cost-
effectiveness ratios (ICER) were the primary outcomes
of interest. Cancer mortality rate and quality-adjusted life
years (QALY) were also determined. A willingness to pay
(WTP) threshold of $100,000/QALY was used to deter-
mine cost-effectiveness.

2.4 | Model inputs

Model parameters and ranges used in sensitivity analyses
are summarized in Table 1. Annual probabilities of gastric
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FIGURE 1
intervention strategies

Model schematic for no intervention and dietary

cancer incidence and mortality were estimated based on pub-
lished literature on 10-year-incidence and 5-year survival
rates of gastric cancer for 40-year-olds in the United States."
All-cause mortality rates were determined by CDC life ta-
bles. Tertiles of daily sodium intake were derived from na-
tional estimates of the dietary intake of the U.S. population.19
The risk of gastric cancer based on salt intake was derived
from published literature (Table 1).3 9

2.5 | Costs

We assessed costs from a third-party payer perspective and
discounted them at 3% per year. The model included gastric
cancer treatment costs that varied with age and were divided

into first year, continuing care, and final year of death. The
model also included estimated costs of diets that were most
accordant, intermediate accordant, and least accordant with
the low sodium-DASH diet based on prior literature. Cost
estimates from prior years were converted to 2020 U.S. dol-
lars using the Consumer Price Index (U.S. Bureau of Labor
Statistics).

2.6 | Utilities

Quality of life utility values relating to healthy and gastric
cancer states were incorporated in our model. Utility decre-
ment due a low sodium-DASH diet was assumed to be 0.99
for the first year of diet. Quality adjusted life years were dis-
counted at an annual rate of 3%.

2.7 | Sensitivity analysis

One-way deterministic sensitivity analyses were conducted
by varying parameters across the ranges specified in Table 1.
In addition, a probabilistic sensitivity analysis (PSA) was
performed to address parameter uncertainty. PSAs were
performed by varying all inputs according to the distribu-
tions in Table 1 using Monte Carlo simulations with 100,000
reiterations.

3 | RESULTS

In the natural history (no intervention) cohort, the lifetime
probability of gastric cancer for males and females at or older
than 40 years of age with no intervention was 1.09% and
0.66%, respectively, which was calibrated to reflect rates of
gastric cancer incidence in published literature for an average
40-year-old in the United States. In the model, gastric cancer
was the cause of mortality in 0.97% of males and 0.59% of
females of the overall population. QALY associated with
the base-case were 22.1 for males and 23.4 for females.
Unadjusted life-years or survival with no intervention were
38.5 for males and 42.4 for females.

In the intervention cohort, the lifetime probability of
gastric cancer for males and females on the intervention
diet were 0.82% and 0.52%, respectively, which was de-
creased compared to the natural history cohort (Table 2).
Gastric cancer was the cause of mortality in 0.73% for
males and 0.46% for females. QALYs associated with base
case were 22.1 for males and 23.4 for females. Unadjusted
life-years with intervention were 38.5 for males and 42.5
for females.

Compared to the natural history cohort, the risk of gas-
tric cancer decreased by 24.8% for males and by 21.2% for
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TABLE 2 Base-case model outputs

Base-case  Base-case

males females
Initial lifetime probability of GC (%) 1.09 0.66
Post-intervention probability of GC (%) 0.82 0.52
Post-intervention risk reduction (%) 24.8 21.2
Cases prevented per 10,000 individuals 27 14
Initial lifetime GC mortality rate (%) 0.97 0.59
Post-intervention GC mortality (%) 0.73 0.46
Deaths prevented per 10,000 24 13

individuals

ICER ($/QALY) 287,726 423,878

Abbreviations: GC, gastric cancer; ICER, incremental cost-effectiveness ratio;
QALY, quality-adjusted life year.

females in the intervention cohort (Table 2). About 27 gas-
tric cancer cases and 14 cases per 10,000 individuals were
prevented for males and females, respectively, on the low
sodium-DASH diet. In addition, 24 deaths for males and 13
deaths for females from gastric cancer were prevented per
10,000 individuals. When compared to the no intervention
strategy, the ICER for the low sodium-DASH diet strategy
was $287,726 for males and $423,878 for females.

One-way deterministic sensitivity analyses are presented
in Figure 2. Results were most sensitive to the cost of diet for
both males and females. As the annual cost of the low sodi-
um-DASH accordant diet decreased, the ICER approached
the WTP threshold. Cost-effectiveness acceptability curves
were used to present the results of the PSA and to determine
the probability of any strategy being cost effective at a given
WTP (Figure 3). For males, the intervention was cost-effec-
tive at a WTP threshold of $100,000/QALY in 39.1% of the
iterations, while for females, it was cost-effective in 37.9% of
the iterations. When the annual cost of the low sodium-DASH
accordant diet decreased from $3299.60 to $3041.94 for
males or from $2419.95 to $2182.73 for females, the strategy
became cost-effective at the WTP threshold. The interven-
tion also became cost-effective for populations with a higher
probability of gastric cancer than the base-case, at an annual
probability of gastric cancer of 0.051% for males or 0.037%
for females.

4 | DISCUSSION

An unhealthy diet is an important cause of mortality in the
United States. The low sodium-DASH diet has been shown
to decrease daily sodium intake and be cost-effective through
its impact on cardiovascular outcomes.''® The impact of
dietary salt reduction has not been well-assessed on gas-
tric cancer outcomes in the U.S. population. Gastric cancer

outcomes remain poor in the United States, as it is often di-
agnosed in advanced stages and there is no curative therapy
for unresectable disease.! Assessing the impact of modifiable
risk factors, such as diet, on gastric cancer is important for
developing preventative strategies.

Based on the results of this study, we found that adherence
to a low sodium diet resulted in a lower incidence of gastric
cancer cases in both males and females. There was a 24.8%
decrease in gastric cancer risk for males and a 21.2% decrease
for females in the intervention cohort compared to the natural
history cohort. There was a 24.7% reduction in lifetime risk
of dying from gastric cancer for males and 22.0% reduction
for females.

Given the higher cost of a low sodium diet over a life-
time, this strategy exceeded a willingness to pay threshold of
$100,000/QALY. However, there were several variables that
modified the cost-effectiveness of the intervention strategy
on sensitivity analyses. The low salt-DASH was cost-effec-
tive for high-risk populations who have an increased lifetime
gastric cancer risk compared to the average 40-year-old in
the United States. Based on our sensitivity analysis, the low
sodium-DASH diet would be cost-effective for those with a
lifetime risk of gastric cancer of 2.6% or higher for males
or 2.1% or higher for females, which is approximately two
or three times the baseline gastric cancer risk in the United
States. The lifetime risk of being diagnosed with cancer for
Asian/Pacific Islanders in the United States is reported to be
2.03% for males and 1.33% for females.' In addition, mean
sodium intake in East Asian countries, such as Japan and
South Korea, is estimated to be 5000 mg/day, much higher
than 3440 mg/day in the United States. Asian-Americans
also have a higher mean sodium consumption compared
to the average U.S. daily intake (3850 mg vs. 3410 mg).19
Asian-Americans also have the lowest proportion of individ-
uals adherent with the recommended amount of daily sodium
(2300 mg) compared to other racial groups in the United
States.”® For Asian-Americans or Asian immigrants in the
United States, in particular, the low sodium-DASH diet may
be cost-effective given their increased risk of gastric cancer
and higher mean sodium intake.

Our sensitivity analysis also showed that when the cost of
the intervention diet approached the costs of the less adherent
diet, the intervention strategy was cost-effective in reducing
gastric cancer incidence. The cost of a low sodium-DASH
accordant would only need to be $21.50/month lower in order
to meet the willingness to pay threshold of $100,000/QALY.
The DASH accordant diet may be more expensive for several
reasons. U.S. agricultural policies have historically focused
on facilitating the production and marketing of highly pro-
cessed food products and so less healthful foods have become
cheaper and more widely available.* In addition, the supply
of fruits and vegetables in the United States is lower than the
amount necessary to fulfill the daily servings recommended
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FIGURE 2 A, Tornado diagram of one-way sensitivity analysis results for males. B, Tornado diagram of one-way sensitivity analysis results
for females
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by the DASH diet, which may raise prices.zs’26 Public health
and population-based interventions to lower costs of opti-
mal diets would help to decrease overall healthcare costs.
Encouraging industry participation or taxation on high-so-
dium foods are possible methods to improve access to low so-
dium diets. The National Salt Reduction Initiative, led by the
New York City Department of Health and Mental Hygiene,
was one of the first efforts in the United States in 2009 to
lower sodium intake through collaboration with food manu-
facturers and retailers.”” About a quarter of the food catego-
ries met the 3-year reduction targets through this voluntary
program, and the initiative showed that sodium reductions in
the regular food supply were feasible and could help to im-
prove general public access to low sodium dietary content.

Individuals can lower their dietary sodium intake through
various methods. It is important to minimize using salt while
cooking or adding salt to prepared food. Processed foods
should be substituted with whole foods when possible. Since
more than 75% of dietary sodium comes from packaged
and restaurant food, it is necessary to intentionally identify
low-sodium or sodium-free options at grocery stores and
restaurants.”’ Processed meats and bread and bakery prod-
ucts have been reported to be the two highest contributors to
sodium intake,”®? and so particular attention should be paid
to these food groups.

Our analysis did not incorporate cost-savings associated
with hypertension, myocardial infarctions, strokes, or kidney
disease, which are much more prevalent in the U.S. popu-
lation than gastric cancer, but was beyond the scope of this
analysis.“’lz’30 This would make low sodium dietary inter-
ventions even more cost-effective as disease burden decreases
and associated healthcare costs are prevented. Furthermore,
most prior models evaluating the impact of a low sodium diet
on cardiovascular outcomes did not incorporate costs of spe-
cific diets or adherence rates as in our model.'®!”

There are several limitations to our study. Model data
sources came from multiple sources and not from single
cohorts. While we used data specific to the U.S. population
for estimating gastric cancer incidence and mortality, diet
costs, and cancer costs, we used pooled data to determine
the risk of gastric cancer based on salt intake. We also as-
sumed 100% adherence to diet in our base-case analysis
and so patients remained within their range of dietary salt
intake for their lifetime. In an additional analysis, we de-
creased the adherence to the low salt diet from 100% to be-
tween 30% and 90%. There was an 8.3% to 22.8% reduction
in risk of gastric cancer for males and 7.7% to 19.4% for
females, which is lower than our base case risk reduction
of 24.8% and 21.2% for males and females respectively.
Adherence to a low sodium diet impacts the magnitude of
gastric cancer risk reduction.

In conclusion, using a Markov model of gastric cancer
incidence, we found that adherence to a low salt-DASH
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diet substantially reduces the risk of gastric cancer. While
this was not cost-effective due to the higher cost of a low
sodium-DASH diet, the cost-effectiveness improved for high-
risk populations and when costs of the diet became slightly
more affordable. Clinical studies to affirm some of our model
assumptions are needed, and public health measures to re-
duce the cost of healthy foods lower in sodium content are
warranted.
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