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Abstract

Introduction—A diet high in fruits and vegetables (FV) is associated with reduced risk of 

chronic disease. One strategy to incentivize FV consumption among low-income households is to 

make them more affordable through the Supplemental Nutrition Assistance Program (SNAP). This 

study aims to identify the cost effectiveness of subsidizing FV purchases among the one in seven 

Americans who participate in SNAP.

Methods—A cost-effectiveness analysis was conducted from a societal perspective to estimate 

lifetime costs and health gains associated with subsidizing FV purchases. A stochastic 

microsimulation model of obesity, Type 2 diabetes, myocardial infarction, and stroke in the 2015 

U.S. population was used. Model parameters were based on nationally representative SNAP 

participation and dietary consumption data from the National Health and Nutrition Examination 

Survey (2003–2012), and data from a randomized trial of FV subsidies among SNAP users.

Results—Despite cycling of participants in and out of SNAP, expanding a FV subsidy 

nationwide through SNAP would be expected to reduce incidence of Type 2 diabetes by 1.7% 
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(95% CI=1.2, 2.2), myocardial infarction by 1.4% (95% CI=0.9, 1.9), stroke by 1.2% (95% 

CI=0.8, 1.6), and obesity by 0.2% (95% CI=0.1, 0.3), and be cost saving from a societal 

perspective. The saved costs would be largely attributable to long-term reductions in Type 2 

diabetes and cardiovascular diseases.

Conclusions—The model suggests nationwide SNAP FV subsidies would reduce chronic 

disease morbidity, mortality, and costs over long time horizons that are unlikely to be observed in 

short-term community-based trials.

Introduction

The U.S. Federal government's Healthy People 2020 objectives include increasing fruit and 

vegetable (FV) consumption by at least 50% among all Americans.1 Although a diet high in 

FVs is associated with reduced risk of chronic diseases,2 adults in the U.S., particularly 

those in low-income households, consume far less than the recommended quantity of FVs—

likely contributing to socioeconomic disparities in chronic disease.3

One strategy to incentivize FV consumption among low-income households is to make them 

more affordable to purchase through the Supplemental Nutrition Assistance Program 

(SNAP) (formerly the Food Stamp Program), the country's largest nutrition assistance 

program with approximately 46 million enrolled low-income Americans.4 The Healthy 

Incentive Pilot (HIP) study recently randomized SNAP-participating households in Hamden 

County, Massachusetts to either receive standard SNAP benefits (a monthly deposit, 

averaging approximately $4 per person per day) or standard SNAP benefits plus an 

additional incentive for FV purchases.5 In the incentive arm, for every $1 of SNAP benefits 

spent on approved FVs, participants received a 30-cent additional benefit. Approved FVs 

included fresh, canned, frozen, or dried FVs without added sugars, fats, oils or salt, 

excluding white potatoes and 100% fruit juices. The program increased daily consumption 

of targeted FVs by 0.24 cup equivalents per person per day, an approximately 26% increase 

from pre-incentive consumption, while participating in the program.6,7

Given the financial cost of targeted FV subsidy to consumers,8 a key question is whether the 

long-term health and healthcare cost savings potentially resulting from increasing FV 

consumption might offset the cost of incentives. Prior work suggests that subsidizing FV 

purchases may be cost effective, assuming increased FV intake would be sustained for a 

lifetime.9 This prior work focuses on average quality-adjusted life years (QALYs) gained 

from reducing all-cause mortality, and not the differential QALYs and costs of specific 

diseases.9 Several questions remain unanswered, including whether the targeted subsidy 

would remain cost effective if FV intake increases only occurred during the period of SNAP 

enrollment, how differences between the national population and the SNAP-participating 

population in food consumption patterns and chronic disease risks may critically affect costs 

and effectiveness, and how complex patterns of substitution between food groups could alter 

the long-term effectiveness of the program in reducing cardiovascular diseases and obesity. 

In addition, participants in the HIP trial significantly reduced their refined grain intake as 

they increased FV intake, which may have other secondary health and healthcare cost 

benefits.
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This study sought to identify the circumstances under which expanding a FV subsidy in 

SNAP nationwide would be cost effective from a societal perspective, particularly given 

observed SNAP participation rates and durations in the country, food consumption patterns 

among SNAP users, and differences in diseases risks and costs within the SNAP population 

as compared with the general U.S. population.

Methods

A model of four health outcomes significantly associated with FV intake was constructed 

using data from a recent comprehensive meta-analysis2: obesity, Type 2 diabetes, myocardial 

infarction (MI), and stroke. This model incorporated detailed SNAP participation rates and 

durations, as well as food prices and dietary consumption data for a representative U.S. 

population (Figure 1). The model structure was based on a previously published 

microsimulation model,10,11 which simulates individuals rather than aggregate population 

averages (i.e., a Markov cohort model), because microsimulation allows us to account for 

complex co-variations in key traits that may critically impact the cost effectiveness of a FV 

subsidy program. Table 1 summarizes the key model parameters and data sources, further 

detailed in the Appendix.

Modeling Framework

A nationally representative sample of 10,000 Americans aged 0–85 years was simulated, 

starting in 2015, to estimate the impact of a FV subsidy on costs and QALYs over their 

remaining life courses, as recommended by current cost-effectiveness analysis 

guidelines.12-14 Based on the National Health and Nutrition Examination Survey 

([NHANES], 2003–2012, N=34,294),15 the simulated individuals were stratified by SNAP 

participation status (based on demographics and income eligibility, federal poverty level 

<130%; Appendix Table 3B),16,17 age (0–9, 10–19, 20–39, 40–59, 60–85 years), sex, race/

ethnicity (NHANES categories of non-Hispanic white, non-Hispanic black, Mexican-

American, or other), and income (relative to the federal poverty level, adjusted for household 

size).

Health-related risk factors for the four diet-related diseases of interest (obesity, Type 2 

diabetes, MI, and stroke) were assigned to each simulated individual according to NHANES 

(Table 1, Figure 1, Appendix Tables S4–S14, and Text 1) and daily food intake in each U.S. 

Department of Agriculture food category per 24-hour dietary recalls adjusted for within-

person variations in consumption to estimate usual daily intake.15,18 Risk factors were 

updated annually to reflect age and time trends, as well as changes in risk factors including 

dietary consumption patterns accounting for SNAP participation status. Survey sample 

weights were used to correct for differential sampling and non-response in the NHANES 

survey.19

Heath Benefit Measures

The risk of each of the four major FV-related outcomes was estimated for each individual, 

before versus after a 30% SNAP subsidy on approved FV purchases using HIP rules.20 

Disease incidence was estimated based on previously validated risk equations incorporating 
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individual risk factors (Appendix Text 1–2; Appendix Tables 5–14).21–29 Deaths attributable 

to these risk factors and other causes were taken into account as a function of age and 

sex.25,26 To ensure face validity, Type 2 diabetes incidence rates were compared to Center 

for Disease Control and Prevention estimates17; and MI and stroke incidence rates were 

compared to estimates from the Atherosclerosis Risk in Communities study, the Greater 

Cincinnati/Northern Kentucky Stroke Study, and independent cohort studies from National 

Heart, Lung, and Blood Institute.23,30,31

Because the HIP Trial reported an increase of 26.2% in FV consumption in the incentive 

arm, a base case was simulated in which this percentage increase in FV consumption was 

adopted by current SNAP participants given a 30% FV price subsidy (Appendix Table 3C), 

with the subsidy amount limited to $60 per person per month. Because HIP also reported 

significantly lower refined grain consumption (8.8%) among HIP subsidy participants, this 

change in refined grain intake and resulting change in weight were incorporated into the 

base case. In addition to computing total calorie changes and associated changes in body 

weight (using NIH body weight models),27,29 published meta-analytic risk reduction 

estimates were used for the reduction in Type 2 diabetes, MI, and stroke associated with 

reduced BMI and with increases in FV net of BMI changes, to compute the change in 

morbidity and mortality anticipated from the subsidy (Appendix Tables 2A–2D).2,32–35

Costs and Utilities

Following current cost-effectiveness guidelines,13,14 costs and QALY estimates were 

integrated over the life course for all simulated individuals from a societal perspective. Costs 

associated with the incentive program included the subsidy amount and, in the base case, an 

estimated 30% overhead expenditure rate,36 incurred for the years of participation, which 

was varied in sensitivity analyses. Food price data were obtained from the U.S. Department 

of Agriculture Quarterly Food-at-Home Price Database linked to NHANES (Appendix Table 

3A).37 Annual disease-specific healthcare costs and the disutility of disease states to 

calculate QALYs were based on large-scale survey data (Appendix Table 4).38,39 Costs were 

expressed in 2015 U.S. dollars using the Consumer Price Index,40 and QALYs were 

discounted at a 3% annual discount rate.

Sensitivity and Uncertainty Analyses

First, the percentage of the U.S. population enrolled in SNAP was varied, as a new incentive 

may impact enrollment, or SNAP participation may be currently inflated by the recent 

economic recession. In the base case, the 2014 estimate was used in which 14.6% of the 

U.S. population was enrolled in SNAP.41 The participation rate was varied from 5% to 25%, 

the lowest and highest rates of participation over the last 3 decades, with participation within 

each demographic group proportional to the rate of participation during those prior years.

In the base case, both single-spell (people with <2 years of SNAP participation, with one 

episode in their life) and multi-spell SNAP participants (people frequently on and off SNAP) 

were included. In a second sensitivity analysis, the length of multi-spell participation 

durations was adjusted from the current typical spell length of 96 months to a spell length 
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varying from 48 months to 160 months (Appendix Table 3B), which spanned the durations 

observed in available data.16

Third, different levels of FV subsidy were considered to examine what levels of subsidy 

would be most cost effective. The incentive percentages SNAP participants receive from 

purchasing targeted FVs were varied from 10% to 30%, assuming proportionate responses to 

the HIP trial result. In addition, the effects of habit formation and maintaining higher FV 

consumption without a subsidy were assessed by simulating half the amount of FV increase 

observed during participation among individuals with a prior history of SNAP participation.

Fourth, lung cancer was included as one of the health outcomes in the model, given meta-

analytic data indicating that increased FV intake is associated with significantly lower lung 

cancer risk.2 It was omitted from the base case because the biological mechanism for the 

relationship was uninformed.

Fifth, potential changes in consumption of non-targeted FVs, those that do not qualify for 

the incentive, were simulated.6 A portion of the HIP intervention group consumed 

significantly more 100% fruit juice than non-participants, potentially due to confusion. This 

increase in 100% fruit juice was included to account for its caloric effects.

Finally, program overhead costs were varied from as low as 20% to as high as 50%, 

compared with the base case of 30%.

All analyses were performed in R, version 3.2.1. In each scenario, the model was re-run 

10,000 times while repeated Monte Carlo sampling from the probability distributions of all 

input parameters to capture uncertainties in the estimates, generating 95% CIs around all 

outcomes as per International Society For Pharmacoeconomics and Outcomes Research 

guidelines.42 The Appendix details all input data, equations, and complete technical 

details,43 along with a link to program code for replication.

Results

If there were no change to current SNAP participation and food consumption profiles, the 

model estimated that the U.S. population aged 18–85 years would be expected to experience 

annual incidence rates of approximately 70.0 Type 2 diabetes cases (95% CI=60.2, 79.8), 

40.0 new MIs (95% CI=39.8, 40.2), and 34.3 strokes (95% CI=34.0, 34.5) per 10,000 

people. Consistent with the model, independent Centers for Disease Control and Prevention 

and National Heart, Lung, and Blood Institute data estimated a current incidence of 69.0 

new Type 2 diabetes cases, 40.0 new MIs, and 34.5 new strokes per 10,000 people.44–47 

Further age- and sex-specific validation is given in Appendix Figures 1–2.

If a 30% subsidy of FV purchases produced the same increase in FV consumption as found 

in the HIP trial (a 26.2% increase) and resulted in the same decrease in refined grain 

consumption (an 8.8% decrease), Type 2 diabetes, MI, and stroke incidence would be 

expected to decline substantially due to the impact of increasing FVs. Relatively smaller 

declines in obesity would be expected, given the relatively small impact of the subsidy on 

overall caloric intake (Figure 2).32 On average, Type 2 diabetes incidence would be expected 
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to decrease by 10.3% (95% CI=9.4, 11.2) among SNAP participants; this decline would be 

expected to translate into a 1.7% (95% CI=1.2, 2.2) decline among the overall U.S. 

population, assuming no positive spillover effects from SNAP participant behavior to non-

participant behavior. MI and stroke incidence would be expected to decline by 8.5% (95% 

CI=7.2, 9.8) and 7.4% (95% CI=6.3, 8.5), respectively, among SNAP participants, which 

would be 1.4% (95% CI=0.9, 1.9) and 1.2% (95% CI=0.8, 1.6) for the overall U.S. 

population. By contrast, obesity incidence would not be expected to decline substantially; 

the incidence would be expected to decline by 1.3% (95% CI=0.7, 1.9) among SNAP 

participants—a reduction of 0.2% (95% CI=0.1, 0.3) in the U.S. population (Appendix Table 

1).

Although individuals in most demographic cohorts would be expected to benefit from a 30% 

subsidy of FV purchases, the projected benefits varied by demographic group (Figure 2). 

The largest relative declines in incidence of Type 2 diabetes, MI, and stroke were observed 

among blacks, as were the largest declines in BMI; these were due to high SNAP 

participation rates, low baseline FV consumption, and high baseline refined grain 

consumption among blacks, which produced the largest absolute disease reductions for this 

group.

The intervention produced an estimated gain of 0.52 (95% CI=0.51, 0.53) QALYs per SNAP 

user, which amounts to 0.24 (95% CI=0.23, 0.25) QALYs per capita for the general U.S. 

population over the life course.

The largest expected cost-savings from future averted disease was from averted Type 2 

diabetes, followed by averted MI and stroke. The dollars saved from averted Type 2 diabetes 

amounted to $952 (95% CI=941, 963) per SNAP user over a simulated life course. The cost 

of the intervention (incentives and overhead costs) was $1,324 (95% CI=1,319, 1,330) per 

SNAP user, which amounted to $202 (95% CI=199, 204) per capita for the general U.S. 

population, approximately $857 million dollars total annually. From a societal perspective, 

the intervention was cost saving at a net savings of $824 (95% CI=821, 827) per capita, and 

had an incremental cost-effectiveness ratio (ICER) of $3,432 (95% CI=2,837, 4,027) per 

QALY gained (Table 2 and Appendix Figure 4). The net cost savings was produced by 

summing overall disease costs with the intervention minus costs without the intervention, 

including all disease treatment, subsidy, and overhead costs, discounted at a 3% annual rate.

The healthcare cost reductions and intervention costs accumulated most among blacks, who 

experienced an estimated healthcare cost reduction of $3,829 (95% CI=3,672, 3,985) given a 

FV subsidy cost of $1,367 (95% CI=1,359, 1,675) per SNAP user (Appendix Figure 5).

None of the sensitivity analyses substantially changed the fundamental finding of cost 

savings from the FV subsidy (Appendix Figure 6).

When SNAP enrollment rates were varied from 5% to 25%, the lowest and highest rates of 

participation over the last 3 decades, the FV subsidy was cost saving with an ICER varying 

from $3,033 saved (95% CI=2,441, 3,625) to $3,614 saved (95% CI=3,128, 4,100) per 

QALY gained (Table 2).
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Next, the effects of lower SNAP participation duration and subsidy levels were evaluated. 

Participants having completed the spell length of 48 months would be expected to 

experience more QALYs at less cost, with an ICER of $2,804 (95% CI=2,382, 3,225) saved 

per QALY gained. Decreasing subsidy levels to 10% would still be cost saving at an ICER 

of $3,295 (95% CI=2,707, 3,883) saved per QALY gained.

Habit formation and maintaining higher FV consumption without a subsidy (half the amount 

of FV increase observed during participation) among individuals with a prior history of 

SNAP participation resulted in significantly higher QALYs gained, 0.63 (95% CI=0.62, 

0.64) with an ICER of $3,005 (95% CI=2,597, 3,412).

In addition to the four primary health outcomes, if lung cancer is included as one of the 

health outcomes, a FV subsidy would be expected to produce 0.24 (95% CI=0.22-0.26) 

QALYs gained per person, an ICER of $3,898 (95% CI=3,364, 4,431) saved per QALY 

gained. Moreover, when increases in 100% fruit juice consumption from a FV subsidy were 

incorporated, as per the HIP trial, participants would not be expected to receive benefits in 

obesity due to higher caloric intake from 100% fruit juice (Appendix Figure 6). However, 

the overall intervention was still cost saving from other averted diseases with an ICER of 

$3,395 (95% CI=2,981, 3,808) saved per QALY gained.

Lastly, varying overhead costs of implementation from 20% to 50% of incentives paid to 

participants did not substantially change the results. The FV subsidy was expected to be cost 

saving within the simulated range of the overhead costs with the smallest savings of $3,208 

(95% CI=2,655, 3,760) per QALY gained (Table 2).

Discussion

A 30% subsidy on SNAP FV purchases would likely have large, meaningful public health 

benefits. Substantial reductions in morbidity and mortality would most likely be observed 

from reduced incidences of three long-term chronic diseases (Type 2 diabetes, MI, and 

stroke), consistent with findings from prior meta-analytic studies.48–50 SNAP 

demonstrations typically focus on short-term outcomes such as net caloric intake, and hence 

may fail to capture the much larger and meaningful long-term chronic disease prevention 

benefits of increased FV consumption. These benefits would likely persist even if the 

incentive is imperfectly implemented, as in the HIP trial where participants were confused 

about approved FVs included in the incentive.

These findings are particularly relevant for federal policymakers because the incentive 

would be cost saving from a societal perspective. This study accounted for the fact that 

increased FV intake may only occur during periods of SNAP participation among people 

who cycle in and out of SNAP. Accounting for complex variations in SNAP participation 

among different demographic groups and correlated risk factors among SNAP participants, 

the subsidy would be expected to particularly benefit non-Hispanic blacks—the group for 

whom healthcare interventions alone have not been sufficient to reduce large disparities in 

cardiovascular disease incidence that have been attributed in part to poor nutrition.51
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Limitations

The effects of a FV subsidy on disease risks were modeled based on the most rigorous 

available meta-analytic data.2,32–34 Therefore, findings are likely to be conservative and 

potentially robust to the concern that several associations in the nutrition literature may be 

false-positive associations.12,52–54 Additional studies estimating the degree of heterogeneous 

treatment effects, including kilocalorie effect size of FV intake,55 are needed, but would 

likely strengthen the authors' conclusions. Second, data from NHANES are subject to the 

limitations of survey studies, including recall biases, acceptability biases, and under-

reporting, which may lead to underestimation of SNAP participation.56 This bias would also 

lead the impact estimates to be conservative. Finally, although uncertainty analyses were 

performed by sampling from distributions around the input parameter data sources, all 

possible uncertainties in a simulation model cannot be captured. Hence, results are 

inevitably subject to the assumptions inherent in modeling. Among these is the use of risk 

factor equations to estimate risk, which may overestimate disease when clinical treatment of 

risk factors improves over time; however, such improvements in treatment are historically 

observed disproportionately among higher-socioeconomic groups.57

Conclusions

Nationwide expansion of the HIP financial incentive program for FV purchases would be 

expected to lower obesity, Type 2 diabetes, and cardiovascular disease in the U.S and would 

be cost saving under a wide range of scenarios. The benefits would likely accumulate among 

demographic groups who have been traditionally missed by healthcare-based interventions, 

thus addressing social and economic determinants of nutritional and health disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model schematic.

SBP, systolic blood pressure; TC, total cholesterol; HBP TX, hypertension treatment status; 

HDL-C, high-density lipoprotein cholesterol; MI, myocardial infarction; CVD, 

cardiovascular disease; FV, fruit and vegetable
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Figure 2. 
Projected reduction in incidence of diseases by gender and race/ethnicity due to a 30% 

subsidy on SNAP purchases of fruits and vegetables in the SNAP population.

MI, myocardial infarction; SNAP, Supplemental Nutrition Assistance Program
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Table 1
Model Parameters and Sources

Parameters Source

Population size of demographic cohorts NHANES 2003-2012

Weight changes associated with caloric intake (Appendix Text 1) NIH model of body mass change a

Risk of MI or stroke by demographic group (Appendix Text 2) Model-based estimates from meta-analysis data b

Risk of type II diabetes (Appendix Table 5) CDC

Risk of lung cancer (Appendix Table 6) SEER

Baseline MI history prevalence (Appendix Table 7) NHANES 2003-2012

Baseline stroke history prevalence (Appendix Table 8) NHANES 2003-2012

Baseline hypertension treatment prevalence (Appendix Table 9) NHANES 2003-2012

Baseline systolic blood pressure (Appendix Table 10) NHANES 2003-2012

Baseline total cholesterol (Appendix Table 11) NHANES 2003-2012

Baseline HDL cholesterol (Appendix Table 12) NHANES 2003-2012

Baseline weight and height (Appendix Tables 13 and 14) NHANES 2003-2012

MI or stroke mortality rate (Appendix Text 3) Model calibration to national data c

Hazard ratio of Type II diabetes on all-cause mortality (Appendix Table 2) Meta-analysis data d

All-cause mortality rate CDC

Food cost (Appendix Table 3A) QFHPD

Food consumption elasticity (Appendix Table 3B) HIP findings e

a
Weight changes associated with caloric intake -NIH model of body mass.27,29

b
Risk of MI or stroke by demographic group - Model-based estimates from meta-analysis data. 25,58,59

c
MI or stroke mortality rate - Model calibration to national data.25,58,59

d
Hazard ratio of type II diabetes on all-cause mortality - Meta-analysis data.35

e
Food consumption elasticity - HIP findings.6

NHANES, National Health and Nutrition Examination Survey; MI, myocardial infarction; CDC, Center for Disease Control and Prevention; SEER, 
Surveillance, Epidemiology, and End Results; HDL, High-density lipoprotein; QFHPD, Quarterly Food-at-home Price Database; HIP, Healthy 
Incentive Pilot
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