Financial Analysis; Nutrition

Predicted National Productivity Implications of
Calorie and Sodium Reductions in the
American Diet
Timothy M. Dall, MS; Victor L. Fulgoni III, PhD; Yiduo Zhang, PhD; Kristin J. Reimers, PhD;
Patricia T. Packard, MS, RD; James D. Astwood, PhD

Abstract
Purpose. To model the potential long-term national productivity benefits from reduced daily
intake of calories and sodium.
Design. Simulation based on secondary data analysis; quantitative research. Measures include
absenteeism, presenteeism, disability, and premature mortality under various hypothetical dietary changes.
Setting. United States.
Subjects. Two hundred twenty-five million adults.
Measures. Findings come from a Nutrition Impact Model that combines information from
national surveys, peer-reviewed studies, and government reports.
Analysis. We compare current estimates of national productivity loss associated with overweight,
obesity, and hypertension to estimates for hypothetical scenarios in which national prevalence of these
risk factors is lower. Using the simulation model, we illustrate how modest dietary change can achieve
lower national prevalence of excess weight and hypertension.
Results. We estimate that permanent 100-kcal reductions in daily intake among the overweight/obese
would eliminate approximately 71.2 million cases of overweight/obesity. In the long term, this could
increase national productivity by $45.7 billion annually. Long-term sodium reductions of 400 mg in
those with uncontrolled hypertension would eliminate about 1.5 million cases, potentially increasing
productivity by $2.5 billion annually. More aggressive diet changes of 500 kcal and 1100 mg of sodium
reductions yield potential productivity benefits of $133.3 and $5.8 billion, respectively.
Conclusions. The potential long-term benefit of reduced calories and sodium, combining medical
cost savings with productivity increases, ranges from $108.5 billion for moderate reductions to
$255.6 billion for aggressive reductions. These findings help inform public health policy and the
business case for improving diet. (Am J Health Promot 2009;23[6]:423–430.)
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INTRODUCTION
Obesity and hypertension, as risk
factors for numerous chronic conditions such as cardiovascular disease
and diabetes, are prevalent and pervasive health problems that pose a severe
burden on national productivity
through work absenteeism, reduced
productivity at work and at home, and
disability that limits ability to work.1–10
Both obesity and hypertension are
associated with early mortality that can
cut short careers.11–15 The Centers for
Disease Control and Prevention (CDC)
estimates that obesity could be responsible for 112,000 premature
deaths per year, whereas hypertensive
disease could be primarily responsible
for 54,700 deaths annually and, as a
risk factor for cardiovascular complications, could additionally contribute
to early mortality.11,16–18
Absenteeism is estimated to reduce
annual productivity by 0.2% to 1.5%
per worker with unhealthy weight and
by up to 0.9% per worker with hypertension.1–3 Presenteeism, defined as
reduced productivity while at work, can
result from various factors including
concentration loss, slower work pace,
job repetition, and fatigue.4 Presenteeism estimates suggest that unhealthy weight is associated with a
decline in annual productivity of 1.5%
to 3.2%, whereas hypertension is associated with a productivity decline of
0.6% to 10.4%.3,5–7 The presence of
many comorbidities of obesity (e.g.,
arthritis, back pain, and diabetes) has
been found to be associated with
increased probability of limitations
that can prevent working.2,8–10
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In this study, we estimated total
annual productivity losses to society
from overweight, obesity, and uncontrolled hypertension, and subsequently
the potential productivity benefits of
reducing daily caloric and sodium
intake to reduce prevalence of excess
weight and hypertension. Because it is
not practical to collect such data
through direct observation or clinical
trials, a simulation model was utilized
that combines findings from the literature with analysis of national survey
data.
METHODS
This study estimates the current
prevalence of excess weight and uncontrolled hypertension, the proportion of chronic health problems attributed to excess weight and
hypertension, and the associated medical costs and lost productivity. Then, we
model hypothetical scenarios to simulate what the national prevalence of
overweight, obesity, and uncontrolled
hypertension would be among the adult
population if there were a reduction in
daily intake of calories and sodium in
the American diet. We compare current
disease prevalence and cost to projected
prevalence and cost under the hypothetical scenarios. These comparisons
are suggestive of the potential longterm benefits to society of changes to
the American diet.
In a companion article we describe
the data and methods used to estimate
current disease prevalence and medical costs associated with overweight,
obesity, and hypertension, and we
describe the long-term change in
national prevalence of chronic health
problems possible by reducing daily
intake of calories and sodium.19 In this
section we describe the conceptual
model, assumptions, and analyses to
quantify the national productivity implications associated with improvements to the American diet.
Conceptual Model
We categorize the adult population
into 80 unique risk groups defined by
age (18–44, 45–54, 55–64, 65–74, 75+),
gender, weight, and hypertension status (uncontrolled hypertension, not
uncontrolled). Four weight categories
were defined: normal weight (body
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mass index [BMI] 18.5–24.9), overweight (BMI 25.0–29.9), obese class I
(BMI 30.0–34.9), and obese classes II
and III combined (BMI § 35.0).20
Uncontrolled hypertension was defined as systolic blood pressure (SBP)
§ 140 mm Hg or diastolic blood
pressure (DBP) § 90 mm Hg.21 We
used 2007 U.S. Census Bureau population estimates by age and gender and
estimated prevalence for overweight,
obesity, and uncontrolled hypertension from the 1999 to 2004 National
Health and Nutrition Examination
Survey (NHANES) to estimate the size
of the population in each risk group.22
Numerous studies find that health
problems linked to excess weight and
hypertension reduce national productivity through higher rates of absenteeism, presenteeism, disability, and
premature death.1–18 Using findings
from the literature combined with
original analysis of the National Health
Interview Survey (NHIS), we quantified
lost productivity for each of the 80 risk
groups defined above. Reducing the
amount of calories and sodium in the
national diet will, over time, reduce
rates of overweight, obesity, and hypertension. We compared current estimates of lost productivity to projected
levels of lost productivity associated
with the modeled hypothetical diet
scenarios to simulate potential longterm benefits of improved diet.
Assumptions
To our knowledge there are no
studies that document the impact of
dietary changes on productivity among
adults. Our model is based on studies
that show an association between diet
changes and change in risk factors (e.g.,
BMI and SBP/DBP), and an association
between the presence of risk factors
(e.g., overweight, obesity, and hypertension status) and productivity.
Absenteeism
The 2006 NHIS contains self-reported employment status; work days lost
per year because of illness; height;
weight; and indication of having been
told by a physician that the respondent
has hypertension.23 We calculated average work days lost per year for 64 risk
groups defined by age group, gender,
weight category, and hypertension status. Differences between the normal
weight and the excess weight catego-

ries in average work days lost (controlling for demographic and hypertension) were attributed to excess weight.
Because hypertension prevalence is
correlated with BMI, we jointly modeled the impact of excess weight and
hypertension to prevent double
counting.
To model potential change in total
absenteeism days associated with
changes in the prevalence of excess
weight and hypertension, we combined
Bureau of Labor Statistics data on labor
force participation rates (L) for each
age group (a) and gender (g)24; calculated average work days absent (ADays)

from the NHIS for each demographic, weight status (w), and hypertension status (h 5 yes, no); and calculated net change in the population
size for each risk group (DP) associated with a scenario-defined reduction in daily intake of calories and
sodium (Equation 1.1; see Table 1).
Presenteeism
We used findings from the literature
to model changes in presenteeism
associated with changes in weight and
hypertension. Estimates of reduced
work performance associated with excess weight range from 1.45% to
3.17%.5–7 Averaging the results of these
three studies yields 4.9 work days lost
per year per full-time worker with
excess weight (about a 2% productivity
decline). Our review found six estimates (ranging from 0.6% to 10.4%) in
four studies of reduced work performance associated with hypertension.3,5,6,25 The simple average across
these six estimates (4.4%) equates to
10.6 lost work days per year per fulltime worker with hypertension.
Analysis of the NHIS suggests that
78% of the working population with
hypertension is overweight or obese.
To prevent double counting, we removed the presenteeism effect associated with overweight and obesity from
the population with hypertension. This
yielded a presenteeism impact of 7.4
lost work days per year per worker with
hypertension (a 3.1% productivity decline). Subtracting the overweight/
obesity effect from the hypertension
effect, rather than vice versa, could
overstate the potential productivity
gains from reducing excess weight
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while understating potential gains
from reducing hypertension.
We modeled change in national fulltime equivalent (FTE) work days lost
because of presenteeism as a function of
average annual days lost because of
presenteeism (PDays) for each risk

group, the change in number of
people in each risk group based on the
diet scenario modeled, and labor force
participation rates (Equation 1.2; see
Table 1).
Disability
We defined disability as receiving
Social Security Supplemental Insurance (SSI) payments because of disability. We identified those cases using
the 2004 to 2006 NHIS, and used
multivariate logistic regression to capture the hypothesized relationship with
excess weight and hypertension, controlling for other factors hypothesized
to increase risk of disability.
We estimated logistic regression
models to predict the probability of
disability. The independent variables
included indicator variables for over-

weight, obese I, obese II and III, and
hypertension; and age, gender, education attainment, marital status, health
insurance coverage, race and ethnicity.
To better capture differences by age,
we implemented split sample analysis
for age groups 18 to 54, 55 to 64, and
65 to 74 and used age-specific odds
ratios from separate multivariate logistic regressions. Using the odds ratios,
we calculated disability rates for each
risk group defined by age, gender,
weight, and hypertension status. The
long-term change in national cases of
disability associated with changes in
national prevalence of overweight,
obesity, and hypertension is characteristics by Equation 1.3; see Table 1.
Mortality
Starting with the overall national
mortality risk for each demographic as
reported by the CDC, and using agegender-weight–specific relative risk
ratios from Flegal et al.,11 we calculated a mortality rate by weight category
and demographic. The mortality rate
attributed to hypertension was calcu-

lated by combining total primary diagnosis hypertension disease fatalities
with fatalities caused by hypertensionattributed cardiovascular complications, and then dividing by estimates of
the total population with hypertension.
We estimated the portion of cardiovascular complication deaths attributed to
hypertension using the population-attributable fractions from Lewington et
al.15 Analysis of the NHIS suggests that
approximately 37% of adults with hypertension are obese, so we removed
the estimated hypertension-related
mortality from the obesity mortality
rates to prevent double counting.
To estimate the national productivity
lost because of early mortality, we
computed the net present value (NPV)
of future (lifetime) productivity by age
for both men and women. The approach combines Bureau of Labor
Statistics data on average annual earnings (E) as a proxy for productivity,
labor force participation rates, and
probability for survival by age and
other demographic.26 We used a real
discount rate (d) of 3%, a rate often
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used in public health studies, and
assumed that productivity growth (p)
will increase real earnings by 1% per
year.27 NPV is calculated at age (a) of
death based on expected future earnings for all other ages (A) had the
premature death not occurred. This
calculation uses cumulative mortality
(CM) rate to adjust for life expectancy.
People not in the labor force provide
services to society in the form of child/
elderly care, services in the home, and
volunteer work in the community.
There is no consensus on the value of
productivity for people not in the labor
force, and similar to other recent
studies,28,29 we use 75% of the average
earnings of peers (controlling for age
and gender) in the labor force as a
proxy for the value of productivity for
the unemployed population aged 18 to
64 (for each percentage point change
in this 75% assumption, the national
cost of premature mortality changes by
approximately 0.3%). For the population aged 65 to 74, we make the
conservative assumption to model only
lost productivity for employed individuals (because there is insufficient
information to know what portion of
the elderly population is productivity
employed in nonmarket activities such
as community service and child care).
We make the simplifying assumption
that productivity loss is zero for the
population aged 75 and older. NPV of
lost productivity per person who dies
prematurely differs by age and gender
is calculated using Equation 1.4; see
Table 1.
The difference in cases of premature
mortality if national rates of obesity
and hypertension were different from
current levels is described by Equation
1.5; see Table 1.

day.19 BMI changes were estimated
using the 2005 Dietary Reference
Intakes energy equations.30 We modeled the relationship between sodium
reductions and blood pressure using
findings from a meta-analysis by
Graudal et al.,31 but also use estimates
from the DASH-Sodium Trial for
sensitivity analysis.32
With the kcal reductions, the nation
would reach a new weight equilibrium
in approximately 3 to 5 years. The
reduction in prevalence of hypertension associated with a reduction in
sodium intake could occur even
quicker. Studies suggest that reduction
in BMI and blood pressure can, within
a few months, start to reduce the risk
for cardiovascular disease, metabolic
diseases, and other chronic conditions
associated with high BMI.19,33–39
Changing these risk factors does not
eliminate cases of chronic health
problems already present among the
population. Consequently, our analysis
comparing hypothetical national
health equilibriums illustrates the potential long-term benefits of national
changes in diet, showing how modest
but sustained changes in diet can
achieve profound changes in national
health.
The potential long-term, annual
productivity gains from reducing national prevalence of overweight, obesity, and uncontrolled hypertension
combines estimates of reduced days of
absenteeism, FTE days of presenteeism, cases of disability and premature
mortality, and the estimated cost per
case for each of these events (Equation
1.6; see Table 1).

Analysis
Using NHANES, we estimated current prevalence rates of overweight,
obesity, and uncontrolled hypertension by demographic group. Then,
using the Nutrition Impact Model, we
modeled hypothetical scenarios
showing how prevalence rates for
overweight, obesity, and uncontrolled
hypertension would decline via sustained reductions of 100 and 500 kcal
per day below energy requirements,
and via sustained reductions of
400 mg and 1100 mg sodium per

Prevalence
Using rates from NHANES applied
to Census Bureau population estimates, we calculate that of the 225
million adults in the United States in
2007, 74.7 million (33%) are overweight, 37.8 million (17%) are obese I,
and 26.7 million (12%) are obese II or
III. Approximately 42 million (19%)
have uncontrolled hypertension, an
estimate half that of national estimates,
which typically include both individuals with uncontrolled hypertension and
those whose blood pressure is con-
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RESULTS

trolled (SBP , 140 and DBP , 90 mm
Hg) with medication.40,41
Absenteeism and Disability
Average annual work days lost attributed to excess weight were 0.31 per
overweight worker, 0.70 per obese I
worker, and 2.12 per obese II and III
worker, although the estimates varied
by demographic. Hypertension was
associated with an average of 1.35
annual work days lost per worker with
hypertension.
Our multivariate regression analysis
found strong evidence that obesity and
hypertension were associated with increased risk for long-term disability
(analysis available upon request). Individuals with self-reported hypertension, on average, were 1.66 times more
likely to have received SSI for disability
during the past year, controlling for
body weight status and other socialeconomic factors. Individuals with BMI
30 through 34.9 and BMI § 35 were
1.23 and 1.77 times more likely to
receive SSI for disability, respectively,
compared with a normal weight group
(BMI 18.5–25). These associations
were statistically significant for all age
groups combined.
Premature Mortality
Our model suggests that obesity-attributed mortality is highest for the population aged 55 to 64, whereas mortality
attributed to hypertension is highest for
the population aged 75 and older. The
estimated reduction in premature
deaths by eliminating obesity is 76,000
(excluding deaths among the obese that
are attributable to hypertension). Another 363,000 premature deaths could
be prevented by eliminating uncontrolled hypertension. Findings from
Ezzati et al.42 indicate that total hypertension-related deaths in the United
States may be as high as 600,000 per
year, suggesting that our findings are
likely conservative.
The NPV of lost future productivity
per case of early mortality ranged from
a high of $1.24 million for men aged
18 to 44 to a low of $14,000 for women
aged 65 to 74, reflecting differences in
annual earnings, labor force participation rates, assumptions regarding the
value of work for those not in the labor
force, and expected life years remaining. The NPV estimate is sensitive to
the chosen discount rate; each per-

Table 2
Productivity Loss Associated With Overweight, Obesity, and Uncontrolled Hypertension
Risk Group
Overweight*
Adult population modeled (1,000,000)
Excess cases associated with each risk group (1000)
Absenteeism days
Presenteeism (FTE) days
Days unable to work because of disability
Premature mortality

Obese I*

Obese II
and III*

37.8

26.7

74.7
18,144
257,441
12,378
0

With Uncontrolled
Hypertension*

Total*

42.1

224.7

24,773
140,392
4082
16

39,905
98,378
50,426
60

18,471
100,375
35,622
363

101,293
596,586
102,508
440

3518
43,521
2543
1898
51,480

3930
22,847
673
6874
34,323

6791
15,347
9714
25,870
57,721

3295
18,446
7573
22,859
52,174

17,534
100,161
20,502
57,501
195,698

47
582
34
25
689

104
604
18
182
908

264
597
378
1006
2244

80
449
184
556
1270

78
446
91
256
871

Excess productivity loss associated with each risk group ($1,000,000)
Absenteeism
Presenteeism
Days unable to work because of disability
Premature mortality
Total associated costs
Excess productivity loss per person in risk group, $
Absenteeism
Presenteeism
Days unable to work because of disability
Premature mortality
Total cost per person at risk

NOTE: Estimates are rounded for presentation and might not add to totals. FTE indicates full-time equivalent.
* The weight risk groups include cases and costs for the portion of uncontrolled hypertension costs attributed to excess weight. Consequently, the Total
column is less than the sum of the weight and hypertension columns to prevent double counting costs associated with uncontrolled hypertension.

Table 3
Potential Long-term Productivity Gain through Calorie and Sodium Reduction
Reduction in Daily Intake*

Comorbidity Group
Population covered
Cases averted (thousands)
Overweight
Obese I
Obese II and III
Hypertension

Current Total Cases in the
United States (1000)

Calories

Sodium

100 kcal

500 kcal

400 mg

1100 mg

36,870
21,816
12,532
6030

74,700
37,782
26,664
11,248

—
—
—
1596

—
—
—
3466

28,813
125,132
28,570
62

75,177
434,884
72,771
135

1292
6349
1778
10

3040
13,923
4208
22

4937
20,569
5717
14,575
45,798

12,730
69,910
14,059
36,564
133,263

234
1138
371
752
2495

569
2559
892
1795
5815

224,669
74,700
37,782
26,724
42,080

Associated cases
Absenteeism days
Presenteeism (FTE) days
Disability work days lost
Premature mortality
Productivity gains ($1,000,000)
Absenteeism
Presenteeism
Disability work days lost
Premature mortality
Total associated costs

NOTE: FTE indicates full-time equivalent.
* Estimates are rounded for presentation and might not add to totals. Some comorbidity cases are jointly attributed to excess weight and hypertension.
Consequently, total potential savings from eliminating all cases of excess weight and uncontrolled hypertension is less than the sum of the indirect
benefits from eliminating each individual risk factor.
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centage point increase in the discount
rate causes estimates of total mortality
costs to drop by 6%–7%.

100 kcal), then annual productivity
would be $45.8 billion higher (in 2007
dollars). This includes:

National Productivity Loss
If there were no cases of excess
weight and hypertension, we estimate
that national productivity would be
$196 billion higher than current levels,
indicating the maximum potential
benefits achievable by eliminating
these risk factors (Table 2). Specifically, overweight and obesity are associated with a $144 billion decline in
national productivity, of which 63% is
attributed to obesity. Over half of this
productivity loss comes in the form of
presenteeism. Uncontrolled hypertension is associated with $52 billion in
productivity loss; approximately half is
associated with premature mortality.
Because hypertension is a comorbidity
of excess weight, the total productivity
associated with both uncontrolled hypertension and excess weight ($196
billion) is less than the sum of the
weight- and hypertension-related productivity losses.

N

Potential National Health and Economic
Benefits of Improved Diet
We modeled reductions in daily
caloric intake ranging from 100 to
500 kcal below current estimated energy requirements (i.e., a level of
caloric intake below that required to
maintain current body weight). If all
above–normal-weight adults permanently reduced daily caloric intake by
100 kcal, a new weight equilibrium
would be reached over a period of 3 to
5 years.19 The number of obese adults
would decline by more than 34 million
(Table 3). The net decrease in overweight adults would be close to 37
million, tempered by the movement of
many formerly obese adults into the
overweight category. Given a 500-kcal
reduction in daily caloric intake below
current estimated energy requirements, almost the entire adult population would shift into the normal weight
category within 3 to 5 years.
The reduced prevalence of overweight and obesity associated with
reduced caloric intake would gradually
result in lower prevalence of chronic
conditions. If cases of overweight and
obesity were lower by 37 million and 34
million, respectively (the amount
achievable with a daily reduction of
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N
N
N

29 million additional work days by
reducing absenteeism and shortterm disability ($4.9 billion value),
the equivalent of 125 million additional work days by reducing presenteeism ($20.6 billion value),
29 million additional work days by
reducing long-term disability ($5.7
billion value), and
62,000 premature deaths prevented
($14.6 billion value).

A more aggressive 500-kcal reduction in daily caloric intake—resulting
in the elimination of the majority of
overweight and obesity cases—would
yield potential benefits of $133.3 billion. Total premature deaths would
decline by 135,000 per year. Approximately 59,000 deaths averted would
come by reducing prevalence of hypertension attributed to overweight
and obesity; the remaining 76,000
deaths averted would come from reducing other diseases (e.g., type 2
diabetes, heart disease) attributed to
obesity.
We simulated the impact on uncontrolled hypertension of a reduction in
daily sodium intake of 400 to 1100 mg
per day. The 400-mg reduction by
adults with uncontrolled hypertension
would reduce hypertension cases by
close to 1.6 million. There could be an
annual reduction of 1.3 million absent
days, 6.3 million FTE days with presenteeism, 1.8 million days lost because
of disability, and 10,000 premature
deaths. Potential annual economic
benefits associated with a 400-mg reduction are $2.5 billion, rising to $5.8
billion given an 1100-mg daily reduction. These economic estimates exclude potential benefits of reduced
sodium intake for people with controlled hypertension—i.e., the reduced
need for medication to control blood
pressure.
DISCUSSION
Findings from this study reiterate
the large economic burden imposed by
obesity, overweight, and hypertension
in the form of lost productivity, and
quantify potential long-term productivity gains achievable by modest-to-

aggressive reductions in calories and
sodium in the American diet. At the
national level, the current estimated
productivity loss associated with overweight and obesity ($144 billion) and
hypertension ($52 billion) is estimated
at $196 billion annually, approximately
equal to their estimated medical costs
($192 billion).19
This study suggests that modest but
sustained reductions in sodium intake
alone (e.g., reductions by 400 to
1100 mg/d) among those with hypertension may increase the nation’s
annual productivity by an estimated
$2.5 billion to $5.8 billion, respectively. Sustained reductions in energy
intake alone (e.g., 100 to 500 kcal/d
below estimated energy expenditure)
among adults who are overweight or
obese could improve national productivity by $45.7 billion to $133.3
billion annually, or roughly $2 to $6
per overweight worker per day. Combined with medical cost savings of
$60.3 billion to $116.5 billion,19 the
economic benefit from modest to
aggressive reductions in calories and
sodium range from $108.5 billion to
$255.6 billion.
We used conservative assumptions
when estimating the indirect costs of
excess weight and hypertension, and
the corresponding benefits of improved diet. For example, we valued
each life saved using estimated NPV of
future productivity (given a normal life
expectancy). Alternate approaches to
valuing each life saved resulted in
significantly higher value-of-life estimations—especially for premature
deaths among the elderly. We excluded from our calculations any impact of
poor health on early retirement and
underemployment. We used average
earnings as a proxy for the value of lost
time, excluding fringe benefits, which
may account for one-third of the total
compensation.9,43 Using receipt of disability-related SSI payments is a conservative approach to quantifying disability.
Estimates of lost productivity associated with chronic health problems are
less precise than are estimates of excess
medical costs, because a major component of productivity loss (i.e., presenteeism) is based on self-reported
data. Also, studies reporting associations between a health condition and

the productivity measure of interest
often do not control for other health
conditions. Our estimates take into
account the association between excess
weight and hypertension to prevent
double counting of potential cost
savings.
The extent to which absenteeism
and presenteeism costs are borne by
the employer, by the employee via
reduced wages, or shared between
both parties is uncertain. Obese employees have been found to incur wage
penalties, earning 0.7% to 6.3% less
than their nonobese colleagues.44
Whether this wage penalty reflects
differences in productivity is unknown.
Our estimates of excess work days
lost for overweight and obese workers
are consistent with estimates reported
in two recent studies. The simple
average of these two studies, after
factoring out the absenteeism effect of
hypertension, suggests annual lost
work days of 0.5, 1.5, and 2.0 associated
with overweight, obese I, and obese II
and III, respectively.1,3 Estimated work
days lost because of hypertension are
also consistent with reported findings.
The simple average (0.4%) in annual
productivity loss from four published
studies (0%, 0.3%, 0.4%, 0.9%) is
equivalent to approximately one work
day per year (assuming 240 total work
days per year).3 Although our estimate
from the NHIS is slightly larger than
the average reported elsewhere, our
estimate includes short-term disability,
whereas the aforementioned studies
include only sick days.
The goal of this study was to simulate
the potential national health benefits
and productivity gains from small but
sustained dietary change, a methodology that cannot replace clinical trials,
but one that provides useful information by integrating the body of available research. Although simulation
models are powerful tools for understanding complex relationships, the
following data and study limitations
should be considered when interpreting findings from this study.
For example, this study used a static
approach that compares the health
and productivity outcomes associated
with competing hypothetical equilibriums. The scenarios modeled assume
no change in level of physical activity
so that the benefits of diet intervention

alone can be quantified. The model
provides no estimates of the dynamics
and timeframe to reach the new
equilibrium. Both the calorie reduction and sodium reduction scenarios
would likely take 3 to 5 years before a
new equilibrium weight and blood
pressure status is reached, and whether
such diet interventions are sustainable
is unknown. We modeled a reduction
in daily caloric intake below estimated
energy requirements; to the extent that
people currently consume calories in
excess of energy requirements (which
results in weight gain), the calorie
reduction needed to actually lose
weight might be greater than the levels
modeled here. The full potential benefits of improved diet will likely take
many years to materialize as new cases
of disease are prevented and the
population reaches a new health equilibrium.
We identified no studies that directly
document changes in productivity associated with dietary changes among
adults. Our model is based on studies
that show an association between dietary changes and risk factors such as
overweight, obesity, and hypertension
status, and on studies that show an
association between these risk factors
and productivity (via their impact on
disease risk).
The studies on which our model
relies to quantify the productivity
benefits of improved diet on presenteeism and mortality risk report findings by risk group, rather than by
continuous clinical measures such as
BMI, SBP, and DBP. Lacking impact
on clinical measures, we were unable
to quantify movement within a risk
group. Instead, we quantified risk
reduction when people moved from a
higher to a lower risk group using the
difference in mean probability of an
adverse event between the higher and
lower risk groups. Because our comparisons are between hypothetical national health equilibriums, using difference in group means should
provide reasonable estimates of potential long-term national productivity
gains.
Productivity is challenging to quantify from both a societal and an
employer perspective. The value of an
hour of productive labor is difficult to
quantify in some occupations, and

there is substantial variation across
workers in the value of their productivity. In some employment situations,
employees who fall behind in their
work because of absenteeism or presenteeism simply work longer hours to
make up for lost time or productivity.
In other employment situations, reduced productivity by one employee
can have a ripple effect that reduces
the productivity of coworkers. The use
of average wages and controlling for
demographics (age group and gender)
provides a proxy for the value of
productivity for different population
groups that would benefit from improved diet.
SO WHAT? Implications for Health
Promotion Practitioners
and Researchers
Just as changes in diet and lifestyle over the past several decades
have contributed to rising rates of
obesity and hypertension, so can
improvements to diet and lifestyle
reverse the obesity epidemic. This
study suggests that modest but
sustained changes in national diet
(primarily reducing caloric intake
and secondarily reducing sodium
intake) can have large economic
implications. This information is
useful to employers, researchers,
practitioners and other stakeholders
by contributing to the evidence
behind dietary guidance. This study
suggests that there exists the potential for a strong business case to
improve national diet. To verify this
assertion, though, additional research is needed on the cost and
effectiveness of environmental, educational, and policy strategies that
could facilitate improved national
dietary intake.

Acknowledgments
The authors would like to acknowledge the contribution of
Robert P. Heaney, MD; David McCarron, MD; Gary Foster,
PhD; and Robert Rubin, MD, who provided expert review
and comment during development of the Nutrition Impact
Model and this manuscript. We would also like to thank
Molly Reusser for her assistance in editing the manuscript.
Funding for this study was provided by ConAgra Foods, Inc.
References

1. Klarenbach S, Padwal R, Chuck A, Jacobs P.
Population-based analysis of obesity and
workforce participation. Obesity.
2006;14:920–927.

July/August 2009, Vol. 23, No. 6

429

2. Ostbye T, Dement JM, Krause KM. Obesity
and workers’ compensation: results from the
Duke Health and Safety Surveillance System.
Arch Intern Med. 2007;167:766–773.
3. Goetzel RZP, Long SRM, Ozminkowski RJP, et
al. Health, absence, disability, and
presenteeism cost estimates of certain physical
and mental health conditions affecting US
employers. J Occup Environ Med.
2004;46:398–412.
4. Burton WN, Chen CY, Schultz AB, et al.
Worker productivity loss associated with
arthritis. Dis Manag. 2006;9:131–143.
5. Pelletier BM, Boles MP, Lynch WP. Change in
health risks and work productivity over time.
J Occup Environ Med. 2004;46:746–754.
6. Boles M, Pelletier B, Lynch W. The
relationship between health risks and work
productivity. J Occup Environ Med.
2004;46:737–745.
7. Burton WN, Chen CY, Conti DJ, et al. The
association of health risks with on-the-job
productivity. J Occup Environ Med.
2005;47:769–777.
8. Hertz RP, Unger AN, McDonald M, et al. The
impact of obesity on work limitations and
cardiovascular risk factors in the US
workforce. J Occup Environ Med.
2004;46:1196–1203.
9. Loeppke RM, Taitel MP, Richling DM, et al.
Health and productivity as a business strategy.
J Occup Environ Med. 2007;49:712–721.
10. Arena VCP, Padiyar KRM, Burton WNM,
Schwerha JJM. The impact of body mass
index on short-term disability in the
workplace. J Occup Environ Med.
2006;48:1118–1124.
11. Flegal KM, Graubard BI, Williamson DF, Gail
MH. Excess deaths associated with
underweight, overweight, and obesity. JAMA.
2005;293:1861–1867.
12. Fontaine KR, Redden DT, Wang C, et al. Years
of life lost due to obesity. JAMA.
2003;289:187–193.
13. Romero-Corral A, Montori VM, Somers VK, et
al. Association of bodyweight with total
mortality and with cardiovascular events in
coronary artery disease: a systematic review of
cohort studies. Lancet. 2006;368:666–678.
14. Gronniger JT. A semiparametric analysis of
the relationship of body mass index to
mortality. Am J Public Health. 2006;96:173–178.
15. Lewington S, Clarke R, Qizilbash N, et al. Agespecific relevance of usual blood pressure to
vascular mortality: a meta-analysis of
individual data for one million adults in 61
prospective studies. Lancet.
2002;360:1903–1913.
16. Hodgson TA, Cai L. Medical care
expenditures for hypertension, its
complications, and its comorbidities. Med
Care. 2001;39:599–615.
17. Caroll W. Hypertension in America, 2002:
Estimates for the US Civilian Noninstitutionalized
Population Ages 18 and Older. Rockville, Md:
Agency for Healthcare Research and Quality;
2004. Statistical Brief 59. Available at: http://
www.mepsweb/data_files/publications/
st59/stat59.pdf. Accessed January 5, 2008.

430

American Journal of Health Promotion

18. Thomas F, Bean K, Pannier B, et al.
Cardiovascular mortality in overweight
subjects: the key role of associated risk factors.
Hypertension. 2005;46:654–659.
19. Dall TM, Fulgoni VL, Zhang Y, et al. Potential
health benefits and medical cost savings
attributable to calorie, sodium and saturated
fat reductions in the American diet. Am J Health
Promot. 2009;23(6):412–422.
20. The National Heart Lung and Blood Institute,
National Institute of Diabetes and Digestive
and Kidney Diseases. Clinical guidelines on
the identification, evaluation, and treatment
of overweight and obesity in adults.,
1998;51S–209S, Available at: http://www.
nhlbi.nih.gov/guidelines/obesity/ob_gdlns.
htm Accessed January 5, 2008.
21. Chobanian AV, Bakris GL, Black HR, et al.
The seventh report of the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA.
2003;289:2560–2572.
22. Centers for Disease Control and Prevention
(CDC), National Center for Health Statistics
(NCHS). National Health and Nutrition
Examination Survey Data. Hyattsville, Md: US
Department of Health and Human Services,
Centers for Disease Control and Prevention.
Public datasets 1999–2000, 2001–2002, 2003–
2004, and 2005–2006. Available at: http://www.
cdc.gov/nchs/nhanes.htm. Accessed May 26,
2008.
23. Centers for Disease Control and Prevention
(CDC), National Center for Health Statistics
(NCHS). National Health Interview Survey
Data. Hyattsville, Md: US Department of
Health and Human Services, Centers for
Disease Control and Prevention. Public
datasets 2006. Available at: http://www.cdc.
gov/nchs/nhis.htm. Accessed May 26, 2008.
24. Bureau of Labor Statistics. Employment status
of the civilian noninstitutional population by
age, sex, and race in 2006. Available at: ftp://
ftp.bls.gov/pub/special.requests/lf/aa2006/
pdf/cpsaat3.pdf. Accessed July 18, 2008.
25. Burton WNM, Pransky GM, Conti DJP, et al.
The association of medical conditions and
presenteeism. J Occup Environ Med.
2004;46:S38–S45.
26. Arias E. United States life tables, 2004.
National vital statistics reports. Vol 56 no. 9.
Hyattsville, Md: National Center for Health
Statistics; 2007. Available at: http://www.cdc.
gov/nchs/data/nvsr/nvsr56/nvsr56_09.pdf.
Accessed January 5, 2008.
27. West RR, McNabb R, Thompson AG, et al.
Estimating implied rates of discount in
healthcare decision-making. Health Technol
Assess. 2003;7:1–60.
28. Dall T, Mann S, Zhang Y, et al. Economic
costs of diabetes in the US in 2007. Diabetes
Care. 2008;31:1–20.
29. Dall T, Chen Y, Seifert R, et al. The economic
value of professional nursing. Med Care.
2009;47:97–104.
30. Institute of Medicine. Energy. Dietary Reference
Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty
Acids, Cholesterol, Protein, and Amino Acids.

Washington, DC: The National Academy
Press; 2005;482:107–264.
31. Graudal NA, Galloe AM, Garred P. Effects of
sodium restriction on blood pressure, renin,
aldosterone, catecholamines, cholesterols,
and triglyceride: a meta-analysis. JAMA.
1998;279:1383–1391.
32. Bray GA, Vollmer WM, Sacks FM, et al. A
further subgroup analysis of the effects of the
DASH diet and three dietary sodium levels on
blood pressure: results of the DASH-Sodium
Trial. Am J Cardiol. 2004;94:222–227.
33. Dattilo AM, Kris-Etherton PM. Effects of
weight reduction on blood lipids and
lipoproteins: a meta-analysis. Am J Clin Nutr.
1992;56:320–328.
34. Goldstein DJ. Beneficial health effects of
modest weight loss. Int J Obes Relat Metab
Disord. 1992;16:397–415.
35. Klein S, Burke LE, Bray GA, et al. Clinical
implications of obesity with specific focus on
cardiovascular disease: a statement for
professionals from the American Heart
Association Council on Nutrition, Physical
Activity, and Metabolism: endorsed by the
American College of Cardiology Foundation.
Circulation. 2004;110:2952–2967.
36. Knowler WC, Barrett-Connor E, Fowler SE, et
al. Reduction in the incidence of type 2
diabetes with lifestyle intervention or
metformin. N Engl J Med. 2002;346:393–403.
37. Neter JE, Stam BE, Kok FJ, et al. Influence of
weight reduction on blood pressure: a metaanalysis of randomized controlled trials.
Hypertension. 2003;42:878–884.
38. Pi-Sunyer X, Blackburn G, Brancati FL, et al.
Reduction in weight and cardiovascular disease
risk factors in individuals with type 2 diabetes:
one-year results of the Look AHEAD trial. Diabetes
Care. 2007;30:1374–1383.
39. Wadden TA, Anderson DA, Foster GD. Twoyear changes in lipids and lipoproteins
associated with the maintenance of a 5% to
10% reduction in initial weight: some
findings and some questions. Obes Res.
1999;7:170–178.
40. Wang TJ, Vasan RS. Epidemiology of
uncontrolled hypertension in the United
States. Circulation. 2005;112:1651–1662.
41. Muntner P, DeSalvo KB, Wildman RP, et al.
Trends in the prevalence, awareness,
treatment, and control of cardiovascular
disease risk factors among
noninstitutionalized patients with a history of
myocardial infarction and stroke.
Am J Epidemiol. 2006;163:913–920.
42. Ezzati M, Oza S, Danaei G, Murray CJ. Trends
and cardiovascular mortality effects of statelevel blood pressure and uncontrolled
hypertension in the United States. Circulation.
2008;117:905–914.
43. Nicholson S, Pauly MV, Polsky D, et al.
Measuring the effects of work loss on
productivity with team production. Health
Econ. 2006;15:111–123.
44. Baum CL, Ford WF. The wage effects of
obesity: a longitudinal study. Health Econ.
2004;13:885–899.

ADfpSUB_09

9/11/08

11:16 AM

Page 1

A fusion of the best of science and the best of practice —

together, to produce the greatest impact.
Definition of Health Promotion

DIMENSIONS OF
OPTIMAL HEALTH

“Health Promotion is the science and art of helping people
change their lifestyle to move toward a state of optimal
health. Optimal health is defined as a balance of physical,
emotional, social, spiritual and intellectual health. Lifestyle
change can be facilitated through a combination of efforts
to enhance awareness, change behavior and create
environments that support good health practices. Of the
three, supportive environments will probably have the
greatest impact in producing lasting change.”
(O’Donnell, American Journal of Health Promotion, 1989, 3(3):5.)

“ The American Journal of Health Promotion provides a forum for that rare commodity
— practical and intellectual exchange between researchers and practitioners. ”
Kenneth E. Warner, PhD
Avedis Donabedian Distinguished University Professor of Public Health
School of Public Health, University of Michigan

“ The contents of the American Journal of Health Promotion are timely, relevant, and
most important, written and reviewed by the most respected researchers in our field. ”
David R. Anderson, PhD
Vice Programs and Technology, StayWell Health Management

Stay on top of the science and art of health promotion with
your own subscription to the American Journal of
Health Promotion.

.
.
.
y
a
d
o
t
e
ib
r
c
s
b
u
S

ANNUAL SUBSCRIPTION RATES:

(Good through 12/31/09)

Individual

Institution

U.S.

$99.95

$169.46

Canada and Mexico

$108.95

$178.46

Other Countries

$117.95

$187.46

CALL 800-783-9913 (U.S. ONLY) or 818-760-8520
OR FIND US ON THE WEB AT
http://www.HealthPromotionJournal.com

Editor in Chief
Michael P. O’Donnell, PhD, MBA, MPH
Associate Editors in Chief
Jason E. Maddock, PhD
Diane H. Morris, PhD, RD
Shirley A. Musich, PhD
Kerry J. Redican, MPH, PhD, CHES
SECTION EDITORS
Interventions
Fitness
Barry A. Franklin, PhD
Medical Self-Care
Donald M. Vickery, MD
Nutrition
Karen Glanz, PhD, MPH
Smoking Control
Michael P. Eriksen, ScD
Weight Control
Kelly D. Brownell, PhD
Stress Management
Cary Cooper, CBE
Mind-Body Health
Kenneth R. Pelletier, PhD, MD (hc)
Social Health
Kenneth R. McLeroy, PhD
Spiritual Health
Larry S. Chapman, MPH
Strategies
Behavior Change
James F. Prochaska, PhD
Culture Change
Daniel Stokols, PhD
Health Policy
Kenneth E. Warner, PhD
Population Health
David R. Anderson, PhD
Applications
Underserved Populations
Ronald L. Braithwaite, PhD
Health Promoting Community Design
Jo Anne L. Earp, ScD
The Art of Health Promotion
Larry S. Chapman, MPH
Research
Data Base
Troy Adams, PhD
Financial Analysis
Ron Z. Goetzel, PhD
From Evidence-Based Practice to
Practice-Based Evidence
Lawrence W. Green, DrPH
Qualitative Research
Marjorie MacDonald, BN, PhD
Measurement Issues
Shawna L. Mercer, MSc, PhD

