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Abstract

The objective was to determine whether automated telephone self-management support (ATSM) for low-
income, linguistically diverse health plan members with diabetes affects health care utilization or cost. A
government-sponsored managed care plan for low-income patients implemented a demonstration project be-
tween 2009 and 2011 that involved a 6-month ATSM intervention for 362 English-, Spanish-, or Cantonese-
speaking members with diabetes from 4 publicly funded clinics. Participants were randomized to immediate
intervention or a wait-list. Medical and pharmacy claims used in this analysis were obtained from the managed
care plan. Medical claims included hospitalizations, ambulance use, emergency department visits, and outpa-
tient visits. In the 6-month period following enrollment, intervention participants generated half as many
emergency department visits and hospitalizations (rate ratio 0.52, 95% CI 0.26, 1.04) compared to wait-listed
participants, but these differences did not reach statistical significance (P = 0.06). With adjustment for prior year
cost, intervention participants also had a nonsignificant reduction of $26.78 in total health care costs compared
to wait-listed individuals (P = 0.93). The observed trends suggest that ATSM could yield potential health service
benefits for health plans that provide coverage for chronic disease patients in safety net settings. ATSM should
be further scaled up to determine whether it is associated with a greater reduction in health care utilization and
costs. (Population Health Management 2015;18:412–420)

Introduction

Health care costs for individuals with diabetes were
estimated to be $176 billion in the United States in

2012.1 Individuals who have diagnosed diabetes have 2.3
times higher health care costs than individuals who do not have
diabetes. Health care costs for diabetes are expected to con-
tinue an upward trend as the prevalence of diabetes increases
and newer, more expensive therapies come to the market.2,3

Diabetes disproportionately affects individuals of low so-
cioeconomic status, lower levels of education, and minority
race/ethnicity.4 In these populations, limited health literacy
(LHL) and limited English proficiency (LEP) often hinder in-
dividuals’ access to and quality of care, resulting in poorer
health outcomes.5–10 With the expansion of Medicaid and the

creation of low-cost health insurance exchanges, managed care
plans will have an increased responsibility to provide culturally
sensitive, language-concordant care to low-income people
while controlling health care costs.11–13 A recent paper from the
Institute of Medicine describes how health systems need to
experiment and invest in training, innovation, and personnel to
transform their services to better accommodate the needs of
populations with LHL.14 Several studies have shown the pos-
itive impacts of diabetes self-management support among
vulnerable populations, especially with regard to patient-
centered outcomes such as health-related quality of life.15–18

Automated telephone self-management support (ATSM) has
been highlighted by the US Department of Health and Human
Services as a potentially viable strategy to augment care for
LHL and LEP populations with chronic conditions.19
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However, few studies have rigorously evaluated the ef-
fects of diabetes self-management support on the health care
costs among low-income populations.20 One randomized
controlled trial of telemedicine for Medicare beneficiaries
with diabetes in a medically underserved area of New York
State found no difference in health care costs over 5 years.21

A randomized controlled trial at a federally qualified health
center serving primarily Latinos in Denver, Colorado, aimed
to lower low-density lipoprotein (LDL) among diabetes
patients through nurse-run telephone-based outreach.22 The
authors reported significant reductions in inpatient costs and
total health care costs, but the linear regression models used
in the analysis did not adequately address the skewed dis-
tribution of the cost data.23

Another study, Project Dulce in San Diego, California,
provided nurse care management and peer education via
promotoras for low-income diabetes patients enrolled in
County Medical Services.24 Findings indicated that Project
Dulce participants had significantly higher health care costs,
which was attributed largely to nearly 2-fold higher phar-
macy-related costs. Nonetheless, because of improvements
in risk factor control, Project Dulce was found to be rea-
sonably cost-effective using a cost-utility framework, in
which costs per quality-adjusted life year (QALY) ranged
from $10,141 to $69,587, depending on the type of insur-
ance coverage.25 However, this analysis used a historical
cohort as a comparison group, and Project Dulce partici-
pants were likely to be much more motivated and engaged
than a representative sample. Finally, the investigators
previously performed a cost-effectiveness analysis of mul-
tilingual ATSM implemented in a public hospital system’s
clinics and found that the annual cost of the ATSM inter-
vention per QALY gained, relative to a contemporaneous
control group, was between $29,402 and $72,407.26

The Self-Management Automated and Real-Time Tele-
phonic Support Study (SMARTSteps/Pasos Positivos/

) was a quasi-experimental study of language-
concordant ATSM for low-income individuals with dia-
betes within an urban public health care system, carried out
in collaboration with a low-income, government-sponsored
health plan. The 27-week (6-month) intervention has pre-
viously been reported to improve patients’ health-related
quality of life and specific health behaviors, but was found to
have no impact on cardiometabolic measures relative to wait-
listed participants (NIH trial registration NCT00683020).16

The purpose of the current study is to compare the health care
utilization and costs of individuals in the ATSM intervention
to those of wait-listed individuals during the 6-month period
following randomization. This study took place within the
University of California, San Francisco (UCSF) Collaborative
Research Network (http://accelerate.ucsf.edu/community/
sfbaycrn), a primary care practice-based research network
in the Northern California area, and received approval from
the UCSF Institutional Review Board.

Methods

Study design and participants

The SMARTSteps intervention, study design, and re-
cruitment details have been reported in detail previous-
ly.16,27 Briefly, participants were recruited from 4 clinics in
the Community Health Network of San Francisco (CHNSF)

from April 2009 to March 2011. Individuals had to have
diabetes, be 18 years or older, be a covered member of the
San Francisco Health Plan (SFHP), speak English, Spanish,
or Cantonese, and have visited one of 4 CHNSF clinics in
the past 24 months.

The SFHP is a health insurance plan that was created in
1994 and is operated by the San Francisco Health Authority,
an agency established by the County of San Francisco. The
SFHP’s 3 programs—Medicaid, Healthy Workers (for in-
home supportive services employees), and Healthy Kids—
each have unique revenue sources and beneficiaries. Almost
47% of SFHP members are younger than 18 years of age;
36% are between 19 and 65 years of age, and 17% are older
than 65 years of age. Only 39% of SFHP members identify
English as their primary language: 33% speak Chinese, 18%
are Spanish-speaking, and the remaining 9% speak other
languages, including Russian and Vietnamese. Because
SFHP wanted to improve its performance measures for di-
abetes care, the plan’s leadership made a decision to carry
out a demonstration project involving multilingual ATSM,
given its promising results in similar patient populations
with diabetes.26,28,29

SFHP members with diabetes who participated in
SMARTSteps were randomized to one of 4 groups: SMART-
Steps-ONLY, SMARTSteps-PLUS, or a wait-list for either
intervention. The intervention focused on improving self-
management related to behaviors such as taking medications
appropriately, eating a healthy diet, exercising and being
physically active, depressive symptoms, and checking one’s
blood sugar level and one’s feet for wounds and sores. The
SMARTSteps-ONLY intervention consisted of 27 weekly
automated telephone calls in the participant’s preferred lan-
guage with rotating questions and health education regarding
diabetes self-care. Participants with out-of-range responses
also received a follow-up call from a SFHP-trained, lay health
coach for behavioral action planning. Those randomized to
SMARTSteps-PLUS also could receive additional callbacks if
the participant had evidence of poor monthly adherence to
cardiometabolic medications as indicated by SFHP pharmacy
claims data. These additional callbacks were intended to pro-
mote self-disclosure of medication nonadherence and to trou-
bleshoot barriers such as confusion about doses or frequency of
medications, forgetfulness, concerns about side effects, or
competing health beliefs. Telephone health coaches also en-
couraged participants in collaborative goal-setting and action
planning to enhance medication regimens and adherence. In-
dividuals who were wait-listed in the 2 arms began the inter-
vention 6 months after randomization. The wait-list allowed for
a rigorous evaluation with a randomized control group while
ensuring that all participants eventually would receive the in-
tervention. Active enrollment in the SFHP was a requirement
for study participation because SFHP staff delivered the in-
tervention. If individuals had a lapse in SFHP coverage that
exceeded 1 month, the member was discontinued from the
study, both for intervention and wait-list groups.

Outcomes

Because the investigators’ prior research revealed similar
benefits for SMARTSteps-ONLY and SMARTSteps-PLUS
participants,16 for the current analysis these groups were
combined and compared to the combined wait-listed groups.
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Baseline demographic and cardiometabolic characteristics
were extracted from telephone surveys and the patients’
electronic health record. Medical and pharmacy claims were
obtained from the SFHP for each study participant for the
year prior to study enrollment and the 6 months following
randomization. The investigators examined 4 count-based
measures of health care utilization: number of hospitaliza-
tions, days spent in hospital, number of emergency depart-
ment visits, and number of outpatient visits.

Given that the SFHP is a managed care plan that main-
tains a fee schedule based on negotiated rates across health
systems, health care costs for each medical encounter were
estimated. To estimate outpatient, emergency department,
and ambulance costs, the investigators linked the 2012 Ca-
lifornia Medicaid fee schedule to each claim by Current
Procedural Terminology code.30 Hospitalization costs were
estimated at $2000 per diem based on average costs pro-
vided by the SFHP. Pharmacy claims contained the price
paid by the SFHP for each prescription; however, this cost
did not include any co-payments that might have been paid
by the patient (these co-payments tended to be $5 or less,
and often were zero). Pharmacy claims were present for 342
of 362 participants, and analyses followed the principle of
intent-to-treat. However, individuals with Medicare insur-
ance were deleted from analyses involving pharmacy data
because these patients had alternative pharmacy benefits for
which no cost information was available. Because infor-
mation on health care utilization was contingent on enroll-
ment in SFHP, health care utilization and costs were
modeled as rates, with time enrolled in SFHP in the de-
nominator.

Statistical analysis

Baseline characteristics of the active intervention and
wait-listed groups were compared using t tests or Wilcoxon
rank-sum tests for continuous variables and chi-square tests
or Fisher Exact tests for categorical variables.

To compare health care utilization between the inter-
vention and wait-listed participants, the investigators em-
ployed negative binomial regression with robust standard
errors for each measure of health care utilization. Negative
binomial regression is used for count data when the Poisson
assumption that the mean is equal to the variance is vio-
lated.31 Because of concerns that the intervention and wait-
listed groups were different with respect to prior utilization,
analyses were performed both without adjustment, as is
standard for most randomized trials, and adjusted for the
prior year’s rate of utilization. Data cleaning, descriptive
statistics, and negative binomial regression were performed
in SAS, version 9.2 (SAS Institute Inc., Cary, NC).

A 2-part model was used to estimate the marginal effect
of the intervention on costs incurred during the 6 months
following randomization.23,32 The 2-part model takes into
account 2 salient characteristics of health care cost. First,
health care cost is concentrated on zero because some pa-
tients incur no costs (ie, zero mass). Second, the cost dis-
tribution is quite skewed because a small portion of patients
incur large costs. The marginal effect is defined as the
change in cost attributable to the intervention. The investi-
gators derived a closed-form expression for the point esti-
mate of the marginal effect from the 2-part model. In both

parts of the model, the independent variable was SMART-
Steps status (intervention or wait-list); analyses were per-
formed both unadjusted and adjusted for prior year cost. In
the first part of the model, a logistic regression was used to
estimate the probability of incurring any cost. In the second
part of the model, the investigators estimated costs among
participants who had costs greater than zero. Log-transformed
costs were used to account for skewness. The investigators
used the ordinary least squares regression model in esti-
mation and employed the smearing estimate to adjust for the
possible downward bias when transforming the resulting
estimate back to a dollar amount.33 However, there is no
closed-form expression for the standard error of the mar-
ginal effect. Therefore, the investigators used bootstrapping
to estimate the standard error of the marginal effect and then
tested whether the marginal effect statistically differed from
zero.23 The 2-part model and bootstrapping were performed
using STATA 12 (StataCorp LP, College Station, TX).

Results

Table 1 displays the baseline sociodemographic and
medical characteristics of the SMARTSteps participants. At
baseline, there were no significant differences in demo-
graphic characteristics, cardiometabolic measures, or health
care utilization in the prior year between the intervention
and wait-list groups. At the time of enrollment, nearly a
third of participants had poor glycemic control (HbA1c
> 8%). Intervention patients had more outpatient visits in the
previous year compared to wait-listed patients (P = 0.05), but
both groups were high utilizers of the outpatient services. There
were no statistically significant differences in hospitalizations
and emergency department visits at baseline. The hospital costs
in the prior year for the wait-listed patients were nearly double
those of the intervention patients; however, this difference was
not statistically significant (P = 0.08). Costs from the emer-
gency department, ambulance, outpatient, pharmacy, and total
costs were similar between the 2 groups. More than 70% of
participants were insured through Healthy Workers SF (a
county-sponsored insurance program for low-income work-
ers), and 23% through Medicaid, with similar payer distribution
between intervention and wait-list groups.

The distribution of health care costs over the subsequent 6
months is shown in Table 2. More than 75% of participants
incurred no hospital, ambulance, or emergency department
costs during the 6-month study period. For all medical costs,
the mean cost was far greater than the 75th percentile of cost,
indicating a highly skewed distribution.

With respect to differences in health care utilization be-
tween the intervention and wait-list groups over the 6
months after enrollment (Table 3), the intervention group
had half the rate of hospitalizations as the wait-list group,
with a mean of 0.04 (range: 0–2) for the intervention group
and 0.08 (range: 0–3) for the wait-list group. Similarly, the
rate of emergency department visits among the intervention
group was 0.51 times lower than the rate among the wait-
listed group, with a mean of 0.14 (range: 0–4) for the in-
tervention group and 0.26 (range: 0–4) for the wait-list
group. However, neither of these differences were statisti-
cally significant (P = 0.23 and 0.06, respectively), and the
significance level was similar when these 2 outcomes were
combined (rate ratio 0.52, P = 0.06). Adjustment for prior
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Table 2. Distribution of Health Care Costs (in Dollars) by Category During 6-Month Period

Following SMARTSteps Enrollment, n = 362

mean 25th percentile median 75th percentile maximum

Hospitalization Intervention 398 0 0 0 40568
Wait-list 1309 0 0 0 152501

Ambulance Intervention 4 0 0 0 515
Wait-list 10 0 0 0 391

Emergency Department Intervention 40 0 0 0 2120
Wait-list 64 0 0 0 3569

Outpatient Intervention 1186 130 300 543 55284
Wait-list 1011 139 288 633 55213

Pharmacy Intervention 830 415 785 1021 9566
Wait-list 678 287 629 967 3685

All costs combined Intervention 2489 688 1137 1626 99173
Wait-list 3136 578 1084 1630 156577

Table 1. Baseline Sociodemographic and Medical Characteristics of SMARTSteps Participants, n = 362

Intervention (n = 182) Wait-list (n = 180) P value

Age, mean (SD) 55.5 (8.4) 54.1 (8.4) 0.12{

Female, n (%) 138 (75.8) 120 (66.7) 0.05

Race/Ethnicity, n (%) 0.69{

Latino 45 (24.7) 36 (20.0)
African American 10 (5.5) 15 (8.3)
Asian/Pacific Islander 106 (58.2) 109 (60.6)
White 18 (9.9) 16 (8.9)
Other 3 (1.6) 4 (2.2)

Language of Intervention, n (%) 0.98
English 60 (33.0) 61 (33.9)
Cantonese 91 (50.0) 89 (49.4)
Spanish 31 (17.0) 30 (16.7)

Hemoglobin A1c > 8.0%, n (%) 51 (29.0) 46 (26.7) 0.64
Hemoglobin A1c, mean (SD) 7.9 (1.7) 7.6 (1.4) 0.20{

Systolic Blood Pressure, mean (SD) 128.5 (17.3) 128.8 (17.8) 0.87{

Hospitalizations in year prior to study n (%)* 0.29
0 175 (96.1) 166 (92.2)
1 5 (2.8) 9 (5)
More than 1 2 (1.1) 5 (2.8)

Emergency Dept visits in prior year n (%)* 0.57
0 158 (86.8) 150 (83.3)
1 12 (6.6) 13 (7.2)
More than 1 12 (6.6) 17 (9.4)

Outpatient visits in prior year, mean (SD)* 16.6 (12.3) 14.2 (9.9) 0.05

Costs in prior year, $, mean (SD)
Hospital 354.35 (1975) 680.68 (3041) 0.08{

Emergency Department 79.03 (251) 107.84 (545) 0.44{

Ambulance 6.00 (31) 9.89 (95) 0.58{

Outpatient 1196.99 (2248) 1047.11 (1483) 0.16{

Pharmacy 1458.39 (1569) 1242.09 (1011) 0.13{

Total 3123.28 (4576) 3113.53 (4230) 0.98{

Financial Class of Insurance n (%) 0.93{

Medicaid 42 (23.1) 41 (22.8)
Healthy Workers SF 131 (72.0) 129 (71.7)
Medicare 7 (3.8) 9 (5.0)
Commercial/Uninsured 2 (1.1) 1 (0.6)

Enrolled in San Francisco Health Plan during
6-month study period, n (%)

167 (91.8) 161 (89.4) 0.45

*Annualized rate based on eligibility in prior year
P values derived from chi-square tests or Fisher exact tests (the latter indicated with {) for categorical variables, t tests for interval

variables if normally distributed, and Wilcoxon rank-sum tests if interval variables not normally distributed (as indicated with {).
SD, standard deviation
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year’s health care utilization, measured as visits, slightly
attenuated both the rate of emergency department visits and
hospitalizations, but the salutary effect of the intervention
on number of hospital days was greatly amplified after ad-
justment for the prior year’s number of hospital days. In
contrast, the rate of outpatient visits was essentially the
same between groups both before and after adjustment for
prior visits.

The results of the 2-part model in general yielded esti-
mates of lower costs among the intervention group com-
pared to the wait-list group, although again these reductions
did not reach statistical significance (Table 4). Participants
in the intervention group incurred lower hospital costs in the
unadjusted model and in the model adjusted for prior cost
(P = 0.68 and 0.73, respectively). There was no meaningful
difference in either emergency department or ambulance
costs (P = 0.49 and 0.38, respectively). For outpatient care,
individuals in the intervention incurred lower costs than
those on the wait-list in the unadjusted model and in the
adjusted model, but these reductions also were not statisti-
cally different (P = 0.80 and 0.72, respectively). With re-
spect to pharmacy costs, the unadjusted model found that
pharmacy costs were higher among intervention participants
compared to wait-listed participants (P = 0.03). After ad-

justment for prior year pharmacy cost, this difference was
slightly lower but was only marginally statistically signifi-
cant (P = 0.05). When examining all costs combined, par-
ticipation in the SMARTSteps intervention was associated
with $8.58 higher costs in the unadjusted model but $26.78
lower costs in the adjusted model, but neither of these was
statistically significant (P = 0.98 and 0.93, respectively).

Discussion

Diabetes is a rapidly growing problem; both the crude and
age-adjusted prevalence continues to rise unabated, and it has
been estimated that annual diabetes-related spending will
increase from $113 billion in 2009 to $336 billion by 2034.3

With the expansion of Medicaid in 2014 and the availability
of health insurance plans for lower income people, medical
care will be more accessible for millions of individuals who
previously were uninsured. Multiple studies have examined
the population that will be newly eligible for Medicaid to
assess their potential health care utilization.34–36 One study
characterized the utilization patterns of a homeless popula-
tion in Boston and found that the majority of these patients
had mental illness, substance use disorders, and multiple
comorbid conditions, such as diabetes.34 These homeless

Table 3. Adjusted and Unadjusted Rate Ratios of Health Care Utilization in the 6 Months Following

Randomization in SMARTSteps, Comparing Intervention to Wait-List, Using Negative Binomial

Regression with Robust Standard Errors

Unadjusted Adjusted for prior year utilization*

Rate
Ratio

(95% Confidence
Interval) P value

Rate
Ratio

(95% Confidence
Interval) P value

Hospitalizations
(number of visits)

0.50 (0.16, 1.54) 0.23 0.55 (0.17, 1.54) 0.33

Days in Hospital 0.74 (0.12, 4.59) 0.75 0.19 (0.03, 1.40) 0.10
Emergency Department

(number of visits)
0.51 (0.26, 1.02) 0.06 0.73 (0.37, 1.45) 0.37

Emergency Department
and Hospitalizations

0.52 (0.26, 1.04) 0.06 0.60 (0.30, 1.17) 0.14

Outpatient Visits 0.98 (0.80, 1.21) 0.85 0.94 (0.79, 1.12) 0.48

*Hospitalizations, Days in Hospital, Emergency Department, and combined Emergency Department and Hospitalizations were adjusted
with a binary variable (any vs. no visits/days in prior year); outpatient visits were adjusted using quartiles of visits in prior year

Table 4. Marginal Effect on Costs, in Dollars, Comparing Intervention to Wait-List, for

the 6-Month Period Following Randomization in SMARTSteps, n = 362

Unadjusted Adjusted for prior year costs*

Point
Estimate ($)

(95%
Confidence Interval) P value

Point
Estimate ($)

(95%
Confidence Interval) P value

Hospitalization - 12.48 ( - 72.41, 47.44) 0.68 - 42.10 ( - 280.56, 196.36) 0.73
Ambulance 0.13 ( - 0.16, 0.43) 0.38 0.81 ( - 2.46, 4.09) 0.63
Emergency Department 1.41 ( - 2.57, 5.38) 0.49 0.67 ( - 6.50, 7.84) 0.85
Outpatient - 34.74 ( - 296.70, 227.21) 0.80 - 46.52 ( - 301.32, 208.29) 0.72
Pharmacy 165.14 (21.23, 309.06) 0.03 162.93 ( - 2.54, 328.40) 0.05
All costs 8.58 ( - 640.02, 657.18) 0.98 - 26.78 ( - 610.57, 557.01) 0.93

*Hospital, Ambulance, and Emergency Department costs were adjusted with a binary variable (any vs. no prior costs); Outpatient,
Pharmacy, and All costs were adjusted with a categorical variable.

Note: The sum of the point estimates for all categories of cost is not equal to the point estimate for all costs because of the log-
transformation used in the analysis.
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individuals had 3.8 times higher medical expenditures than
the average Medicaid recipient. Decker et al’s analysis of the
National Health and Nutrition Examination Survey 2007–
2010 found that, compared to those enrolled in Medicaid, a
smaller proportion of the uninsured had hypertension, hy-
percholesterolemia, or diabetes. Uninsured individuals with
those conditions were less likely to be aware of them, and
thus could require more complex medical care.36

These studies highlight the fact that the uninsured popu-
lation is heterogeneous and individuals could enter Medic-
aid managed care plans with vastly different health care
needs. It also has been well established that the prevalence
of diabetes, diabetes complications, and mortality from di-
abetes are all higher among minority race and low-income
populations, a burden largely borne by the Medicaid pro-
gram.4,37 These health disparities have the potential to be
magnified by inadequate access to or quality of medical care
among racial minorities.38,39 Indeed, there have been few
studies explicitly targeting diabetes interventions to vul-
nerable populations, and those interventions that have been
done have not been evaluated for their effects on health care
utilization and costs.37 The current study is the first to use an
appropriate study design with an evidence-based interven-
tion in partnership with a low-income health plan to eval-
uate the effects on utilization and health care costs.

Although a great number of private-sector companies have
developed technology-enabled diabetes self-management
tools,40 few, if any, have been evaluated in terms of costs or
cost-benefit. The current study’s methodology could serve
as a model to feasibly study the cost aspect of diabetes self-
management support interventions.41

A robust pattern of reductions in health care utilization
and costs was observed for participants who received the
SMARTSteps intervention compared to those who were
wait-listed. The intervention group had half the rate of
hospitalizations (rate ratio 0.50, 95% CI 0.16, 1.54) and half
the rate of emergency department visits (rate ratio 0.51, 95%
CI 0.26, 1.02) as the wait-list group. When prior year costs
were controlled for, participation in the SMARTSteps in-
tervention was associated with a $42.10 and $46.52 reduc-
tion in hospitalization and outpatient costs over 6 months,
respectively. These meaningful results, although not statis-
tically significant, suggest that the SMARTSteps program
could yield a positive economic impact for Medicaid and
low-income health plans, and that a larger-scale program is
needed to generate more conclusive findings.

Few studies have explored utilization patterns and costs
of care for patients with diabetes receiving self-management
support. In a randomized study conducted in the Veterans
Affairs, participants who received a 1-year intervention of
automated telephone diabetes management support were
more likely to utilize podiatry clinics and diabetes specialty
clinics and to have a cholesterol test, suggesting that in-
creasing patients’ knowledge and ability to navigate the
health care system may result in increased utilization. No
other differences in utilization patterns or costs were re-
ported.42 Another study of telemedicine conducted among
1665 Medicare beneficiaries found no significant differences
in health care costs despite significant reductions in hemo-
globin A1c, LDL cholesterol, and blood pressure.18,21 The
average age of participants in that study was 71 years, so it
is possible that other chronic conditions were driving their

health care costs.43 Project Dulce, a study of Latinos with
diabetes in southern California, found a marginally non-
significant lower cost of $688 for hospital and emergency
department costs combined, no difference in outpatient
costs, and $1539 higher pharmacy costs for program par-
ticipants over an 18-month period compared to a historical
(nonrandom) control group.25 Finally, a recent study of a
diabetes management program delivered via text message
for members of the University of Chicago’s health plan
found significant reductions in health care costs; however,
their comparison group was plan members who refused to
participate in the intervention.44 Although the current study
observed very promising trends related to utilization and, to a
lesser extent, costs, it is likely that this study was under-
powered to detect small to moderate differences in utilization
and costs, as more than 85% of SMARTSteps participants
had no hospitalization or emergency department visit in the
year prior to the study. The relative infrequency of such
events may have hindered the ability to detect modest dif-
ferences over a relatively short time period.

The primary strength of this study is the fact that it was
carried out in a real-world setting, embedded in the opera-
tions of a health plan exploring the potential benefits of
employing a communication innovation for its members
with diabetes. This greatly enhances the external validity of
the findings. Second, the use of a contemporaneous, ran-
domly selected control group to test the effect of the inter-
vention greatly enhances the internal validity of the findings.
In addition, the economic analysis employed advanced sta-
tistical methods to account for unique distributions of health
care utilization and cost data. The advantage of using the 2-
part model for health care costs can be appreciated by
comparing the difference of the mean total costs from Table
2 ($2,489 - $3,136 = - $647) to the estimate from the model
($8.58). This comparison suggests a simple subtraction of
means between the intervention and control groups would
have overestimated the impact of the SMARTSteps program
on reducing total health care cost. Nevertheless, these results
from the 2-part model were real from the perspective of the
SFHP, even if they did not reach sufficient statistical sig-
nificance to be scientifically valid. Finally, this utilization
and cost analysis of ATSM for diabetes is, to the investi-
gators’ knowledge, the only study to rigorously examine the
effects of a multilingual diabetes intervention.

There are several important limitations to this analysis.
The first limitation, as mentioned, is that the study likely
was underpowered for economic outcomes, as the sample
size was generated to detect differences in patient-centered
outcomes, not economic outcomes.16 In their previous cost-
effectiveness analysis involving a prior version of ATSM,26

the investigators were able to focus on a range of values that
met the threshold for cost-effectiveness. However, the cur-
rent study did not evaluate cost-effectiveness, but differen-
tial costs and utilization. Because the literature does not
support a single threshold for these domains, the investi-
gators are unable to calculate a sample size for a future trial
with any certainty.

Second, as is true for all utilization of care studies, the
measures used in this study could not distinguish between
inappropriate and appropriate utilizations. The one area of
consensus regarding inappropriate utilization is in low-triage
emergency room visits (eg, nonurgent visits). Although the
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investigators have previously reported on this outcome,45 the
sample size was too small to assess the impact of the inter-
vention on low-triage emergency room visits.

Third, this analysis relied on estimated costs using Cali-
fornia’s Medicaid fee schedule and a per diem rate for
hospitalizations as determined by SFHP, a method that does
not capture the intensity of hospital treatment. The investi-
gators recognize that this method does not account for
several factors that could impact the health plan’s costs,
such as whether providers were in or out of the health plan’s
preferred network.

Fourth, this study only examined health care costs and
utilization during the 6 months following randomization.
Because the investigators employed the wait-list variant of
the stepped-wedge design to align with SFHP’s service
needs,46 in which all participants eventually received the
intervention, it was not possible to observe a randomized,
unexposed control group for a longer period of time. Re-
ductions in utilization and costs resulting from self-
management support could accrue over a longer time frame
than this study was able to capture. This was a necessary
trade-off in carrying out this study with the health plan as a
partner. Insofar as the intervention and study design in-
volved an exposure time of only 6 months, the results likely
underestimate the economic and health services benefits of
self-management support, most of which accrue because of
avoided long-term complications such as kidney failure,
amputations, and cardiovascular disease. Although a prior
manuscript from this study16 reported on the behavioral and
functional benefits of the intervention, the current study
could not determine whether such improvements could
offset economic burdens of diabetes in the future.

Fifth, the investigators were unable to obtain pharmacy
costs for the few participants ( < 5%) who had Medicare
insurance. However, these participants were equally dis-
tributed between the wait-list and intervention groups and
were excluded from analyses involving pharmacy cost.

Sixth, this study did not attempt to weigh the costs of the
intervention against its cost offsets; such an analysis would
be beyond the scope of the current paper. Finally, the gen-
eralizability of these results may be limited given the unique
study population and setting. However, the investigators
believe these findings are relevant to safety net health sys-
tems, as well as to Medicaid and low-income health plans,
and possibly to chronic conditions beyond diabetes.

ATSM is a unique innovation to provide support to the
growing population of linguistically diverse individuals
with diabetes in Medicaid and other low-income health
plans. Because it uses low-cost technology as well as
trained health coaches as the main vehicles for support,
rather than nurses or other clinicians, there is the potential
for low maintenance costs from a health plan’s perspective,
once the ATSM program is established by a plan or health
system. Controlling costs stemming from chronic diseases
such as diabetes, while maintaining high quality and pa-
tient-centered care, will be crucial for Medicaid managed
care plans and other insurance plans participating in the
health care exchanges.

Although not conclusive, this randomized study adds to
the literature on the impact of innovative, health information
technology-based self-management support programs on
utilization and cost outcomes. It is now well established that

ATSM improves health-related quality of life and health
promoting behaviors among low-income patients with dia-
betes.16,29 The positive trends observed in the current study
suggest that ATSM should be scaled up to include larger
numbers of patients and a longer period of follow-up time to
determine whether it also can affect health care utilization
and reduce costs for linguistically-diverse, low-income in-
dividuals with diabetes.
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