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Abstract
Background: Rising health insurance premiums represent a rapidly increasing burden on employer-sponsors of health insurance
and their employees. Some employers have become proactive in managing health care costs by providing tools to encourage
employees to directly manage their health and prevent disease. One example of such a tool is DASH for Health, an Internet-based
nutrition and exercise behavior modification program. This program was offered as a free, opt-in benefit to US-based employees
of the EMC Corporation.
Objective: The aim was to determine whether an employer-sponsored, Internet-based diet and exercise program has an effect
on health care costs.
Methods: There were 15,237 total employees and spouses who were included in our analyses, of whom 1967 enrolled in the
DASH for Health program (DASH participants). Using a retrospective, quasi-experimental design, study year health care costs
among DASH participants and non-participants were compared, controlling for baseline year costs, risk, and demographic
variables. The relationship between how often a subject visited the DASH website and health care costs also was examined. These
relationships were examined among all study subjects and among a subgroup of 735 subjects with cardiovascular conditions
(diabetes, hypertension, hyperlipidemia). Multiple linear regression analysis examined the relationship of program use to health
care costs, comparing study year costs among DASH participants and non-participants and then examining the effects of increased
website use on health care costs. Analyses were repeated among the cardiovascular condition subgroups.
Results: Overall, program use was not associated with changes in health care costs. However, among the cardiovascular risk
study subjects, health care costs were US$827 lower, on average, during the study year (P= .05; t729 = 1.95). Among 1028 program
users, increased website use was significantly associated with lower health care costs among those who visited the website at
least nine times during the study year (US$14 decrease per visit; P = .04; t1022 = 2.05), with annual savings highest among 80
program users with targeted conditions (US$55 decrease per visit; P < .001; t74 = 2.71).
Conclusions: An employer-sponsored, Internet-based diet and exercise program shows promise as a low-cost benefit that
contributes to lower health care costs among persons at higher risk for above-average health care costs and utilization.
(J Med Internet Res 2009;11(4):e43) doi:10.2196/jmir.1263
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Introduction
Health insurance premiums have risen faster than inflation for
the past 10 years, placing an increasing burden on
employer-sponsors of health insurance and their employees
[1,2]. Some employers have become proactive in managing
health costs, providing tools that encourage employees to
directly manage their health and prevent disease [3]. Examples
include smoking cessation and stress management programs,
gym and health club memberships, and formal disease
management programs, many of which are popular with
employees and improve employee satisfaction. But there is very
little evidence that any of these initiatives actually reduce health
care costs [4].
Recent reviews of employer health promotion programs show
some success in improving employee health and productivity,
but show mixed results as to whether or not these programs
have an impact on health care costs [5]. Employers commonly
offer nutrition education programs [6,7], but there is little
evidence that such programs alter eating behaviors or change
health care costs. Yet rapidly rising rates of overweight and
obesity can contribute to a number of high-cost chronic diseases
(eg, diabetes, hypertension, heart disease), increasing the
likelihood that health care costs for these already highly
prevalent and expensive conditions will increase dramatically
in the future.
To address the issue of poor nutrition and the diseases associated
with it, we designed an Internet-based nutrition and exercise
behavior modification program called DASH for Health. Our
program was based on the National Heart Lung and Blood
Institute (NHLBI) DASH diet, which was originally developed
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to lower blood pressure and which has been demonstrated in
randomized controlled trials to lower blood pressure and
cholesterol levels and heighten insulin sensitivity [8-12]. We
developed the Web-based DASH for Health program in
collaboration with EMC Corporation, a Massachusetts-based
global information infrastructure company. The program was
offered as a free employee benefit to US-based EMC employees
and their family members, who could opt-in to the program and
were free to use the program however intensely they chose.
Employees and their spouses were eligible to enroll in the
program at the beginning of the calendar year in which it was
offered. During the first year this program was offered at EMC
Corporation (the same year that the health costs reported in this
paper were collected), enrollees in the program were found to
have significantly lost weight, lowered their blood pressure,
and improved their healthy eating habits [11]. Examples of
articles provided on the DASH for Health website are shown
in Figure 1 and Figure 2.
To determine whether an Internet-based behavior modification
program like DASH for Health has any effect on health care
costs, we analyzed the costs for EMC employees and their
spouses during the 12 months preceding the initial launch of
the DASH for Health program and during the 12 months
following the launch. The baseline year was the 12 months
immediately preceding the initial launch of the program, and
the study year was the 12 months immediately following the
launch. We compared health care costs of those who participated
in the DASH for Health program with those of nonparticipants.
We analyzed costs for all study subjects and then performed a
more focused analysis on employees and spouses with medical
conditions (hypertension, hyperlipidemia, and/or diabetes)
targeted by the DASH program.
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Figure 1. Example of article provided on the DASH for Health website
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Figure 2. Example of article provided on the DASH for Health website

Methods
Study Setting
The DASH for Health website was developed by a team at
Boston University School of Medicine (BUSM). The website
provides tools for enrollees to record and follow their body
weight, blood pressure, eating habits, and exercise habits as
well as providing a variety of healthy recipes based on the
DASH diet. These tools include easy-to-use entry fields for
entering weight, blood pressure, 24-hour food recall, and
exercise habits. Although enrollees were encouraged to use
these data “progress reports” as a means of encouraging their
adherence to the program, there were no requirements or set
expectations of how often enrollees would enter their own data.
The website also provides two new articles each week on
improving nutritional habits (based on the DASH diet) or healthy
exercise. Everyone who enrolls in the program gets a reminder
email each time a new article is posted on the website. The
website is hosted at SignalZ Corporation (Montpelier, VT,
USA). Self-reported data on demographics (age, gender, and
employee/dependent status) and website visits during each year
were collected by SignalZ and transferred to the research team
http://www.jmir.org/2009/4/e43/
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at BUSM. Because enrollees had to enter the site using their
username and password, standard website monitoring software
was used to track how many times a particular enrollee visited
the site. We define a “visit” as a unique instance of an enrollee
logging on to the site.
When the program was about to launch, EMC Corporation
informed employees that DASH for Health would be available
at no cost to them and their adult household members. EMC
had no other role in the program. EMC management had no
access to the identities of the subjects or to their medical data.
Once the program began, the employer took no role in
encouraging website usage. The announcing emails from EMC
leadership clearly stated that the employer would not know any
enrollee’s individual data or the identities of people who did
and did not enroll.
EMC’s clinical data warehouse, Ingenix, provided demographic
and medical and pharmacy cost data for employees and their
adult dependents. These data included date of birth, gender, and
employee status. D2Hawkeye, a medical analytics firm
specializing in data warehousing and health claims analysis,
provided data cleansing services and summarized study subjects’
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demographic information, condition specific diagnoses, and
total health care costs. D2Hawkeye calculated a risk adjustment
factor for each study subject, using a proprietary methodology
that combines diagnostic, procedural, and pharmacy information
in health claims data with pattern recognition and times series
analysis. The risk index provides a single representation of an
individual’s disease burden and has been shown to correctly
distinguish high-cost and low-cost persons 77% of the time.
Additionally, the likelihood that an individual will be in a
high-cost group increases as the risk index value increases. We
used an extension of the risk index, the adjusted risk index
(ARI), which incorporates assessments of gaps in care (medical
or pharmaceutical) for various conditions [13].
We used individual subject-level linkages to merge data on
DASH for Health participants’ website visit frequency with
health care cost data and other variables. A subset of study
subjects was identified with evidence of diabetes, hypertension,
or hyperlipidemia, conditions that could be expected to benefit
from the improved dietary behaviors that are encouraged by the
DASH for Health program. This subset is referred to as the
cardiovascular (CV) risk group. Data were managed and
analyzed using SAS, version 9.1.3 (SAS Institute Inc, Cary,
NC, USA). Approval for this study was obtained from the
Boston University Institutional Review Board.
Study subjects with missing data for key fields such as age,
employee status, or gender were excluded, as were DASH
participants with no matching entries in the health care cost
files. These enrollees were either not covered by the EMC
insurance plan or were not affiliated with EMC at the end of
the study period. The study was limited to study subjects with
health care costs in both study years to ensure that those with
bad claims data reported as negative or zero amounts were
excluded from the analysis and to increase the likelihood that
the analysis was restricted to those with primary insurance
coverage through EMC. Information on job classification was
not included since baseline year health care costs and risk
assessment are proximal for our analysis.
The total number of EMC employees and their spouses was
29,675, of which approximately 75% (n = 22,354) were reported
to have received health coverage through EMC and had health
care costs in the baseline or study year. Sixty-eight percent (n
= 15,237) of these subjects had costs in both years. Additionally,
3797 EMC employees or spouses enrolled in the DASH for
Health program and used the DASH program website at least
once in the study year (DASH participants). Seventy-three
percent (n = 2756) of these DASH participants were found in
the health claims summary file, and 71% (n = 1967) of these
2756 had health care costs in both years. The final study sample
(N = 15,237, DASH = 1967, non-DASH = 13,270) also reflected
the restrictions described above.

Analysis
In univariate analyses to describe our sample, we generated
means and standard deviations for continuous variables and
counts with percentages for categorical variables. We used
bivariate analyses to examine the relationships among
demographic, annual health care cost, and website usage data
for 15,237 study subjects over the 2-year baseline and study
http://www.jmir.org/2009/4/e43/
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year period. In these analyses, we employed chi-square tests
for analyses of categorical data and two-sample t tests for
comparisons of continuous by categorical variables. Multiple
linear regression analysis examined the relationship of DASH
program enrollment with study year health care costs, controlling
for other salient factors. To control for potential bias of
self-selection of the DASH participants, we used a logistic
regression model to construct a propensity score that represented
the likelihood of participation in the DASH program. Studies
that use observational data, as ours does, are subject to bias
because the “treatment” and “control groups” are not randomly
assigned and may differ in ways that affect the outcome of
interest. A propensity score, which represents the conditional
probability of receiving a given treatment, given a vector of
measured covariates, is frequently used in such studies to adjust
for differences in the observed characteristics between the
treatment and the control groups. Our use of logistic regression
is one of several recommended approaches for determining the
propensity score [14].
All available study variables were included in the propensity
score model (baseline year risk index and ARI, baseline year
costs, age, gender, and employee status). We then used a linear
regression model to compare study year costs among DASH
and non-DASH participants, controlling for age, gender, ARI,
baseline year costs, and likelihood of DASH participation
(propensity score). In this model, study year total health care
costs was the dependent (outcome) variable; independent
(predictor) variables were DASH participation, age, gender,
employee status, baseline year ARI, and baseline year total
health care costs. Next, because stronger effects of an
intervention are often observed in the most compliant or frequent
participants, we examined whether more frequent use of the
website than is typical is more strongly associated with reduced
costs among DASH participants than across the full range of
website use overall. For this, we used a similar linear regression
analysis to evaluate the relationship of website usage intensity
at or above the median to health care costs in the study year.
Study year total health care costs was the dependent variable;
independent variables were number of website visits, age,
gender, employee status, baseline year ARI, and baseline year
total health care costs. We repeated these analyses using the
735 DASH CV risk group and non-DASH CV risk group study
subjects who showed evidence in both study years of diabetes,
hyperlipidemia, or hypertension.
To address the skewed distribution of the cost data, baseline
and study year costs in all analyses were top-coded at
US$25,000, which represents the 99th percentile of annual
health care costs in our study population. Website usage was
top-coded at 75 website visits to address skewness. The analyses
were repeated using trimming to remove high-cost outliers,
using the entire study population and using top-coding at other
thresholds. As top-coding is recommended for reducing the
effects of high-cost outliers on model results while retaining
useable observations, we report results of those analyses here.
Our choice of US$25,000, or the 99th percentile, is also
consistent with others [15-17].
As part of model development, we added interaction terms as
covariates and conducted additional analyses where we limited
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(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Sacks et al

study subjects to employees, males, and male employees,
reflecting the larger number of employees and males in the study
group. To account for nonlinear effects of DASH participation
and website use intensity, we grouped study year costs into
quartiles; we also grouped website visits and study year costs
into quartiles. There were no differences suggesting that the
interaction terms, study population restrictions or groupings
should be included in the final model as none of these
modifications affected the results. We repeated the analyses we
report here using square root and log transformations for all
cost variables because of their good performance with
heteroscedastic health care cost data [18]. Our results based on
the transformed data were similar to those observed using the

untransformed data. Thus, to allow for ease of interpretation,
we present results here for the untransformed data.

Results
All Study Subjects
Demographic, ARI, and baseline medical and pharmacy cost
information were gathered for all study subjects (N = 15,237)
and for the subgroup of subjects with CV risk conditions (N =
735). These measures were also examined for DASH (N = 1967)
and non-DASH (N = 13,270) participants overall and in the CV
risk group (DASH: N = 134; non-DASH: N = 601). These
results are shown in Table 1.

Table 1. Baseline characteristics of DASH and non-DASH participants
All Study Subjects
Total
(N = 15,237)

CV Risk Subgroupa
DASH Participants

Non-DASH Participants

(N = 1967)

(N = 13,270)

Total

DASH Participants

(N = 735)

(N = 134)

Non-DASH Participants
(N = 601)

Cost baseline year (US$)
mean (SD)

2684 (7164)

2181 (4351)

2758 (7489)

5663 (10,089)

4239 (6335)

5980 (10,727)

P25/P50/P75b

327/934/2612

345/933/2224

324/935/2563

1401/2772/5783

1002/2028/4527

1490/2849/6020

Cost DASH year (US$)
mean (SD)

2814 (7835)

2413 (4315)

2879 (8228)

5929 (13,611)

3425 (3667)

6487 (14,897)

P25/P50/P75

358/1006/2621

442/1145/2700

347/981/2607

1394/2681/5755

1146/2318/4222

1467/2848/6152

mean (SD)

3.70 (6.80)

3.52 (6.04)

3.72 (6.91)

12.14 (13.70)

10.10 (9.73)

12.59 (14.41)

P25/P50/P75

1/1/3

1/1/3

1/1/3

3/7/16

2/6/14

3/8/17

mean (SD)

40.2 (9.2)

40.7 (9.1)

40.1 (9.2)

47.5 (8.54)

46.1 (8.28)

47.8 (8.57)

P25/P50/P75

33/40/46

34/41/47

33/40/46

42/49/54

41/47/52

42/49/54

Male

46 (7041)

56 (1116)

45 (5925)

65 (476)

73 (98)

63 (378)

Female

54 (8196)

44 (851)

55 (7345)

35 (259)

27 (36)

37 (223)

Baseline year ARI

Age (years)

Gender, % (no.)

Enrollment status, % (no.)
Employee

55 (8384)

84 (1659)

51 (6725)

64 (469)

85 (114)

59 (355)

Spouse

45 (6853)

16 (308)

45 (6853)

36 (266)

15 (20)

41 (246)

mean (SD)

N/Ac

12.0 (17.0)

N/A

N/A

16.9 (26.3)

N/A

P25/P50/P75

N/A

3/9/12

N/A

N/A

3/9/17

N/A

Website visits

a

CV risk group subjects show evidence of hyperlipidemia, hypertension, and/or diabetes in both years.

b

P25/P50/P75 equals 25th, 50th, and 75th percentiles.

c

Not available.

Among the 15,237 study subjects, 55% (n = 8384) were
employees, while 45% (n = 6853) were spouses. The overall
study sample was 46% male (n = 7041), with an average age
of 40.2 years. Average total baseline year health care costs were
US$2684. A slightly higher proportion of the DASH participants
was male, compared to the non-DASH participants (56% vs
http://www.jmir.org/2009/4/e43/
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45%). The average age of the DASH participants was 40.7 years,
slightly higher than the non-DASH participants (40.1 years).
DASH participants were mostly employees (84%; n = 1659).
DASH participants had a mean ARI of 3.52, which was slightly
lower than the mean ARI for the non-DASH participants (3.72).
Average total costs among DASH participants in the baseline
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year were lower than among the non-DASH participants
(US$2181 vs US$2758).
Table 1 also shows demographic, ARI, and baseline year health
care costs for the DASH and non-DASH CV risk groups. This
subgroup was 65% male (n = 476) and 64% employees (n =

469), with an average age of 47.5 years, older than the overall
study sample. The mean baseline year ARI of 12.14 (DASH:
10.10, non-DASH: 12.59) was also higher than in the general
study sample, as were mean total baseline health care costs
(overall: US$5663; DASH participants: US$4239, non-DASH:
US$5980).

Table 2. Predictors of costs in DASH year: DASH vs non-DASH (overall and CV risk group)a
All Study Subjects

CV Risk Group

(N = 15,237)

(n = 735)

Difference in Mean Study Year P (tc)
Costb (SE)

Difference in Mean Study Year

DASH use vs non-used

$85.14 ($90.83)

.35 (0.94)

−$826.95 ($424.81)

.05 (1.95)

Age

$8.18 ($3.31)

.01 (2.47)

$50.40 ($25.85)

.05 (1.95)

Male vs female

−$453.05 ($156.98)

.004 (2.89)

$88.90 ($645.85)

.89 (0.14)

−$136.45 ($370.54)

.72 (0.37)

−$2862.85 ($1564.49)

.07 (1.83)

Baseline year ARI

$123.46 ($5.92)

< .001 (20.85)

$133.69 ($17.61)

< .001 (7.59)

Baseline year costf

$0.29 ($0.01)

< .001 (29.00)

$0.34 ($0.04)

< .001 (8.50)

Employee vs non-employee
e

b

P (tc)

Cost (SE)

a

Baseline and study year costs top-coded at US$25,000; study year website visits top-coded at 75; probability of DASH participation included as model
covariate (not shown).
b

For age, ARI, baseline year cost: difference in mean study year costs per unit difference; unit is one year (age), one integer (ARI), one US dollar
(baseline year cost).
c

Degrees of freedom = n − 6.

d

DASH participants’ health care costs were, on average, US$85 higher than those of nonparticipants, although this result was not statistically significant.

e

Higher baseline year ARI increases were associated with higher study year costs. On average, study year costs increased US$123 with each additional
unit increase in the baseline year ARI. A unit refers to an integer; as an example, an ARI of 10 is one unit greater than an ARI of 9.
f

Higher baseline year health care costs were associated with higher study year costs. On average, study year costs were US$0.29 higher for each
additional dollar in baseline year cost.

The results of the linear regression analysis of study year costs
for DASH vs non-DASH in the full sample are shown in Table
2. Among all study subjects, DASH participation was associated
with increased health care costs, although this result was not
statistically significant (difference in mean costs, DASH vs
non-DASH = US$85.14; P = .35). Model covariates associated
with significantly higher study year costs were older age (P =
.01), being female (P = .004), higher baseline ARI (P < .001),
and higher baseline year costs (P < .001).
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Results of the linear regression analysis of study year costs for
DASH and non-DASH CV risk group study subjects are also
shown in Table 2. DASH CV risk group members’ study year
health care costs were US$827 lower, on average, than those
of the non-DASH CV risk group members (P = .05). Higher
baseline year ARI was significantly associated with higher study
year costs, with each additional unit of risk associated with an
increase, on average, of US$134 (P < .001). Each additional
dollar in baseline year costs was associated with an additional
US$0.34, on average, in study year costs (P < .001).
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Table 3. Cost in DASH year as a function of intensity of website use, adjusting for covariatesa
All DASH Participants

CV Risk Group

(n = 1967)

(n = 134)

Difference in Mean Study Year P (tc)
Costb (SE)

Difference in Mean Study Year

−$6.66 ($5.34)

.21 (1.25)

−$28.45 ($14.61)

.054 (1.95)

Agee

$34.07($8.05)

< .001 (4.23)

$17.50 ($31.57)

.58 (0.55)

Male vs female

−$458.43 ($161.07)

.005 (2.85)

−$1121.62 ($686.75)

.11 (1.63)

Employee vs non-employee

$66.82 ($215.01)

.76 (0.31)

−$39.67 ($861.64)

.96 (0.05)

Baseline year ARIf

$60.24 ($16.74)

< .001 (3.60)

$54.48 ($36.69)

.14 (1.48)

Baseline year costg

$0.30 ($0.03)

< .001 (10.00)

$0.34 ($0.07)

< .001 (4.86)

Change in costs per website

Costb (SE)

P (tc)

d

visit

a

DASH Participants Website Use at or Above Medianh

CV Risk Group Website Use at or Above Medianh

(n = 1028)

(n = 80)

Difference in Mean Study Year P (td)
Costb (SE)

Difference in Mean Study Year

Change in costs per website
visit

−$14.26 ($6.97)

.04 (2.05)

−$54.61 ($20.16)

.01 (2.71)

Age

$49.22 ($11.87)

< .001 (4.15)

$18.69 ($47.47)

.70 (0.39)

Male vs female

−$444.33 ($230.67)

.05 (1.93)

−$1855.55 ($940.40)

.05 (1.97)

Employee vs non-employee

$141.08 ($301.12)

.64 (0.47)

$757.00 ($1286.59)

.56 (0.59)

Baseline year ARI

$109.73 ($26.49)

< .001 (4.14)

$98.59 ($55.97)

.08 (1.76)

Baseline year cost

$0.24 ($0.04)

< .001 (6.00)

$0.25 ($0.12)

.04 (2.08)

Costb (SE)

P (td)

Baseline and study year costs top-coded at US$25,000; study year website visits top-coded at 75.

b

For number of website visits, age, ARI, baseline year costs: difference in mean study year costs per unit difference; unit is one year (age), one integer
(ARI), one US dollar (baseline year cost).
c

Degrees of freedom = n − 6.

d

Among all DASH participants, each additional website visit was associated, on average, with a US$6.66 decrease in study year health care cost. This
result was not statistically significant. Among CV risk group DASH participants, each additional website visit was associated with a US$28 decrease
in study year cost; this result was not statistically significant at the P < .05 level. Among DASH participants who visited the website at least the median
number of times during the study year (nine visits), each additional visit was associated with a US$14 study year cost decrease. Among CV risk group
DASH participants who visited the website at least the median number of times for the CV risk group (also nine visits), each additional visit was
associated with a US$55 decrease in study year cost.
e

Among all DASH participants, each additional year of age was associated with US$34, on average, higher study year health care cost. Among DASH
participants who visited the website nine or more times during the study year, each additional year of age was associated with US$49 higher study year
health care cost. Among CV risk group DASH participants, the relationship of age to study year health care costs was not statistically significant at the
P < .05 level.
f

Among all DASH participants, each additional increment in baseline year ARI was associated with US$60 higher study year health care cost.

g

Each additional dollar in baseline year costs was associated with increased study year health care costs as follows: US$0.30 among all DASH participants;
US$0.34 among CV risk group DASH participants; US$0.24 among DASH participants who visited the website at least nine times; US$0.25 among
CV risk group DASH participants who visited the website at least nine times.
h

Median website usage for all DASH and CV risk group DASHparticipants: nine visits.

Results of the analyses of intensity of website usage and study
year costs are shown in Table 3. Among 1967 DASH
participants, each additional website visit was associated with
almost a US$7 decrease in study year health care costs, but this
result was not statistically significant (P = .21). Among
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participants whose website usage was at or above the nine-visit
study year median (n = 1028), each additional website visit was
associated with a US$14 decrease in health care costs on average
(P = .04).
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Figure 3. CV risk group change in unadjusted total costs from baseline to DASH study year in DASH participants vs nonparticipants

Figure 3 compares the change in crude study year costs, relative
to baseline year costs, among DASH participants versus
nonparticipants in the CV risk group. Among DASH CV risk
group participants, study year health care costs were US$814
lower than baseline year costs. Among DASH nonparticipants,
study year costs were US$507 higher than baseline year costs.
These results are not adjusted to control for age, gender,
employee status, or baseline ARI.
Results of the analysis of website use intensity in the DASH
CV risk group are also shown in Table 3. Among the 134 DASH
CV risk group members, each additional website visit was
associated with a decrease of approximately US$28 in health
care costs (P = .05). Among those who used the website at least
the median number of nine times during the year (n = 80), each
additional visit was associated with a US$55 decrease in study
year costs (P = .01).

Discussion
We did not find DASH participation to be associated with lower
health care costs in the overall study sample. With an average
age of 40 years, an average ARI of 3.7, and minimal health
services utilization, this study sample is relatively young and
healthy. The significance of higher baseline year risk and costs,
female gender, and increasing age as predictors of study year
costs is consistent with a relatively young, commercially insured
population. Improvements in diet and exercise habits would not
be expected to address the highest expenditures in this
group—pregnancy and childbirth, depression, and back pain.
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We found suggestive evidence that DASH program use was
associated with decreased health care spending among study
subjects with CV risk. Within the DASH CV risk group,
participants’ study year health care costs were US$827 lower
than for the DASH nonparticipants. Although this result only
achieved a significance level of P = .05, the reduction in mean
costs from DASH participation (US$827), which was nearly
twice the standard deviation (US$425), indicates that the effect
size is quite large; the model R-square, 39%, is also noteworthy.
Improvements in diet and exercise would be expected to address
health care expenditures among study subjects with
hyperlipidemia, hypertension, or diabetes. This subgroup is
older (average age 47 years) and less healthy, with a baseline
year ARI more than three times that of the general study sample.
We also found evidence suggestive of a dose-response
relationship. Among DASH participants who visited the website
at least nine times during the study year, each additional visit
was associated with lower study year costs overall (P = .04)
and in the DASH CV risk group (P = .01). Evidence of this
dose-response was strongest among the DASH participants in
the CV risk group, where each additional website visit was
associated with a US$55 decrease in study year health care costs
(P = .01).
The DASH CV risk group participants’ baseline ARI (10.10)
suggests that they may be less sick than the non-DASH CV risk
group (baseline ARI = 12.59). However, the DASH CV risk
group, with conditions targeted by the DASH program, was the
only subgroup that showed a decrease in health spending. Health
care costs among DASH enrollees decreased 24% between the
baseline (US$4239) and study years (US$3425) in the DASH
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CV risk group. By contrast, health spending increased US$507
(8%) in the non-DASH CV risk group and approximately
US$130 per person (4.8%) across the general study sample.
We also found evidence of selective enrollment in the DASH
program by study subjects with hypertension, hyperlipidemia,
and diabetes. Despite being offered as a benefit to all employees
and their dependents, participation in DASH for Health was
proportionally higher (18%) among individuals with CV risk
conditions (ie, those who might benefit most from nutrition
improvement) than it was among individuals without those
conditions, of whom 13% signed up for the DASH program (P
< .001). For employers interested in offering benefit programs
equally to all employees rather than targeting a selected subset
of the employee population, this finding provides evidence that
the DASH for Health program benefits the subset of the
employee population whose health risks are of concern and
whose health status is targeted by the program.
Our results expand on the already-published reports that
Internet-based programs can have positive effects on clinical
parameters such as weight and blood pressure [11,19-22] and
contribute to our understanding of the effects of nutrition, weight
management, and exercise programs on health care costs in
targeted populations [23-26], including workplace populations
[3,27-32].
Several
recent
studies
indicate
that
workplace-sponsored, Web-based programs can lead to these
improvements in clinical parameters [11,33-36]. Our focus on
the effects of an employer-sponsored, Web-based diet and
exercise program on health care costs also expands our
understanding of the effects of employer benefits that encourage
employees to better manage their health status and contain health
care costs. Hsu et al [37] observed significant increases in
nonpharmaceutical health care expenses over a short time period
among persons with chronic conditions who reduced their
prescription medication use in response to increased cost sharing
in benefit design. By contrast, regular use of the DASH for
Health program may encourage health behavior changes that
result in cost savings among persons with chronic conditions
in a similarly short time frame. The benefits of DASH
participation among healthier, younger enrollees may be evident
over a longer time period than the year evaluated for this study.
Employers, particularly those who are self-insured, may be
interested in both short- and long-term employee costs and
health status and choose to invest in health status improvements
that will show benefits over the long term [38-40].

Limitations
A number of study limitations should be noted. Our analysis
used observational data and is vulnerable to selection effects,
which represent the largest threat to validity in observational
studies. Our use of a control group and a pre-test, coupled with
our use of a propensity score, are standard mechanisms for
addressing selection bias in quasi-experimental study designs.
However, our model would not control for the possibility that
study subjects who were motivated to manage their CV risk
conditions were more likely to enroll in DASH for Health and
would visit the website more often. However, it is unlikely that
our finding that even moderate use of the DASH for Health
program is associated with lower health care costs is attributable
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to motivation and not to participation in the program. This
finding is consistent with clinically oriented studies of the DASH
diet program indicating that the DASH diet is associated with
improved blood pressure, lower cholesterol levels, and increased
insulin sensitivity. Such clinical improvements would be
expected to be associated with lower health care costs.
Several other limitations should be noted. First, the study sample
was limited to persons with health care costs in both years. The
proportion of study subjects with costs in only one year (costs
in baseline year only: 90%; costs in study year only: 79%) is
consistent with the national Medical Expenditure and Panel
Survey (MEPS) data indicating that 11% of commercially
insured persons do not use health services in a given year.
D2Hawkeye received and cleaned the source claims data and
reported that the proportion of study subjects with zero costs
was higher than expected. Because the data could not be sent
back to the data warehouse for review, we chose to restrict the
study to persons with costs in both years. In analyses with all
study subjects, including those with no costs in either or both
years, costs for all DASH participants were significantly lower
than for non-DASH participants, and the cost savings were
higher among DASH participants with CV risk conditions.
(Results available on request.) Restricting study subjects to
those with costs understates the effects of the DASH program
on costs. Second, our analysis compares study subjects who
visited the DASH website at least once with those who did not
visit it at all. However, subjects who visited the website once
during the study year would not be expected to benefit from the
nutrition and exercise education that the DASH for Health
website program offers. Our finding of a dose-response effect
would be strengthened by the inclusion of subjects who signed
up for the program but never visited the website. From the
perspective of benefit design, this effect would be more useful
for guiding planning or coaching efforts. Third, our propensity
score is based only on available data and therefore may not
completely address potential selection bias. It is possible that
DASH participants with CV risk conditions would have had
decreased health care costs without participation in DASH.
However, the clinically observable effects of the DASH diet on
CV risk conditions make this result less likely. Fourth, our
results are based on all health care costs for all conditions. Costs
for conditions targeted by the DASH diet cannot be
distinguished from costs for medical conditions that are not
likely to benefit from improved diet, such as pregnancy and
childbirth and back pain. However, the dose-response effect
among participants who use the DASH website more often and
the increasing significance of additional website usage in the
DASH CV risk group suggest that participation in the DASH
program is related to decreases in health care costs among
persons at higher risk for health care expenses. We performed
additional analyses of the effects of DASH participation on
study year costs for subjects with different baseline year risk
levels. Based on the regression model, at higher levels of
baseline year risk, DASH participants had significantly lower
study year costs than nonparticipants. (Results available on
request.) These results are of particular interest given that higher
levels of baseline year risk are predictive of higher costs [13].
Finally, study year costs include health care costs incurred
during the initial enrollment period. The effects of DASH for
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Health program participation would not expected to be evident
during the initial launch of the program or during the first few
months of the year. However, this limitation suggests that our
study results understate the effects of DASH for Health program
participation since they include this initial time frame.
Our focus on short-term cost savings does not examine whether
these savings are offset by increases in other costs [40].
Although the DASH for Health program is relatively
inexpensive, further study to evaluate its cost-effectiveness as
a corporate benefit would be beneficial. Finally, the study
sample was limited to employees at one technology firm and
their dependents. Our study results may not be generalizable to
persons without employer-based insurance or to adults who are

Sacks et al
less comfortable using the Internet for information about diet,
exercise, and health management. Research into the effectiveness
of DASH for Healthin other populations is warranted.

Conclusions
Use of an Internet-based program that targets changes in diet
and exercise to reduce weight, cholesterol, and blood pressure
shows evidence of reducing short-term health care costs among
persons at high risk for health care expenditures with conditions
targeted by the diet. Offering access to a website with diet and
exercise information appears to have promise as a low-cost,
employer-sponsored benefit that contributes to lower health
care costs among persons at higher risk for above-average health
costs and utilization.

Acknowledgments
We wish to thank Diana Lehman for her assistance in preparing this manuscript; Jack Mollen, Lauri Tenney, and Leslie Berger
for their help in introducing the DASH for Health program at EMC Corporation; and Binod Bhattarai for claims data analysis
guidance at D2 Hawkeye, Inc. The development of the DASH for Health™program was supported by donations from several
companies that produce or promote healthy food products (Cabot Cheese, California Table Grape Commission, ConAgra Foods,
Dannon, Diamond Nuts of California, Florida Department of Citrus, Garelick Farms, General Mills, International Banana
Association, Minute Maid, National Dairy Council, The Peanut Institute, Sunkist, and SunMaid) as well as donations from EMC
Corporation and Stop and Shop supermarkets.

Conflicts of Interest
Dr. Moore is Chairman of E-Havior Change, LLC, which owns the copyright to the DASH for Health™ program.

References
1.

2.
3.
4.
5.
6.

7.

8.

9.

10.

11.

; Kaiser Family Foundation and Health Research & Educational Trust. Employer Health Benefits: 2008 Annual Survey.
Menlo Park, CA: The Henry J. Kaiser Family Foundation; 2008. URL: http://ehbs.kff.org/pdf/7790.pdf [accessed 2009-05-05]
[WebCite Cache ID 5gXrWjDl3]
Kaiser Family Foundation. 2009. Trends in Health Care Costs and Spending. URL: http://www.kff.org/insurance/upload/
7692_02.pdf [accessed 2009-05-05] [WebCite Cache ID 5gXrkt8a1]
Okie S. The employer as health coach. N Engl J Med 2007 Oct 11;357(15):1465-1469. [Medline: 17928592] [doi:
10.1056/NEJMp078152]
Mattke S, Seid M, Ma S. Evidence for the effect of disease management: is $1 billion a year a good investment? Am J
Manag Care 2007 Dec;13(12):670-676 [FREE Full text] [Medline: 18069910]
Goetzel RZ, Ozminkowski RJ. The health and cost benefits of work site health-promotion programs. Annu Rev Public
Health 2008;29(1):303-323. [Medline: 18173386] [doi: 10.1146/annurev.publhealth.29.020907.090930]
Buller DB, Morrill C, Taren D, Aickin M, Sennott-Miller L, Buller MK, et al. Randomized trial testing the effect of peer
education at increasing fruit and vegetable intake. J Natl Cancer Inst 1999 Sep 1;91(17):1491-1500 [FREE Full text]
[Medline: 10469751] [doi: 10.1093/jnci/91.17.1491]
Byers T, Mullis R, Anderson J, Dusenbury L, Gorsky R, Kimber C, et al. The costs and effects of a nutritional education
program following work-site cholesterol screening. Am J Public Health 1995 May;85(5):650-655 [FREE Full text] [Medline:
7733424] [doi: 10.2105/AJPH.85.5.650]
Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, et al. A clinical trial of the effects of dietary
patterns on blood pressure. DASH Collaborative Research Group. N Engl J Med 1997 Apr 17;336(16):1117-1124 [FREE
Full text] [Medline: 9099655] [doi: 10.1056/NEJM199704173361601]
Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, et al; DASH-Sodium Collaborative Research Group.
Effects on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH) diet.
DASH-Sodium Collaborative Research Group. N Engl J Med 2001 Jan 4;344(1):3-10 [FREE Full text] [Medline: 11136953]
Lien LF, Brown AJ, Ard JD, Loria C, Erlinger TP, Feldstein AC, et al. Effects of PREMIER lifestyle modifications on
participants with and without the metabolic syndrome. Hypertension 2007 Oct;50(4):609-616 [FREE Full text] [Medline:
17698724] [doi: 10.1161/HYPERTENSIONAHA.107.089458]
Moore TJ, Alsabeeh N, Apovian CM, Murphy MC, Coffman GA, Cullum-Dugan D, et al. Weight, blood pressure, and
dietary benefits after 12 months of a Web-based Nutrition Education Program (DASH for health): longitudinal observational
study. J Med Internet Res 2008;10(4):e52 [FREE Full text] [Medline: 19073541] [doi: 10.2196/jmir.1114]

http://www.jmir.org/2009/4/e43/

XSL• FO
RenderX

J Med Internet Res 2009 | vol. 11 | iss. 4 | e43 | p.11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
12.
13.

14.

15.
16.
17.
18.

19.
20.

21.

22.

23.
24.

25.

26.

27.

28.
29.

30.
31.
32.
33.

34.

Levitan EB, Wolk A, Mittleman MA. Consistency with the DASH diet and incidence of heart failure. Arch Intern Med
2009 May 11;169(9):851-857. [Medline: 19433696] [doi: 10.1001/archinternmed.2009.56]
Gautam S, Singh S. 2Hawykeye, Inc.. 2008. Predicting Overall and Impactable Future Costs with the D2Hawkeye Risk
Modelling System. URL: http://www.d2hawkeye.com/Web%20files/D2_Risk_Models_White_Paper.pdf [accessed
2009-05-05] [WebCite Cache ID 5gXsHXxAd]
D'Agostino RB. Propensity score methods for bias reduction in the comparison of a treatment to a non-randomized control
group. Stat Med 1998 Oct 15;17(19):2265-2281. [Medline: 9802183] [doi:
10.1002/(SICI)1097-0258(19981015)17:19<2265::AID-SIM918>3.0.CO;2-B]
Zhao Y, Ash AS, Haughton J, McMillan B. Identifying Future High Cost Cases Through Predictive Modeling. Dis Manage
Health Outcomes 2003;11(6):389-397. [doi: 10.2165/00115677-200311060-00005]
Shwartz M, Ash A, Pekoz E. Risk adjustment and risk-adjusted provider profiles. Int J Health Care Technol Manage
2006;7(1/2):15-42. [doi: 10.1504/IJHTM.2006.007871]
Yaisawarng S, Burgess JF. Performance-based budgeting in the public sector: an illustration from the VA health care system.
Health Econ 2006 Mar;15(3):295-310. [Medline: 16331724] [doi: 10.1002/hec.1060]
Montez-Rath M, Christiansen CL, Ettner SL, Loveland S, Rosen AK. Performance of statistical models to predict mental
health and substance abuse cost. BMC Med Res Methodol 2006;6(1):53 [FREE Full text] [Medline: 17067394] [doi:
10.1186/1471-2288-6-53]
Micco N, Gold B, Buzzell P, Leonard H, Pintauro S, Harvey-Berino J. Minimal in-person support as an adjunct to internet
obesity treatment. Ann Behav Med 2007 Feb;33(1):49-56. [Medline: 17291170] [doi: 10.1207/s15324796abm3301_6]
Tate DF, Jackvony EH, Wing RR. Effects of Internet behavioral counseling on weight loss in adults at risk for type 2
diabetes: a randomized trial. JAMA 2003 Apr 9;289(14):1833-1836 [FREE Full text] [Medline: 12684363] [doi:
10.1001/jama.289.14.1833]
Tate DF, Jackvony EH, Wing RR. A randomized trial comparing human e-mail counseling, computer-automated tailored
counseling, and no counseling in an Internet weight loss program. Arch Intern Med 2006;166(15):1620-1625 [FREE Full
text] [Medline: 16908795] [doi: 10.1001/archinte.166.15.1620]
Williamson DA, Martin PD, White MA, Newton R, Walden H, York-Crowe E, et al. Efficacy of an internet-based behavioral
weight loss program for overweight adolescent African-American girls. Eat Weight Disord 2005 Sep;10(3):193-203.
[Medline: 16277142]
Musich SA, Adams L, Edington DW. Effectiveness of health promotion programs in moderating medical costs in the USA.
Health Promot Int 2000;15(1):5-15. [doi: 10.1093/heapro/15.1.5]
Ozminkowski RJ, Goetzel RZ, Wang F, Gibson TB, Shechter D, Musich S, et al. The savings gained from participation in
health promotion programs for Medicare beneficiaries. J Occup Environ Med 2006 Nov;48(11):1125-1132. [Medline:
17099448] [doi: 10.1097/01.jom.0000240709.01860.8a]
Ozminkowski RJ, Ling D, Goetzel RZ, Bruno JA, Rutter KR, Isaac F, et al. Long-term impact of Johnson & Johnson's
Health & Wellness Program on health care utilization and expenditures. J Occup Environ Med 2002 Jan;44(1):21-29.
[Medline: 11802462] [doi: 10.1097/00043764-200201000-00005]
Pelletier KR. A review and analysis of the clinical and cost-effectiveness studies of comprehensive health promotion and
disease management programs at the worksite: update VI 2000-2004. J Occup Environ Med 2005 Oct;47(10):1051-1058.
[Medline: 16217246] [doi: 10.1097/01.jom.0000174303.85442.bf]
Herman CW, Musich S, Lu C, Sill S, Young JM, Edington DW. Effectiveness of an incentive-based online physical activity
intervention on employee health status. J Occup Environ Med 2006 Sep;48(9):889-895. [Medline: 16966955] [doi:
10.1097/01.jom.0000232526.27103.71]
McCarty CA, Scheuer D. Lessons learned from employee fitness programs at the Marshfield Clinic. WMJ 2005
Jul;104(5):61-65. [Medline: 16138518]
Stein AD, Shakour SK, Zuidema RA. Financial incentives, participation in employer-sponsored health promotion, and
changes in employee health and productivity: HealthPlus Health Quotient Program. J Occup Environ Med 2000
Dec;42(12):1148-1155. [Medline: 11125677] [doi: 10.1097/00043764-200012000-00005]
Voit S. Work-site health and fitness programs: Impact on the employee and employer. Work 2001;16(3):273-286. [Medline:
12441457]
Young JM. Promoting health at the workplace: challenges of prevention, productivity, and program implementation. N C
Med J 2006;67(6):417-424. [Medline: 17393702]
Aldana SG. Financial impact of health promotion programs: a comprehensive review of the literature. Am J Health Promot
2001;15(5):296-320. [Medline: 11502012]
Cook RF, Billings DW, Hersch RK, Back AS, Hendrickson A. A field test of a web-based workplace health promotion
program to improve dietary practices, reduce stress, and increase physical activity: randomized controlled trial. J Med
Internet Res 2007;9(2):e17 [FREE Full text] [Medline: 17581811] [doi: 10.2196/jmir.9.2.e17]
Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA. A review of eHealth interventions for
physical activity and dietary behavior change. Am J Prev Med 2007 Oct;33(4):336-345 [FREE Full text] [Medline: 17888860]
[doi: 10.1016/j.amepre.2007.05.007]

http://www.jmir.org/2009/4/e43/

XSL• FO
RenderX

Sacks et al

J Med Internet Res 2009 | vol. 11 | iss. 4 | e43 | p.12
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
35.

36.

37.
38.

39.
40.

Sacks et al

Sternfeld B, Block C, Quesenberry CP, Block TJ, Husson G, Norris JC, et al. Improving diet and physical activity with
ALIVE: a worksite randomized trial. Am J Prev Med 2009 Jun;36(6):475-483. [Medline: 19460655] [doi:
10.1016/j.amepre.2009.01.036]
Block G, Sternfeld B, Block CH, Block TJ, Norris J, Hopkins D, et al. Development of Alive! (A Lifestyle Intervention
Via Email), and its effect on health-related quality of life, presenteeism, and other behavioral outcomes: randomized
controlled trial. J Med Internet Res 2008;10(4):e43 [FREE Full text] [Medline: 19019818] [doi: 10.2196/jmir.1112]
Hsu J, Price M, Huang J, Brand R, Fung V, Hui R, et al. Unintended consequences of caps on Medicare drug benefits. N
Engl J Med 2006 Jun 1;354(22):2349-2359 [FREE Full text] [Medline: 16738271] [doi: 10.1056/NEJMsa054436]
; Kaiser Family Foundation and the National Governors Association Center for Best Practices. Elements of State Health
Reform: Prevention and Wellness as Covered Benefits. Menlo Park, CA: Kaiser Family Foundation; 2007. URL: url:http:/
/www.kaisernetwork.org/health_cast/uploaded_files/060707_kff_nga_transcript.pdf [accessed 2009-05-05] [WebCite Cache
ID 5gXsTEBrm]
Newhouse JP. Consumer-directed health plans and the RAND Health Insurance Experiment. Health Aff (Millwood)
2004;23(6):107-113. [Medline: 15584103] [doi: 10.1377/hlthaff.23.6.107]
Nicholson S, Pauly MV, Polsky D, Baase CM, Billotti GM, Ozminkowski RJ, et al. How to present the business case for
healthcare quality to employers. Appl Health Econ Health Policy 2005;4(4):209-218. [Medline: 16466272] [doi:
10.2165/00148365-200504040-00003]

Abbreviations
ARI: adjusted risk index
BUSM: Boston University School of Medicine
CV: cardiovascular
DASH: Dietary Approaches to Stop Hypertension

Edited by G Eysenbach; submitted 15.05.09; peer-reviewed by G Block; comments to author 07.06.09; revised version received
21.08.09; accepted 27.08.09; published 23.10.09
Please cite as:
Sacks N, Cabral H, Kazis LE, Jarrett KM, Vetter D, Richmond R, Moore TJ
A Web-Based Nutrition Program Reduces Health Care Costs in Employees With Cardiac Risk Factors: Before and After Cost Analysis
J Med Internet Res 2009;11(4):e43
URL: http://www.jmir.org/2009/4/e43/
doi:10.2196/jmir.1263
PMID:19861297

© Naomi Sacks, Howard Cabral, Lewis E Kazis, Kelli M Jarrett, Delia Vetter, Russell Richmond, Thomas J Moore. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 23.10.2009. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2009/4/e43/

XSL• FO
RenderX

J Med Internet Res 2009 | vol. 11 | iss. 4 | e43 | p.13
(page number not for citation purposes)

