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Abstract

Poor diet increases cardiometabolic disease risk, yet the impact of food service guidelines on 

employee health and its cost effectiveness is poorly understood. Federal food service guidelines 

(FFSG) aim to provide United States (U.S.) government employees with healthier food options. 

Using microsimulation modeling, we estimated changes in the incidence of cardiometabolic 

disease, related mortality, and the cost effectiveness of implementing FFSG in nationally 

representative model populations of government and private company employees across 5 years 

and lifetime. We based estimates on changes in workplace intake of six FFSG dietary targets and 

showed lifetime reductions of heart attacks (– 107/million), strokes (– 30/million), diabetes (– 

134/million), ischemic heart disease deaths (– 56/million), and stroke deaths (– 8/million). FFSG 

is cost saving overall, with total savings in discounted healthcare costs from $4,611,026 (5 years) 

to $539,809,707 (lifetime) $U.S. This study demonstrates that FFSG improves health outcomes 

and is cost saving.
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Introduction

Approximately 24% of employed adult workers in the United States (U.S.) consume foods 

and beverages obtained at their workplace during their work week [1, 2]. The prevalence 

of obesity, one of the biggest modifiable risk factors for cardiovascular disease (CVD) 

and diabetes, has increased from approximately 30% to 40% among adults in the United 

States between 1999 and 2018 [3]. The highest percent of obesity (44.8%) is among adults 

aged 40–59 in 2017–2018, who make up approximately 41% of all working adults [4]. 

Providing workers with workplace meal choices that meet dietary guidelines [5] can improve 

health outcomes. Food service guidelines in worksites are a policy tool to improve access 

to healthier food and beverages [6, 7]. The U.S. Federal Food Service Guidelines (FFSG) 

[8] aim to provide employees in federal facilities [9] with healthier food options through 

contractual obligations (contract food services) with food vendors, who must adhere to food 

and nutrition standards and provide improved educational and choice architecture promoting 

behavioral change. New and renewal contracts require vendors to immediately implement 

FFSG; implementation remains voluntary for those with current contracts [10].

Despite the established etiologic link between diet quality and cardiometabolic diseases [11, 

12], and small reductions in cancer resulting from diets lower in red and processed meats 

[13], the health impact of food service guidelines are not well understood outside of hospital 

cafeterias [14] and there is little evidence on its cost-effectiveness [15, 16]. There is no 

evidence on the impact of FFSG on health outcomes or its cost effectiveness.
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We addressed these critical gaps in knowledge by using a validated microsimulation model 

[17] to estimate health outcomes and the cost effectiveness of FFSG implementation in 

federal workplace cafeterias, as well evaluating the extension of FFSG to large private sector 

companies with at least 500 full-time employees [18].

Methods

The intervention in this analysis is the implementation of FFSG in the U.S. federal 

workplace and large, private employer cafeterias, respectively. We modeled the resulting 

changes in cardiometabolic health outcomes and related mortality from consumption 

changes in six FFSG dietary targets s (fruits, vegetables, whole grains, processed meat, 

sodium, and sugar-sweetened beverages) that have been shown to be large contributors to 

cardiometabolic-related deaths in the U.S. [11, 12]. We also performed a cost-effectiveness 

analysis of the intervention.

Base case and intervention dietary habits

For the base case (FFSG not implemented), we used dietary intake as reported in the 

2009–2016 NHANES surveys [19] in non-school cafeterias only (excluding vending 

machine foods) to estimate the average amounts and types of specific foods and beverages 

consumed in the workplace using 1-day and 2-day recall periods. For the intervention 

(FFSG implemented), we adjusted these mean intakes by the percent changes in food and 

beverage consumption changes in workplace cafeterias as reported in Table 1. We estimated 

intervention effect sizes for this analysis by reviewing results from a prior systematic review 

and meta-analysis of evidence for the impact of workplace wellness programs on dietary 

change and measures of adiposity [20]. Then we focused on studies with interventions 

that targeted food nutrition standards or promoted similar behavioral changes to FFSG. We 

converted effect sizes reported as per-meal changes in consumption to changes in percentage 

of daily consumption and adjusted to reflect an average weekly consumption of two meals 

per week, based on the number of meals sold in federal facility cafeterias in the National 

Capital Region 11 in 2015. There were no studies on the consumption of processed meats in 

workplace interventions so we estimated an effect size based on reported workplace dietary 

sodium intake from the National Health and Nutrition Examination Surveys (NHANES) 

at lunch [21]. There is also no published evidence on workplace interventions targeting 

whole grains so we estimated an effect size from a study of food package revision changes 

to WIC (Special Supplemental Nutrition Program for Women, Infants and Children) [22], 

designed by nutritionists, physicians, and other health professionals working for the Food 

and Nutrition Service (FNS) of the United States Department of Agriculture (USDA) and at 

individual state WIC agencies [23], to increase the intake of fruits, vegetables, and whole 

grains by mother–child pairs. We summarized detailed information on the methods for the 

literature review, assumptions, and calculations of all six effect size estimates and present in 

Memo 1 (Supplementary Material).

Model populations

Using sampling with replacement, we created a nationally representative population of 

one-million full-time employees aged 35–65 working at least 35 h per week using data for 
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federal, state, and local government employees from 2009 to 2016 NHANES surveys [26] as 

their CVD risk factor profiles were similar (Supplementary Material, Figure S1). We created 

a second population of one-million full-time private sector workers aged 35–65 from the 

same NHANES cycles, using the same methods.

Model description

CVD PREDICT [17] is a validated microsimulation model that uses a representative U.S. 

population to predict health outcomes, associated costs, and cost effectiveness of specific 

dietary and policy interventions (Supplementary Material, Figure S2) [27, 28]. The model 

uses individual-level CVD risk factors (age, sex, race, current smoking status, diabetes 

status, systolic blood pressure, total cholesterol) to calculate annual CVD risk transition 

probabilities. Individuals age through the model over defined time horizons, with disease 

transition probabilities updated annually, including remaining disease free, having a first or 

recurrent CVD event (myocardial infarction, cerebrovascular accident, and ischemic heart 

disease), or dying from CVD or other causes. We applied evidence-based age-specific 

relative risks (Table 1) in the model [11, 12, 29, 30]. Based on their health state, acute 

and chronic healthcare costs (Supplementary Material, Table S1) and health state utilities 

(Supplementary Material, Table S2) are applied to individuals annually. The model generates 

numbers of ischemic and cerebrovascular events (morbidity), related mortality, and quality-

adjusted life years (QALYs), and costs associated with the intervention. Cost effectiveness is 

calculated as the incremental cost-effectiveness ratio (ICER) comparing the health outcomes 

and total costs due to the intervention, compared to the base case. Both costs and health 

benefits were discounted at an annual rate of 3% [31].

Intervention costs

We standardized all costs, adjusted for inflation [32], and reported in 2018 $U.S.D. We 

excluded workplace consumption of food from vending machines in our cost estimates 

as we found no data for vending machine expenditures or changes in consumption in the 

federal workplace setting. We found no evidence to suggest economic benefit or harm to the 

individual consumer because of paying more for higher quality meals at work.

Our comprehensive description of cost assumptions and calculations appear in Memo 

2 (Supplementary Material). Our key methodological assumptions for intervention cost 

calculations were (1) there would be no vendor FFSG implementation costs, as all costs are 

passed to the client, as permitted by ‘no-cost’ government contracts [33]; (2) the government 

would incur only program administration costs, which we estimate to be 0.7637% of 

client costs, as the General Services Administration (GSA) budget includes the cost of 

administering real estate and acquisition costs [34]; (3) the ratio of meals sold per employee 

in Capitol Region 11 is similar to other regions in the U.S.

No-cost government contracts allow food vendors to pass on costs associated with providing 

products complying with the food nutrition standards of FFSG directly to the consumer, 

while prohibiting charges to the government for these costs. We used the National School 

Lunch Program (NSLP) implementation experience [35], a similar federal program to FFSG, 

to estimate client costs and assumed: (1) federal employees would purchase an average 
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of 2 meals per week in the base case; (2) an average cost of $4.61 per meal; and (3) a 

price per meal increase of 8.1% ($0.37). Cost inputs for the intervention included use of 

the average cost of implementing food nutrition standards to meals in the National School 

Lunch Program over five years. Specifically, the average costs from the NLSP included 

overall cost changes, food, labor, and state administrative costs.

In the base case, we assumed no change in either the price per meal or average number 

of meals purchased weekly after implementation of FFSG. We estimated annual employee 

costs of implementing the FFSG for over 2 million federal employees to be $72,857,488 and 

government program administration costs at $556,471 (0.76% of employee costs).

Data analysis and perspectives

We conducted our analysis from a government perspective and included all administrative 

costs for the intervention and downstream healthcare costs averted or induced by it, 

because the government is responsible for a large proportion of their employees’ health 

insurance [36]. We included program administration costs and formal healthcare costs, as 

recommended for cost-effectiveness analyses in health and medicine [37]. We assessed both 

changes in health outcomes and the cost effectiveness across two time horizons. Lifetime 

simulations, which assumed no change to the current FFSG, estimated the costs and benefits 

for the current employed cohort, with individuals dropping out of the analysis when they 

died or reached age 70, which is the age when approximately 68% of U.S. workers retire 

[38]. A 5-year time horizon-simulated outcomes if current FFSGs are updated 5 years after 

being issued. We created an open cohort that brought in new 35 year olds entering each 

year to account for trends in risk factor demographics. These trends capture changes in risk 

factors for CVD with increasing age, as well as over time as better treatments to manage the 

condition may become available.

Sensitivity analysis

First, we scaled all observed costs and benefits to all the U.S. full-time government and 

private sector workers, respectively. Next, we added an increase of 8.1% ($0.37) in the 

price per meal to the intervention costs to explore the impact on model estimates. A case 

study of FFSG implementation in a federal cafeteria showed customers purchased 34% 

more meals [39] after implementation; thus, we performed sensitivity analyses for 25% 

and 50% increases in the number of meals purchased, while assuming no increase in 

per-meal cost. We performed a threshold analysis of incremental cost-effectiveness ratios 

(ICERs) to determine the per-meal cost increases that would keep the intervention below 

the commonly accepted U.S. healthcare cost thresholds of $150,000 per Quality-Adjusted 

Life Year (QALY) and $50,000 per QALY [40, 41]. In the absence of published estimates 

of implementation and program costs to private employers, we doubled the government 

program administration costs (0.76% to 1.52%) to explore the impact on outcomes. The 

study team performed probabilistic sensitivity analyses (PSA) over the lifetime horizon 

for the main analysis by jointly incorporating the uncertainty distributions of key model 

parameters, including costs and utilities (Supplementary Material Table S3). We performed 

one thousand simulations and generated 95% uncertainty intervals [42].
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Results

Population characteristics and mean daily intake of the dietary targets for the government 

model population used in the main analysis are provided in Supplementary Material 

Table S4. In this population, the intervention was estimated to result in reductions in 

cardiometabolic events and CVD mortality, compared to the base case: a lifetime reduction 

in the number of heart attacks (– 107/million), strokes (– 30/million), cases of diabetes (– 

134/million), deaths from ischemic heart disease (– 56/million), and deaths from stroke (– 

8/million) (Supplementary Material Table S5). The per-person cost for the intervention is 

$1.27 (5 years) and $3.82 (lifetime) (Supplementary Material Table S6), and it is estimated 

to be cost saving across both time horizons (Table 2). When the benefits of the intervention 

are expanded to include full-time employees in both government and private sectors over the 

lifetime horizon, the intervention remains cost saving (Table 2).

We estimated expanding the intervention to all government and private full-time employees 

[18] at large companies to generate $752,070,585 in combined total healthcare costs savings 

over the lifetime horizon (Table 3).

In both sectors, the largest healthcare costs savings come from chronic care over a 

lifetime and from acute care over 5 years. Among approximately 15 million full-time 

government workers [43] aged 35–65, estimated overall savings in healthcare costs range 

from $4,611,026 (5-year horizon) to $212,260,877 (lifetime horizon). The estimated costs of 

administering the intervention for government workers range from $19,520,008 (5 years) to 

$58,713,726 (lifetime). Adding an annual increase of 8.1% per-meal cost to the intervention 

costs results in the intervention no longer being cost saving or cost effective (Table 4). When 

there is no increase in the cost of meals but 25% and 50% per capita increases of in the 

number of meals purchased, the intervention remains cost saving across the lifetime horizon 

(Table 4).

The threshold analysis (Supplementary Material Table S5) shows that an increase of 0.5% 

and 1% in meal costs would result in the intervention being cost effective at the $50,000/

QALY and $150,000/QALY thresholds, respectively. The probabilistic sensitivity analyses 

projected that the intervention remained cost effective over 1000 runs with all results 

estimated to be less expensive and more effective compared to not implementing the FFSG 

(Supplementary Material Figure S3).

Discussion

Our microsimulation modeling estimates that implementing FFSG in government facility 

cafeterias will yield modest improvements in cardiometabolic health outcomes and related 

mortality, despite the relatively small number of overall meals consumed in the workplace; 

this is consistent with evidence from worksite dietary interventions [45].

Our study projects intervention cost saving overall in government and private employer 

settings, with potential overall healthcare costs savings ranging from $4,611,026 (5 years) to 

$539,809,707 (lifetime). The largest savings in healthcare costs over 5 years are from acute 

care, while the largest lifetime savings come from chronic care up to age 70, consistent with 
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what would be expected with advancing age and competing morbidities. The FFSG only 

requires that 40–60% of food choices offered by vendors meet the specified food nutrition 

standards and analysis assumes this level of compliance. If vendors exceed this level of 

compliance, then our results underestimate effects and, if they fail to meet the required 

threshold, our results would overestimate effects.

If increased per-meal costs of 8.1% per meal per year are added to the client intervention 

costs, the intervention becomes cost ineffective. The threshold analysis shows that 

maintaining cost effectiveness for this intervention requires per-meal price increases capped 

at 0.5%–1.0%. However, this analysis including the 8.1% price increases overstates the 

true social cost increases, because the higher food prices may reflect higher utility value 

of the purchased food. That is to say that the demand for healthier foods is high and thus 

consumers are willing to pay more for these meals, even at an increased cost. In the absence 

of published costs, these results provide first estimates toward determining accurate cost 

breakdowns for FFSG implementation.

We recognize that private employers face different operational costs than government. Our 

additional analysis, doubling intervention costs for private employers, shows the intervention 

remained cost saving with improved health outcomes (results not shown), consistent with 

the main analysis. These results provide private employers with a benchmark to consider 

when weighing their willingness to pay for improved health outcomes against budgetary 

considerations (such as costs of contributions to employee health insurance premiums) as 

part of employee benefits policies. Sensitivity analyses exploring the effect of a 25%—50% 

increase in the consumption of average weekly meals over the base case show an increase 

in cost savings. This increase in consumption is consistent with evidence that workers value 

more nutritious workplace meals even if it costs more [39, 46].

Strengths and limitations

The CVD PREDICT model allows for individual-level assignment of known risk factors, 

annual adjustment of probabilities for developing disease, experiencing events, and 

accounting for potential confounding by multiple risk factors and competing causes of 

morbidity and mortality. Excluding consumption of foods subject to FFSG from vending 

machines due to the lack of available costing data likely means we are underestimating 

the full effect of the FFSG. There are currently no published direct cost estimates or cost 

measures related to FFSG implementation and our costs exclude startup implementation 

cost. However, estimation of annual program costs for implementation does incorporate 

initial costs based on the average of the first 5 years of implementing the NSLP, a similar 

federal program with less stringent vendor standards, thus, providing a reasonable estimate 

of implementation costs. The current FFSG require that at least 75% of products provided 

by vendors meet specific food nutrition standards. This is likely to result in reduced 

additional costs to the vendor, compared to policies requiring 100% implementation. A 

large government agency in Los Angeles County implemented such a policy [47]; during 

implementation, observers saw a drop in sales and vendor revenue for both beverages 

and foods. We are, thus, likely underestimating the benefits of FFSG implementation by 

excluding the impact of consuming more nutritious food products from vending machines. 
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We also note that consumption patterns of employees in US Capitol Region 11 may not be 

representative of all government employees, and thus, our results may not be representative 

of the overall government experience with implementation. Our analysis did not account for 

costs due to absenteeism; this remains to be explored in future work.

There is limited evidence on the etiologic effects of dietary changes in workplace settings; 

therefore, we restricted our analysis to dietary targets for which there is significant evidence 

of strong etiologic relationships with CVD. We used relative risks from studies that address 

measurement error due to the independent and joint effects of dietary targets on health 

outcomes, multivariate-adjusted relative risks derived from meta-analyses of prospective 

studies, and those with assessments of measurement validity [12, 13]. We did not include 

an assessment of dietary intake on cancer risk [48] in this analysis, likely resulting in an 

additional underestimate of the true health benefits from consuming more nutritious meals in 

workplace cafeterias.

Conclusions

This is one of the first studies to investigate the impact of FFSG on both health outcomes 

for employees and its cost effectiveness. Our results suggest that implementing FFSG leads 

to modest improvements in cardiometabolic health and is cost saving but more work on 

costing is needed. Given that American workers consume almost twice as much free food as 

purchased food at work [2], future work should also evaluate the effects of extending FFSG 

to workplace events with catered food.
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Refer to Web version on PubMed Central for supplementary material.
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Key messages

• Federal food service guidelines require food vendors in workplace cafeterias 

to sell meals with healthy nutritional profiles.

• Nutritious meals sold in workplace cafeterias have the potential to improve 

the overall, daily dietary intake of employees who regularly purchase food at 

work.

• We demonstrate that implementing federal food service guidelines in 

government cafeteria has the potential to improve health outcomes for 

employees and is cost saving for the government.
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Table 2

Cost effectiveness of implementing federal food service guidelines (2018 $U.S.), per person

Discounted cost
b

Discounted QALY
c

ICER
d

Main analysis: government employees only

 Lifetime model
a

  Usual care 20,124.97 13.5158

  Intervention 20,111.16 13.5161 Cost saving

 5-year model

  Usual care 5656.05 4.62

  Intervention 5655.74 4.62 Cost saving

Expanded analysis: all full-time employees 
e 

 Lifetime model
a

  Usual care 26,050.35 14.7658

  Intervention 26,019.32 14.7667 Cost saving

a
Time from age of entry into the model until death or age 70

b
Discounted cost in 2018 $US

c
Discounted Quality-Adjusted Life Years

d
Incremental Cost-Effectiveness Ratio

e
All full-time government and private sector employees
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Table 3

Estimated average discounted healthcare costs savings over 5 years and lifetime, by employment sector, in 

millions of $US (2018), compared to base case (no implementation of FFSG)

Government employees
a

Private sector employees
a Total

Lifetime model 
b 

 Total $212,260,877 $539,809,707 $752,070,585

 Acute $116,966,349 $297,462,120 $414,428,469

 Chronic $151,702,741 $385,801,724 $537,504,466

 Drug $2,305,513 $5,863,248 $8,168,761

 Intervention $58,713,726 $149,317,385 $208,031,110

Five-year model

 Total $4,611,026 $11,726,496 $16,337,522

 Acute $17,521,897 $44,560,685 $62,082,583

 Chronic $6,455,436 $16,417,095 $22,872,530

 Drug $153,701 $390,883 $544,584

 Intervention $19,520,008 $49,642,167 $69,162,175

Costs and quality-adjusted life years (QALYs) were discounted by 3% annually

All costs inflated to constant 2018 $U.S. dollars using the Bureau of Labor Statistics’ Consumer Price Index [32]

Healthcare cost savings calculated as averted direct costs from chronic/acute disease states, surgical procedures, screening, and drug use; excludes 
production and consumption costs

a
Employee populations scaled to include non-seasonal, full-time workers aged 35 and over in the government sector (15,370,085) and at private 

employer with at least 500 workers (39,088,321) [43, 44]

b
Time from age of entry into the model until death or age 70
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