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BACKGROUND: Short-term health care costs following
completion of health risk assessments and coaching pro-
grams in the VA have not been assessed.
OBJECTIVE: To compare VA health care expenditures
among veterans who participated in a behavioral inter-
vention trial that randomized patients to complete a HRA
followed by health coaching (HRA + coaching) or to com-
plete the HRAwithout coaching (HRA-alone).
DESIGN: Four-hundred seventeen veterans at three Vet-
erans Affairs (VA) Medical Centers or Clinics were random-
ized to HRA + coaching or HRA-alone. Veterans random-
ized to HRA-alone (n = 209) were encouraged to discuss
HRA results with their primary care team, while veterans
randomized to HRA + coaching (n = 208) received two brief
telephone-delivered health coaching calls.
PARTICIPANTS:We included 411 veterans with available
cost data.
MAIN MEASURES: Total VA health expenditures 6
months following trial enrollment were estimated using a
generalized linear model with a gamma distribution and
log link function. In exploratory analysis, model-based
recursive partitioning was used to determine whether
the intervention effect on short-term costs differed among
any patient subgroups.
KEYRESULTS:Most participantsweremale (85%);mean
age was 56, andmean body mass index was 34. From the
generalized linear model, 6-month estimated mean total
VA expenditures were similar ($8665 for HRA + coaching
vs $9900 for HRA-alone, p = 0.25). In exploratory sub-
group analysis, among unemployed veterans with good
sleep and fair or poor perceived health, mean observed
expenditures in the HRA + coaching group were higher
than in the HRA-alone group ($12,814 vs $7971). Among
unemployed veterans with good sleep and good general
health, mean observed expenditures in the HRA +
coaching group were lower than in the HRA-alone group
($5082 vs $11,612).
CONCLUSIONS: Compared to completing and receiving
HRA results, working with health coaches to set action-
able health behavior change goals following HRA comple-
tion did not reduce short-term health expenditures.
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INTRODUCTION

Health risk assessments (HRA) are increasingly being offered
to employees of large corporations to help predict future health
risks.1 HRAs are often coupled with health management pro-
grams (HMPs) that provide coaching or wellness programs to
help employees act to reduce their health risks. The goal of
HRAs and HMPs is to improve the health of the employee pool
while simultaneously reducing the health care costs for which
employers are responsible.2 There is evidence to suggest that
employees becomemore acutely aware of their modifiable risks
and tend to change their behavior accordingly when they com-
plete HRAs.3 As a result, their utilization of appropriate care
(i.e., outpatient visits) increases,4, 5 and utilization of expensive
care (i.e., hospitalizations) decreases.6 Overall, employee satis-
faction, productivity, and health risk scores improve.7, 8

The association of HRAs and HMPs with health expendi-
tures is unclear because prior studies have found conflicting
results. Two studies reported health expenditure reductions
after HRA and HMP implementation,6, 9 while others showed
consistent increases over several years of follow-up.4, 5, 7, 10, 11

A recent multi-site trial found no association between HMPs
and health care utilization or expenditures.12

TheDepartment of VeteransAffairs (VA) recently completed a
trial in which 417 veterans receiving primary care services at one
of three VA locations were randomized to complete an HRA
followed by telephone-based health coaching, or to complete an
HRA without health coaching.13 Over 6 months, compared to
patients in the HRA-alone group, patients who completed the
HRA+ coaching program had 2.5 times greater odds of enrolling
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in prevention programs, the trial’s main outcome. There was no
difference in Framingham risk score at 6 months, a secondary
outcome of the trial and its main health outcome.
Short-term health care costs following completion of HRAs

and coaching programs in the VA have not been assessed. In
this paper, we compare the 6-month total VA health care
expenditures of veterans randomized to HRA + coaching to
the 6-month expenditures of veterans randomized to HRA-
alone. We also compare mean expenditures in subgroups of
veterans identified using a data-driven method for assessing
heterogeneity of treatment effects. The VA is currently prepar-
ing to roll out HRA + coaching programs to several more
centers, so it is important for the VA to understand the short-
term costs associated with patients who participated in the
HRA + coaching and HRA-alone arms. These results can
inform the budget impacts of individual participating VA
Medical Centers. Our analysis will help the VA predict not
only overall future short-term costs, but also the patient sub-
groups with the highest health care costs following completion
of these programs.

METHODS

Trial Design, Participants, Outcomes, and
Covariates

The ACTIVATE trial was a randomized controlled trial that
evaluated enrollment in structured prevention programs
among veterans receiving a comprehensive HRA and tele-
phone coaching intervention, compared to veterans receiving
the HRAwithout the coaching intervention (usual care).13 The
study was conducted from 2014 to 2016 at three VA primary
care clinics in Ann Arbor, Michigan, Durham, North Carolina,
and Greenville, North Carolina. Veterans were eligible for
inclusion if they were enrolled in primary care at one of these
three locations and had at least one of the followingmodifiable
risk factors: body mass index (BMI) ≥ 30, current smoker, or <
150 min of moderate/vigorous physical activity per week. The
protocol was approved by the VA’s Central IRB. All eligible
patients provided written informed consent prior to
enrollment.
All enrolled veterans (n = 417) completed the VA’s web-based

HRA, HealtheLiving Assessment. This HRA, which is available
via theVA’s patient web portal,14 uses a proprietary riskmodeling
algorithm to determine patients’ “health age” based on lifestyle
choices, family risk, and biological values, as well as information
about the degree to which lifestyle changes can lower their health
age. Veterans in the usual care group received a printed copy of
their HRA output and were encouraged to discuss their results
with their primary care teams. The intervention group received
two telephone calls from a trained health coach. The first tele-
phone call occurred 1 week after the baseline interview and
consisted of setting goals for enrollment in a prevention program,
using a semi-scripted approach.

Using motivational interviewing techniques, coaches
reviewed the HRA results, determined patient preferences
regarding their modifiable risk factors, discussed strategies
for addressing these risk factors, and advised patients on the
prevention programs that would be most helpful for achieving
their goals. Coaches were instructed to assess patient readiness
to enroll in prevention programs and to help patients develop
SMART (small, measureable, attainable, relevant, timely)
goals. The second telephone call, with the same coach, oc-
curred 1 month later. During this call, coaches determined
whether patients had enrolled in one or more prevention
programs. If they had not yet enrolled, coaches used motiva-
tional interviewing to problem-solve and set new SMART
goals. Further details about these telephone calls have been
previously published.13 After 6 months, the intervention group
had higher rates of self-reported enrollment in prevention
programs (51% vs 29%, odds ratio (OR) = 2.5; 95% confi-
dence interval (CI) 1.7, 3.9; p < 0.0001) and greater mean
increase in Patient Activation Measure (PAM).13 The PAM
measures patients’ knowledge, skills, beliefs, and confidence
in managing their health and has been previously validated.15,
16

Sociodemographic characteristics collected at baseline in-
cluded age, race, ethnicity, gender, marital status, education,
employment, and adequacy of income. Clinical characteristics
collected at baseline included physical activity, Medical Out-
comes Study Sleep Score,17 smoking status, alcohol intake,
health age, perceived general health, depressive symptoms,
pain level, body mass index, diabetes status, use of antihyper-
tensives, blood pressure, total cholesterol, and high-density
lipoprotein. Baseline Framingham 10-year cardiovascular risk
score18 and PAMwere also included. Veterans were also asked
at baseline about their numeracy skills, health literacy, and
computer literacy.
Total VA expenditures were calculated from the day

of enrollment in the study to 6 months after enrollment.
Expenditure data were obtained from the VINCI Data
Manager19 and included VA outpatient care, VA outpa-
tient prescription medications, VA inpatient care, and
community-based care purchased by the Fee Basis VA
program. VA expenditures are derived using a top-down
accounting method that disaggregates direct and indirect
expenditure estimates from the annual Congressional
allocation for each VA product or service. The total
expenditure outcome was created by summing expendi-
tures from each component for each veteran. All costs
were adjusted to 2016 dollars using the consumer price
index from the Bureau of Labor Statistics.20 We were
unable to obtain cost data on six patients due to patient
withdrawal post-randomization, so the analysis included
411 of the 417 enrolled veterans. This analysis was
conducted from a VA payer perspective for which total
expenditures were the most relevant economic outcome,
rather than cost-effectiveness or cost of implementing
the intervention.
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Statistical Analysis

We examined differences in 6-month total VA expenditures
between treatment arms, adjusting for study site, using a gener-
alized linear model with a gamma distribution and log link using
the SAS procedure PROC GENMOD. The model specification
was chosen based upon tests following Manning and Mullahy.21

To examine whether veteran subgroups responded favor-
ably to the HRA + coaching intervention or HRA-alone, we
performed an exploratory analysis in which we identified
subgroups using a data-driven method of model-based recur-
sive partitioning (MoB). MoB splits patients into subgroups
based on the full set of available covariates and identifies
subgroups based on covariates that provide the greatest dis-
crimination in VA expenditure differences between the two
interventions.22 A regression model of the treatment effect
upon the outcome fit within each subgroup is repeated within
each of the resulting subgroups until the best model fit is
achieved. MoB yields a regression-based tree, with each ter-
minal node representing a subgroup experiencing different
effects of health coaching on total VA expenditures. MoB
was implemented using a gamma distribution with a log link
via the glmtree function in the R package partykit version 1.2-
4.23 A total of 28 baseline covariates were included as poten-
tial partitioning variables. Results are shown graphically as a
regression-based tree and summarized bymean observed costs
of patients in each arm for the resulting subgroups. Statistical
analyses were performed using SAS for Windows (version
9.4: SAS Institute, Cary, NC) and R version 3.5.2.

RESULTS

Baseline Patient Characteristics

The vast majority (85.4%) of participants were male (Table 1),
with a mean age of 55.8 (standard deviation [SD] = 12.2),
mean HRA-generated health age of 60.4 (SD = 12.7), mean
body mass index (BMI) of 33.8 (SD = 6.4), and mean 10-year
cardiovascular risk score from the Framingham Risk Score of
22.2% (SD = 16.7). Over a third of veterans were employed
part- or full-time (37.3%) and 26.5% of veterans reported
inadequate income, poor or fair health (30.5%) and tobacco
use (39.7%). Baseline patient characteristics differ slightly
from prior reports from the ACTIVATE trial,13 due to a small
difference in sample size (417 vs. 411).

Cost Outcomes

Mean unadjusted 6-month expenditures were $8713 (SD =
$18,131) for veterans randomized to the HRA + coaching arm
and were $9846 (SD = $16,621) for veterans to the HRA-
alone arm (Fig. 1). After adjusting for region, mean estimated
6-month total VA expenditures were $8665 in the HRA +
coaching arm and $9900 in the HRA-alone arm, for an abso-
lute difference of $1235 (p = 0.25).

Subgroup Analysis

While overall 6-month costs did not differ between the HRA +
coaching and HRA-alone arms, several subgroups did exhibit
heterogeneity in costs by treatment arm. MoB revealed four
subgroups characterized by employment status, sleep habits,
and self-reported health (Fig. 1). Patients who were unem-
ployed and had good sleep were stratified into those with
good/very good/excellent self-reported health and those with
poor/fair self-reported health. Among those with poor/fair
health, mean observed total expenditures were higher in the
HRA + coaching arm compared to the HRA-alone arm of the
trial ($12,814 vs $7971). In contrast, among those with good/
very good/excellent health, mean observed total expenditures
were lower in the HRA + coaching arm compared to the HRA-
alone arm ($5082 vs $11,612).
Mean observed total expenditures at 6 months were highest

among unemployed patients with poor sleep, but similar be-
tween the two arms ($17,602 in the HRA + coaching arm and
$17,318 in the HRA-alone arm). Compared to all other sub-
groups, mean observed total expenditures at 6 months were
lowest among employed patients, at $6146 in the HRA +
coaching arm and $5140 in the HRA-alone arm.

DISCUSSION

The average treatment effect of the HRA + coaching intervention
on 6-month total VA health care expenditures was null. Over the
longer-term, it is possible that cost differences could arise, as
patients in the HRA + coaching arm spend more time in preven-
tion programs and take further steps to alter their health risks.
Cost studies of HRAs and HMPs implemented among

employees of large corporations have had mixed results, with
some finding reductions in health-related spending and some
finding no change or even increases in spending.4–11 Costs are
typically lower when employee participation is high9 and
when patients’ health scores improve from “high-risk” to
“low-risk.”10, 24 Most of these studies agree that in order for
HRAs and HMPs to have a meaningful impact on health,
healthcare utilization, and costs, they must remain in place
for several years. While we did not assess differences in
health-related costs or utilization over the long term, we did
compare costs between two programs of differing intensity,
and found no difference.
Results of prior employer-based studies may not be generaliz-

able to the veteran population. The veterans included in our
intervention had high rates of unemployment (62.7%), inade-
quate income (26.5%), poor or fair health (30.5%), and tobacco
use (39.7%). The large majority were male (85.4%). Given the
poorer health and socioeconomic status, on average, of our
patient population, it may be easier for HRAs and health
coaching to have a meaningful impact. Improvements in health
and reductions in expenditures associated with HRA and
coaching programsmay also be seen sooner than in prior studies.
Our results, however, suggest that 6months’worth of data are not
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Table 1 Baseline Patient Characteristics

Overall
N = 411

Intervention:
HRA + coaching
N = 203

Control:
HRA-alone
N = 208

Demographics
Age, mean (SD) 55.8 (12.2) 55.2 (12.8) 56.4 (11.7)
Non-Hispanic white race, n (%) 198 (48.2) 94 (46.3) 104 (50.0)
Male gender, n (%) 351 (85.4) 167 (82.3) 184 (88.5)
Married/living as married, n (%) 210 (51.1) 93 (45.8) 117 (56.3)

Education, n (%)
High school or less 73 (17.8) 37 (18.2) 36 (17.3)
Some college, associate’s degree, or trade school 236 (57.4) 109 (53.7) 127 (61.1)
Bachelor’s degree or higher 102 (24.8) 57 (28.1) 45 (21.6)
Employed full/part time, n (%) 153 (37.3) 79 (39.1) 74 (35.6)
Inadequate income, n (%) 109 (26.5) 56 (27.6) 53 (25.5)

Literacy
Assistance required for reading, n (%)
Never 288 (70.1) 145 (71.4) 143 (68.8)
Rarely 76 (18.5) 39 (19.2) 37 (17.8)
Sometimes/often/always 47 (11.4) 19 (9.4) 28 (13.5)
Average of 3 numeracy variables*, mean (SD) 4.6 (1.2) 4.6 (1.2) 4.6 (1.2)

Computer literacy, n (%)
Do not use computer 23 (5.6) 14 (6.9) 9 (4.3)
Basic 79 (19.2) 41 (20.2) 38 (18.3)
Moderate 151 (36.7) 72 (35.5) 79 (38.0)
Advanced 109 (26.5) 53 (26.1) 56 (26.9)
Expert 49 (11.9) 23 (11.3) 26 (12.5)

Health habits
Minutes of physical activity in past week, median (IQR) 140.0 (380.0) 150.0 (380.0) 125.0 (380.0)
MOS-6 Sleep Scale Score, mean (SD) 61.1 (21.7) 61.4 (21.3) 60.9 (22.1)
Current tobacco use, n (%) 163 (39.7) 88 (43.3) 75 (36.1)

Alcohol consumption, n (%)
Never 166 (40.4) 71 (35.0) 95 (45.7)
Monthly or less 93 (22.6) 50 (24.6) 43 (20.7)
2–4 times a month 57 (13.9) 25 (12.3) 32 (15.4)
2–3 times a week 58 (14.1) 31 (15.3) 27 (13.0)
4 or more times a week 37 (9.0) 26 (12.8) 11 (5.3)

Clinical characteristics
HLA health age†, mean (SD) 60.4 (12.7) 60.0 (13.0) 60.7 (12.4)
Difference between Health age and actual age, mean (SD) 4.6 (5.7) 4.8 (5.6) 4.4 (5.9)

Perceived general health, n (%)
Excellent 23 (5.6) 13 (6.4) 10 (4.8)
Very good 98 (23.9) 43 (21.2) 55 (26.6)
Good 164 (40.0) 83 (40.9) 81 (39.1)
Fair 96 (23.4) 47 (23.2) 49 (23.7)
Poor 29 (7.1) 17 (8.4) 12 (5.8)
PHQ-8 Total Score, mean (SD) 7.1 (5.4) 6.8 (5.4) 7.4 (5.5)
Pain in past week‡, mean (SD) 4.6 (2.7) 4.4 (2.7) 4.7 (2.7)
Body mass index, mean (SD) 33.8 (6.4) 33.6 (6.6) 33.9 (6.2)
Diabetes diagnosis, n (%) 113 (27.5) 52 (25.6) 61 (29.3)
Taking blood pressure medications, n (%) 254 (61.8) 126 (62.1) 128 (61.5)
Average systolic blood pressure (mmHg)§, mean (SD) 129.8 (15.4) 129.6 (15.7) 130.1 (15.1)
Total cholesterol (mg/dL), mean (SD) 179.8 (42.0) 179.6 (42.1) 180.0 (42.0)
High-density lipoprotein (mg/dL), mean (SD) 45.8 (14.0) 46.8 (14.7) 44.8 (13.3)
PAM score, mean (SD) 61.6 (12.6) 62.6 (12.8) 60.6 (12.3)
Framingham 10-year cardiovascular risk score, mean (SD) 22.2 (16.7) 21.6 (16.6) 22.8 (16.8)

Total number of study inclusion criteria met‖, n (%)
1 170 (41.4) 84 (41.4) 86 (41.3)
2 197 (47.9) 99 (48.8) 98 (47.1)
3 44 (10.7) 20 (9.9) 24 (11.5)

SD standard deviation, IQR interquartile range, HRA health risk assessment, HLA HealtheLiving Assessment, MOS Medical Outcomes Study, PHQ
Patient Health Questionnaire, PAM Patient Activation Measure
Missing data: Employment (1), health age (1), difference between health age and age (1), general health (1), cholesterol (6), high-density lipoprotein
(6), Framingham (8)
*Numeracy variables: skill with fractions, skill with percentages, and usefulness of numerical information in making health decisions; each variable is
on a 1–6 scale, with a value of 1 anchoring “not at all good” and 6 anchoring “extremely good”
†HLA health age: The HLA uses a proprietary risk modeling algorithm to determine patients’ “health age” based on lifestyle choices, family risk, and
biological values, as well as information about the degree to which lifestyle changes can lower their “health age”
‡Pain is measured on a 0–10 scale, with 0 representing no pain
§Average of two systolic blood pressure measurements
‖To be included in the study, veterans had to have at least one of the following modifiable risk factors: body mass index (BMI) ≥ 30, current smoker, or
< 150 min of moderate/vigorous physical activity per week
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enough. As it works to implement our HRA + coaching program
at several more primary care clinics, the VAwill need to ensure
that programs remain in place for at least 1 year, and ideallymore.
The VA should also invest in collecting clinical, utilization, and
cost data on participating patients to improve our understanding
of the programs’ efficacy and long-term financial viability.
Several previous evaluations of HRA programs have reported

finding that a few individuals in their cohorts had extremely high
costs.4, 9 These outliers were typically removed from cost anal-
yses to avoid skewing cost outcomes for one of their comparison
groups. If the VA is to disseminate HRA + coaching programs
widely, however, it should not remove these outliers from its cost
evaluations. To the contrary, these programs should specifically
target patients with high rates of health care utilization, with the
goal of improving their health and, over the long term, reducing
their utilization and costs for the benefit of the health system as a
whole.
Our finding that the average treatment effect was null masked

meaningful differences in patient subgroups examined in explor-
atory analysis. The higher expenditures associated with unem-
ployed patients compared to employed patients were expected, as
people who are unemployed tend to have a higher prevalence of
disabilities and other costly conditions.25 In the unemployed
group, veterans who reported poor sleep had higher costs, re-
gardless of t rea tment arm. This f inding makes
sense—chronically poor and insufficient sleep has been
linked to higher rates of cardiovascular disease, immu-
nosuppression, and obesity, all of which are associated
with high costs.26–28 HRA + coaching and HRA-alone

had differential effects among patients who were unem-
ployed, with good sleep, and poor or fair perceived
health, with patients randomized to HRA + coaching
accruing higher short-term costs. It is possible that
coaching increased these patients’ awareness of both
their current and future health risks, thus motivating
them to increase their health care resource utilization
and, potentially, enroll in appropriate prevention pro-
grams. In the long run, if the prevention programs are
successful, we may expect to see a reduction in expen-
ditures in this group, as these patients become healthier.
This exploratory subgroup analysis consisted of relative-
ly small numbers of observations, but it did reveal some
interesting results that should be further evaluated in
larger samples. It will be particularly important to ob-
serve VA expenditures over one or more years to eval-
uate whether these cost differences persist.
Several limitations must be acknowledged. First, capture of

community-based care purchased by VA may be slightly
under-counted because there is a lag between the time of care
and claims processing. Second, results may not generalize
beyond veterans. Third, the subgroup results are hypothesis-
generating and not definitive results.
In conclusion, working with health coaches to set

actionable behavior change goals following HRA com-
pletion did not reduce short-term health expenditures
compared to completing and receiving HRA results
alone. As the VA disseminates this program to other
VHA primary care clinics, health care expenditures and
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Figure 1 Overall observed costs of health risk assessment (HRA) + coaching and HRA-alone at 6 months were similar, but treatment effects
were heterogeneous. Subgroups of trial participants with differential treatment effects were derived using model-based recursive partitioning
(MoB). We used the default value of statistical significance for the fluctuation tests (alpha = 0.05); post pruned via AIC fit index; set minimum
node sample size as 40; and specified max LM-type test as the fluctuation test for ordered factor variables. All other control parameters were
kept at their default values. The effective sample size used in the model-based recursive partitioning analysis was reduced to 400 due to missing
data in baseline covariates. MoB generated a tree based upon three variables. Employment status was the strongest predictor of treatment
response. An additional split on the MOS-6 Sleep Scale Score occurred within those not employed full or part time, and those with “good sleep”

had an additional split based upon self-rated health.
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clinical outcomes beyond 6 months should be examined
so that the VA can assess whether HRA + coaching
interventions are sustainable in the long run.
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