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OBJECTIVE — The purpose of this article was to determine the effects of a managed-Medicare
physical activity benefit on health care utilization and costs among older adults with diabetes.

RESEARCH DESIGN AND METHODS — This retrospective cohort study used admin-
istrative and claims data for 527 patients from a diabetes registry of a staff model HMO. Partic-
ipants (n = 163) were enrolled in the HMO for at least 1 year before joining the Enhanced Fitness
Program (EFP), a community-based physical activity program for which the HMO pays for each
EFP class attended. Control subjects were matched to participants according to the index date of
EFP enrollment (n = 364). Multivariate regression models were used to determine 12-month
postindex differences in health care use and costs between participants and control subjects
while adjusting for age, sex, chronic disease burden, EFP attendance, prevention score, heart
registry, and respective baseline use and costs.

RESULTS — Participants and control subjects were similar at baseline with respect to age
(75 = 5.5 years), A1Clevels (7.4 = 1.4%), chronic disease burden, prevention score, and health
care use and costs. After exposure to the program, there was a trend toward lower hospital
admissions in EFP participants compared with control subjects (13.5 vs. 20.9%, P = 0.08),
whereas total health care costs were not different (P = 0.39). EFP participants who attended =1
exercise session/week on average had ~41% less total health care costs compared with those
attending <1 session/week (P = 0.03) and with control subjects (P = 0.02).

CONCLUSIONS — Although elective participation in a community-based physical activity
benefit at any level was not associated with lower inpatient or total health care costs, greater
participation in the program may lower health care costs. These findings warrant additional
investigations to determine whether policies to offer and promote a community-based physical
activity benefit in older adults with diabetes can reduce health care costs.
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he many benefits of physical activity
for older adults extend beyond bet-
ter health, improved functioning,
and increased quality of life to include sig-

nificantly reduced health care costs and
mortality (1-4). However, only 16% of
individuals aged 65-74 years report par-
ticipating in at least 30 min of moderate
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activity =5 days/week; these figures are
incrementally lower for older cohorts (5).
Physical activity is particularly relevant
for older adults with diabetes because
those who have diabetes are predisposed
to higher rates of functional disability,
cardiovascular disease, and premature
death (4). Moreover, national diabetes
practice guidelines recommend physical
activity as an important component of di-
abetes management (6).

It is estimated that 18% of Medicare
beneficiaries have diabetes. The health
care costs associated with this condition
account for 32% of total Medicare spend-
ing (7). Limited observational data sug-
gest that health care costs for a previously
sedentary adult >50 years of age can be
reduced by as much as $2,200/year if he
or she engages in moderate physical activ-
ity for at least 3 days/week (8). These
combined statistics provide a compelling
case for all stakeholders including pa-
tients, employers, and health plans to ex-
plore strategies to promote and support
physical activity. One promising strategy
is the use of a health plan benefit to pay for
exercise programs specifically designed
for older adults. However, there are lim-
ited data on the impact of such benefit
incentives on health care costs for older
adults with diabetes. The purpose of this
study was to determine the effects of a
managed-Medicare physical activity ben-
efit on both outpatient and inpatient ser-
vice utilization and costs among older
adults with diabetes. We made use of an
analytic framework from an earlier study
but incorporated a larger and more recent
sample to permit analysis of a diabetic
subgroup, using better adjustment for se-
lection bias (9).

RESEARCH DESIGN AND

METHODS — This study was based at
Group Health Cooperative of Puget
Sound (GHC), a consumer-governed,
staff model HMO with >500,000 mem-
bers. We received administrative and
claims data on a total of 1,675 GHC mem-
bers who participated in the Enhanced
Fitness Program (EFP) between 1 January
1998 and 30 December 2003, were aged
=65 years, and were continuously en-
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Enhanced Fitness Program costs

rolled at GHC for at least 1 year before the
date of joining the EFP. Three control
subjects who were matched on age and
sex were selected for every EFP partici-
pant. Control subjects were also enrolled
at GHC for 1 year before the index date of
the referent participant (n = 4,814).

From this larger dataset, only mem-
bers who were on the diabetes registry of
GHC, were not missing baseline cost and
utilization data, and had at least 1 year of
follow-up after the index date were in-
cluded as EFP participants in this analysis
(n = 163). Control subjects were also se-
lected from the diabetes registry and were
a subset of the matched control subjects
from the larger dataset (n = 364). Mem-
bers were added to the GHC diabetes reg-
istry based on one of the following
criteria: 1) currently taking any diabetes
medication, 2) having fasting glucose
=126 mg/dl confirmed by a second out-
of-range test within 1 year, 3) having a
random plasma glucose =200 mg/dl also
confirmed by a second out-of-range test
within 1 year, or 4) having a hospital dis-
charge diagnosis of diabetes at any time
during GHC enrollment or two outpatient
diagnoses (ICD-9) of diabetes (10).

The EFP is a group-based exercise
program that meets 3 times/week and is
currently offered to community-dwelling
older adults at >30 community-based
sites in the Seattle/Puget Sound area. The
program, taught by certified fitness in-
structors, was designed to increase health
and functional abilities of relatively sed-
entary older adults. All classes follow a
standardized format of 5 min of warm up,
20-25 min of moderate-intensity aero-
bics, 20 min of resistance strength train-
ing, and 10 min of flexibility and balance
training. Since October 1998, GHC has
paid the per-visit costs for all of its Medi-
care-eligible enrollees who elect to partici-
pate in the EFP.

Data sources

Inpatient utilization, primary care visits,
and three summary cost variables (total,
inpatient, and primary care) were chosen
for comparison. Primary care costs were
selected because a more general “outpa-
tient” cost summary was not available.
Primary care costs included all direct and
indirect costs associated with visits or
telephone calls by primary care or preven-
tive medicine personnel that are related to
either direct patient care, preventive ser-
vices, or risk factor reduction counseling.
Total health care costs included addi-
tional categories such as inpatient hospi-

tal, emergency, pharmacy, and long-term
care Costs.

Each cost summary measure was ob-
tained from GHC administrative data,
which have been used extensively in prior
research (11,12). The source of cost esti-
mates was the Decision Support System,
which integrates clinical information,
units of service, and actual costs from the
general ledger for 15 separate feeder sys-
tems. GHC identifies all costs as either
direct patient care costs or overhead costs
(those shared by more than one depart-
ment). All overhead costs are fully
allocated to individual patient care de-
partments. Departments captured in the
database include medical staff, nursing,
pharmacy, laboratory, radiology, hospital
inpatient, and community health ser-
vices. Units of service are weighted by rel-
ative value units for ancillary
departments, technical relative value
units for radiology, College of Anatomical
Pathology units for laboratory, and visit
length for outpatient visits. From this pro-
cess, the precise cost for each unit of ser-
vice delivered is then calculated, and costs
are assigned to patients based on units of
service used.

The analysis included several covari-
ates that could potentially influence both
EFP participation and the outcomes of
health care use and costs. RxRisk is a mea-
sure of chronic disease burden and co-
morbidity that was previously shown to
have validity comparable to that of ambu-
latory care groups for predicting total fu-
ture health costs (13). It was calculated
for each member on the basis of age, sex,
and pharmacy utilization data for a
6-month period before the index date
(14). To adjust for potential differences in
future health care costs attributable to dif-
ferences in general “prevention-seeking”
behaviors between EFP users and nonus-
ers, we constructed a “prevention score”
for each member. This score was derived
from the sum of the number of times a
subject received colon cancer screening
(fecal occult blood test or flexible sig-
moidoscopy), a screening mammogram,
prostate cancer screening, an influenza
vaccine, or a pneumococcal vaccine dur-
ing the 2 years immediately preceding the
index date (range 0—8).

Statistical analysis

Two-tailed t tests and x* tests were used
for unadjusted baseline comparisons be-
tween EFP participants and control
groups. Health care cost data are generally
highly skewed and often demonstrate a

variance proportional to the square of the
mean (gamma distribution) (15). There-
fore, we used multivariate generalized lin-
ear models with a log-link function and
gamma distributional assumptions to test
differences in health care costs between
EFP participants and control subjects
during the 12 months after the index date
while adjusting for age, sex, RxRisk, EFP
attendance, prevention score, inclusion in
the heart registry of the HMO, and respec-
tive baseline use and costs. Poisson re-
gression was used to compare utilization
counts between the two groups. Because a
large percentage of subjects had no re-
lated inpatient expenses at baseline and
follow-up, gamma regression was used to
compare inpatient costs only for individ-
uals in each group who had any costs.

Exploratory subgroup analyses were
also performed to determine differences
in total health care costs in members who
attended =1 EFP session/week and those
who attended <1 session/week. Average
attendance was determined by adding all
EFP visits across the year and dividing by
52 for number of visits per week. Because
in this study we were interested primarily
in differences in total health care costs be-
tween EFP participants and control sub-
jects and because subgroup analyses were
purely exploratory, statistical tests were
not adjusted for multiple comparisons.

To attempt further balancing of ob-
served covariates, we used propensity
score quintiles with regression adjust-
ment in a sensitivity analysis (16,17). We
estimated a logit model to generate each
patient’s propensity of joining EFP and
created quintiles of participants and con-
trol subjects with similar predicted pro-
pensity scores. The propensity score was
then entered as an additional covariate in
our cost model. The inclusion of propen-
sity scores did not change the results of
any of the models, so we present results
from the simpler multivariate models.

Robust SEs that did not require the
distributional assumptions to be exact
were used in all regressions. All statistical
procedures were performed with Stata
9.0 (Stata, College Station, TX). Institu-
tional review boards at GHC and the Uni-
versity of Washington approved the study
protocol.

RESULTS

Baseline characteristics
Participants and control subjects were
similar in age, RxRisk, and most individ-
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Table 1—Characteristics of subjects with diabetes before EFP enrollment

Control subjects EFP participants P value*
n 364 163
Demographics
Age 747 £52 753 6.0 0.29
Sex (% female) 76.4 66.9 0.02
Comorbiditiest
RxRisk ($) 3,835.7 £ 2,546.6 3,663.4 £ 24192 0.46
Arthritis 71 (19) 34 (21) 0.68
Coronary artery disease 90 (24) 32 (20) 0.22
Congestive heart failure 49 (13) 11 (7 0.03
Hypertension 142 (39) 63 (39) 0.99
Depression 41 (1D 19 (12) 0.86
A1C (%) 74+x15Mm=342) 73*x120m=152) 0.60
Prevention score¥ 1.6 1.6 20x16 0.02
Utilization summary measures
Hospitalized during baseline 53 (14.4) 29 (17.8) 0.32
Diabetes-related hospitalization 52 (14.3) 24 (14.7) 0.90
Annual primary care visits 70*£58 73*65 0.54
Diabetes-related visits 44 +40 42 *+37 0.58
Cost summary measures
Annual total health care costs ($) 5,764 = 7,309 6,541 * 8,624 0.32
Annual inpatient costs ($)§ 9,056 = 9,449 8,253 £ 11,351 0.75
Annual primary care costs ($) 010 %= 904 1,029 = 1,097 0.23

Data are means * SD or n (%) unless otherwise indicated. *Unadjusted comparisons using ¢ test for unequal
variance (continuous variables) or x* test (dichotomous variables). TRxRisk is expressed as predicted
6-month costs. Higher costs represent higher comorbidity; comorbid conditions (arthritis, coronary artery
disease, congestive heart failure, hypertension, and depression) were derived from problem lists for outpa-
tient visits. ¥Prevention score is the sum of the number of times a subject received colon cancer screening
(fecal occult blood test or flexible sigmoidoscopy), a screening mammogram, prostate cancer screening, an

influenza vaccine, or a pneumococcal vaccine during

the 2 years immediately preceding the index date

(range 0—8). §Average inpatient costs for members who had inpatient costs.

ual comorbid conditions, A1C levels, and
baseline health care use and cost variables
(Table 1). There were significant differ-

ences in the sex distribution (P = 0.02),
number of subjects with congestive heart
failure (P = 0.03), and prevention scores

Table 2—Utilization and costs with EFP enrollment 1 year after index start date

Nguyen and Associates

between EFP participants and control
subjects (P = 0.02).

Unadjusted comparisons between
EFP participants and control
subjects

The follow-up interval for all subjects was
12 months. Average total costs for EFP
participants and control subjects were not
significantly different ($7,278 vs. $8,637)
(Table 2). Participants used more primary
care services compared with control sub-
jects (8.2 vs. 7.0 visits, P = 0.06; $1,103
vs. $935, P = 0.08). Of EFP participants,
13.5% were admitted to the hospital at
least once during follow-up compared
with 20.9% of control subjects (P =
0.04). The average annual inpatient costs
for EFP participants were not significantly
different from those of control subjects
($9,859 vs. $11,049, P = 0.64).

Adjusted comparisons between EFP
participants and control subjects
After adjustment for possible imbalances
in age, sex, RxRisk, EFP attendance, pre-
vention score, heart registry, and each re-
spective use and cost variable, total
annual health care costs remained similar
between EFP participants and control
subjects (Table 2). The differences in hos-
pitalization rates between the two groups
were no longer significant (P = 0.08). Pri-
mary care use and costs were higher in
EFP participants compared with control
subjects (P < 0.001 and 0.04, respectively).

EFP participants (n = 163)f

Controls (n = 364) Unadjusted P value Adjusted P value*
Utilization measures

Hospitalized during follow-up 76 (20.9) 22 (13.5) 0.04 22 (13.5) 0.08
Annual primary care visits 7.0 (6.3-7.6) 8.2(7.1-9.2) 0.06 8.2(7.7-8.8) <0.001
Diabetes-related visits 5.1 (4.6-5.6) 4.5(3.9-5.1) 0.12 4.7 (4.3-5.1) 0.06
Cost measures
Annual total health care costs ($) 8,637 (7,249-10,025) 7,278 (5,795-8,762) 0.19 7,601 (5,700-10,105) 0.39
Annual inpatient costs ($)¥ 11,049 (8,203-13,895) 9,859 (5,528-14,191) 0.64 9,723 (5,635-16,794) 0.64
Annual primary care costs ($) 935 (838-1,032) 1,103 (938-1,269) 0.08 1,103 (944-1,299) 0.04

EFP attendance (classes)
Months 1-6
Months 7-12
Total months 1-12

26 * 47 (median 26 [range 1-67])
20 * 23 (median 13 [range 0-78])
48 = 37 (median 43 [range 1-145])

Data are means (95% CI) unless otherwise indicated. *P values derived from robust SE estimates from gamma (costs) or Poisson (utilization) regression analyses.
tAdjusted follow-up health care use and costs for EFP participants were derived by multiplying average control estimates by the ratio of participant/control estimates
from multivariate regression models that adjusted for age, sex, RxRisk, EFP attendance, prevention score, heart registry, and respective baseline use and cost. ¥Values
and comparisons based on average annual inpatient costs for members who had any inpatient costs.
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Figure 1—Total adjusted mean = SD annual health care costs by level of EFP use (control vs.
high EFP users, P = 0.02; low EFP users vs. high EFP users, P = 0.03).

Exploratory analysis: effects of EFP
attendance

The average exercise program attendance
over the 12 months was 0.92 class/week.
High EFP users were defined as attending
=1 class/week on average (n = 70) and
low EFP users as attending <1 class/week
(n = 93). High EFP users had a mean
attendance of 1.7 classes/week, whereas
low EFP users attended 0.4 class/week
over the 12-month follow-up period.
Only 47% of all participants attended at
least 1 EFP class 6 months after their in-
dex start date. For high EFP users, the
percentage of nonattendance in any
month across the 12 months ranged from
5.7 to 24.3% whereas nonattendance in
the low EFP users ranged from 8.6 to
84%.

At baseline, all three groups were
comparable in age, RxRisk, and A1C lev-
els. However, there were significantly
more men among high EFP users (44%)
compared with control subjects (23%)
and low EFP users (25%) (P = 0.001).
There was an incremental increase in
baseline prevention scores across all three
groups (control subjects 1.6 = 1.6; low
EFP 1.8 = 1.6; high EFP2.3 * 1.7, P =
0.01). There were no other important dif-
ferences in any baseline use or cost mea-
sures between these subgroups. In
adjusted models, high EFP users had
lower total annual health care costs
($5,441 [95% CI 3,628-7,946]) com-
pared with low EFP users ($9,155
[6,564-12,869], P = 0.03) and control
subjects ($8,637 [7,249-10,025], P =
0.02) (Fig. 1).

CONCLUSIONS — We found that
older Medicare beneficiaries with diabe-
tes who participated in an HMO-
sponsored community-based exercise

program had slightly fewer hospitaliza-
tions 12 months after program enroll-
ment compared with similar enrollees
who did not participate. Although there
were no significant differences in inpa-
tient or total health care costs between
control subjects and members with any
participation in EFP, those who partici-
pated in EFP more frequently incurred to-
tal health care costs that were, on average,
37% lower (—$3,196; P = 0.02) than
those of control subjects and 41% lower
(—%$3,714; P = 0.03) than members who
did not use EFP regularly. Higher users
had more average visits to EFP per week
and fewer months with nonattendance.
Because EFP sessions involve physical ac-
tivities considered moderate in intensity,
it is likely that high EFP use is at least a
marker for regular moderate physical ac-
tivity participation. In this context, it is
plausible that lower health care costs for
high EFP users, even after adjusting for
potential sources of confounding or selec-
tion bias, may have been mediated by a
direct effect of regular exercise on im-
proved cardiometabolic risk factor con-
trol and fewer hospital admissions for
acute hyperglycemic and cardiovascular
complications. Once an individual was
hospitalized for such an indication, how-
ever, it is not surprising that EFP use did
not appear to have a beneficial effect on
the duration or complexity of inpatient
care, so inpatient costs were no different
between participants and control subjects.

We were unable to identify other
published studies in which the impact of a
community-based exercise program on
health resource use was specifically exam-
ined in older adults with diabetes. Perkins
and Clark (18) studied the association be-
tween self-reported exercise and health
care costs in older adults with multiple

comorbidities. They found that subjects
who reported walking at least 120 min/
week had half the risk of hospitalizations
compared with subjects who reported no
walking. There were, however, no differ-
ences in total health care costs between
the two groups. Wagner et al. (11) re-
ported a similar increase in the number of
primary care visits over a 2-year period in
adult subjects with diabetes who partici-
pated in chronic care clinics from this
same HMO. Processes of care and select
health outcomes improved notably in the
intervention arm without increasing me-
dian total health care costs and hospital-
ization. A recent systematic review of
diabetes disease management programs
showed that inpatient hospitalizations
were reduced by a median of 18-31%
(19). 1t should be noted that most of the
studies included in this review had lim-
ited follow-up or were not specifically fo-
cused on older adults. Our findings of a
35% reduction in hospitalizations be-
tween EFP participants and control sub-
jects as well as a 37% reduction in total
health care costs between high EFP users
and control subjects compare favorably to
results of these disease management
programs.

Although we were able to adjust for a
number of key variables that were avail-
able from automated administrative data,
we were unable to account for all possible
differences in factors that could have an
impact on health care use and costs. The
finding that EFP participants had signifi-
cantly more primary care visits compared
with control subjects suggests a potential
selection bias and differences in individ-
ual health and health-seeking behavior
between the two groups. For instance,
people who seek out more contact with
the health care system might be more mo-
tivated to comply with medical treat-
ments, engage in more health screening
activities, increase their physical activity,
improve their diet, or quit smoking.
These behaviors may result in lower
health care costs regardless of participa-
tion in a formal exercise program. We at-
tempted to control for both health status
and health-seeking behavior by including
a measure of chronic disease burden, a
summary prevention score, and even an
empirically derived propensity score in
our regression models; however, it is pos-
sible that the observed differences are still
subject to residual confounding. For ex-
ample, Simon et al. (12) found that adults
with diabetes from this same HMO pop-
ulation who also have depression had a
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50-75% increase in health care costs
compared with those without depression.
We found no appreciable differences in
total health care costs when we controlled
for baseline inpatient and outpatient
mental health service use related to de-
pression and other common comorbidi-
ties. It is possible, for instance, that
because depression is often underdiag-
nosed and undertreated in older adults
(20), this proxy covariate is an inadequate
indicator and therefore does not fully ac-
count for the potential differences in over-
all well-being, self-care, and willingness
to participate in a community exercise
program. Another limitation was that we
did not have data on physical activity out-
side of the EFP.

High EFP users could have lower
health care costs if some participants were
capable of more frequent exercise because
of fewer health problems during follow-
up. Because we were unable to link EFP
attendance data with diagnoses of new
health problems or exacerbations of exist-
ing illnesses, we examined mean differ-
ences in primary and specialty care visits
and total costs between those members
who no longer attended any EFP classes
after 6 months and those who continued
to attend. Although we found no signifi-
cant differences in visit frequency and to-
tal costs, we acknowledge that this lack of
difference does not necessarily reflect
comparable health status between the low
and high EFP users during follow-up but
could simply be a function of inadequate
power. It is important to note that al-
though there were more women partici-
pating in the EFP, there were more men in
the high EFP user group. This finding is
consistent with other reports showing
greater difficulty in retaining older
women with chronic conditions in struc-
tured exercise programs for various rea-
sons including greater comorbidity, lack
of transportation, limited social support,
and interpersonal loss (21-23). Results of
randomized controlled studies of exercise
in other chronic conditions suggest that
exercise itself does not place patients at
increased medical risk, but rather the set-
backs associated with the development of
new medical conditions or exacerbations
of existing illnesses are key factors that
interfere with exercise persistence (24,
25).

The main findings from this study do
not provide definitive answers as to
whether or not a community exercise
health plan benefit for older adults with
diabetes leads to reductions in total health

care costs or if strategies by health care
organizations to increase participation in
such a benefit lead to greater organiza-
tional cost savings. However, the finding
of reduced costs in members who at-
tended more EFP classes should motivate
more detailed, longitudinal, prospective
multilevel studies of the natural trajectory
of physical activity in older adults with
diabetes. It is clear that a number of indi-
vidual physical and psychological factors
dynamically interact with and are shaped
by the social and physical environment to
influence whether or not older adults
adopt and engage in regular physical ac-
tivity over time (26). The best methodolog-
ical approach to studying the mediating
and moderating effects of these factors on
physical activity engagement and, conse-
quently, on health outcomes and expen-
ditures remains elusive (27,28).

Acknowledgments— This study was sup-
ported by the University of Washington
Health Promotion Research Center and by Na-
tional Institutes of Health Roadmap Grant K12
HD049100 (H.Q.N.). EM.B. was supported
by National Research Service Award T32/
HP10002.

Parts of this study were presented in ab-
stract form at the CDC International Congress
on Physical Activity, Atlanta, Georgia, 19 April
2006.

References

1. Martinson BC, O’Connor PJ, Pronk NP:
Physical inactivity and short-term all-
cause mortality in adults with chronic dis-
ease. Arch Intern Med 161:1173-1180,
2001

2. Kushi LH, Fee RM, Folsom AR, Mink PJ,
Anderson KE, Sellers TA: Physical activity
and mortality in postmenopausal women.
JAMA 277:1287-1292, 1997

3. Pratt M, Macera C, Wang G: Higher direct
medical costs associated with physical in-
activity. Physician Sportsmed 28:63-70,
2000

4. Hu G, Jousilahti P, Barengo NC, Qiao Q,
Lakka TA, Tuomilehto J: Physical activity,
cardiovascular risk factors, and mortality
among Finnish adults with diabetes. Dia-
betes Care 28:799-805, 2005

5. U.S. Department of Health and Human
Services: Behavioral risk factor surveil-
lance system [article online]. Available
from http://www.cdc.gov/ncedphp/dnpa/
physical/stats/index.htm. Accessed 7 May
2006

6. American Diabetes Association: Stan-
dards of medical care in diabetes. Diabetes
Care 28 (Suppl. 1):54-S36, 2005

7. Hogan P, Dall T, Nikolov P: Economic
costs of diabetes in the US in 2002. Dia-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nguyen and Associates

betes Care 26:917-932, 2003

. Martinson BC, Crain AL, Pronk NP,

O’Connor PJ, Maciosek MV: Changes in
physical activity and short-term changes
in health care charges: a prospective co-
hort study of older adults. Prev Med 37:
319-326, 2003

. Ackermann RT, Cheadle A, Sandhu N,

Madsen L, Wagner EH, LoGerfo JP: Com-
munity exercise program use and changes
in healthcare costs for older adults. Am |
Prev Med 25:232-237, 2003

Katon W], Rutter C, Simon G, Lin EH,
Ludman E, Ciechanowski P, Kinder L,
Young B, Von Korff M: The association of
comorbid depression with mortality in
patients with type 2 diabetes. Diabetes
Care 28:2668-2672, 2005

Wagner EH, Grothaus LC, Sandhu N,
Galvin MS, McGregor M, Artz K, Coleman
EA: Chronic care clinics for diabetes in
primary care: a system-wide randomized
trial. Diabetes Care 24:695-700, 2001
Simon GE, Katon W], Lin EH, Ludman E,
VonKorff M, Ciechanowski P, Young BA:
Diabetes complications and depression as
predictors of health service costs. Gen
Hosp Psychiatry 27:344-351, 2005
Putnam KG, Buist DS, Fishman P, An-
drade SE, Boles M, Chase GA, Goodman
MJ, Gurwitz JH, Platt R, Raebel MA, Ar-
nold Chan K: Chronic disease score as a
predictor of hospitalization. Epidemiology
13:340-346, 2002

Fishman PA, Goodman M]J, Hornbrook
MC, Meenan RT, Bachman DJ, O’Keeffe
Rosetti MC: Risk adjustment using auto-
mated ambulatory pharmacy data: the
RxRisk model. Med Care 41:84-99, 2003
Diehr P, Yanez D, Ash A, Hornbrook M,
Lin DY: Methods for analyzing health care
utilization and costs. Annu Rev Public
Health 20:125-144, 1999

D’Agostino RB Jr: Propensity score meth-
ods for bias reduction in the comparison
of a treatment to a non-randomized con-
trol group. Stat Med 17:2265-2281, 1998
Rosenbaum P, Rubin DB: The central role
of the propensity score in observational
studies for causal effects. Biometrika 70:
41-55, 1983

Perkins AJ, Clark DO: Assessing the asso-
ciation of walking with health services use
and costs among socioeconomically dis-
advantaged older adults. Prev Med 32:
492-501, 2001

Norris SL, Nichols PJ, Caspersen CJ, Glas-
gow RE, Engelgau MM, Jack L, Isham G,
Snyder SR, Carande-Kulis VG, Garfield S,
Briss P, McCulloch D: The effectiveness of
disease and case management for people
with diabetes: a systematic review. Am |
Prev Med 22:15-38, 2002

Vanltallie TB: Subsyndromal depression
in the elderly: underdiagnosed and un-
dertreated. Metabolism 54:39—-44, 2005
Lieberman L, Meana M, Stewart D: Car-

DiaBETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007

47

20z Iudy 01 uo 3sanb Aq 4pd-€0000.01009PZ/L8EYES/E/L/0EAPA-B]0NE/DIED/WOD JIBYDISA|IS EPE//:d]Y WOL PapEOjUMO]



|
Enhanced Fitness Program costs

22.

23.

24.

diac rehabilitation: gender differences in
factors influencing participation. ] Wom-
ens Health 7:717-723, 1998

Grace SL, Abbey SE, Shnek ZM, Irvine J,
Franche RL, Stewart DE: Cardiac rehabil-
itation II: referral and participation. Gen
Hosp Psychiatry 24:127-134, 2002
Wilcox S, King AC: The effects of life
events and interpersonal loss on exercise
adherence in older adults. ] Aging Phys Act
12:117-130, 2004

Brooks D, Krip B, Mangovski-Alzamora S,

25.

26.

Goldstein RS: The effect of postrehabilita-
tion programmes among individuals with
chronic obstructive pulmonary disease.
Eur Respir ] 20:20-29, 2002

Ries AL, Kaplan RM, Myers R, Prewitt LM:
Maintenance after pulmonary rehabilita-
tion in chronic lung disease: a random-
ized trial. Am J Respir Crit Care Med 167:
880-888, 2003

Brawley LR, Rejeski W], King AC: Pro-
moting physical activity for older adults:
the challenges for changing behavior.

27.

28.

Am J Prev Med 25:172-183, 2003
Maddigan SL, Majumdar SR, Johnson JA:
Understanding the complex associations
between patient-provider relationships,
self-care behaviours, and health-related
quality of life in type 2 diabetes: a struc-
tural equation modeling approach. Qual
Life Res 14:1489-1500, 2005

Park I, Schutz RW: An introduction to la-
tent growth models: analysis of repeated
measures physical performance data. Res
Q Exerc Sport 76:176-192, 2005

48

DiaBETES CARE, VOLUME 30, NUMBER 1, JANUARY 2007

20z Iudy 01 uo 3sanb Aq 4pd-€0000.01009PZ/L8EYES/E/L/0EAPA-B]0NE/DIED/WOD JIBYDISA|IS EPE//:d]Y WOL PapEOjUMO]



