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ARTICLE HIGHLIGHTS

• A pharmacist-led randomized trial of shared decision-making in diabetes prevention led to modest weight loss in
participants with prediabetes.

• Weight loss was sustained up to 3 years.
• Study participants who chose both lifestyle change and metformin had the greatest long-term weight loss.
• However, shared decision making did not result in lower diabetes incidence.
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OBJECTIVE

We conducted a cluster-randomized, shared decision-making (SDM) trial offering
lifestyle change, metformin, or both options, to adults at risk for diabetes in a pri-
mary care network (n = 20 practices).

RESEARCH DESIGN AND METHODS

We used propensity score matching to identify control patients and used elec-
tronic health record data to compare weight loss at 24 and 36 months of follow-
up and diabetes incidence at 36 months of follow-up.

RESULTS

In adjusted post hoc analyses, SDM participants (n = 489) maintained modestly
greater 24-month weight loss of23.1 lb and 36-month weight loss of22.7 lb versus
controls (n = 1,430, both comparisons P < 0.001). SDM participants who chose both
lifestyle change and metformin sustained weight loss at 36 months of 24.1 lb (P <
0.001 vs. controls).We found no differences in incident diabetes (15% of SDM partici-
pants, 14% of control participants; P = 0.64).

CONCLUSIONS

This is one of the first studies to demonstrate weight loss maintenance up to
36 months after diabetes prevention SDM.

Randomized controlled trials, including the Diabetes Prevention Program (DPP), have
demonstrated that lifestyle change and metformin both prevent or delay type 2 dia-
betes among patients at risk (1–4). Therefore, prediabetes is “preference-sensitive,”
a condition for which the evidence supports multiple options (5). Shared decision-
making (SDM) is a patient-centered approach for preference-sensitive conditions that
incorporates evidence-based information, provider experience, and patient values
and preferences (6). SDM uses decision aids (DAs) to guide decision-making and can
reduce decisional conflict while improving care satisfaction (7). However, prior evi-
dence of clinical improvement is limited. Diabetes prevention guidelines do not ex-
plicitly include SDM (8).
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Our research team previously imple-
mented a cluster-randomized trial of
pharmacist-led diabetes prevention SDM,
the Prediabetes Informed Decision and
Education (PRIDE) trial. We showed in-
creased uptake of DPP/lifestyle change
(23% vs. 0.4%) and metformin (19% vs.
1.6%) at 4 months and greater weight
loss at 12 months for SDM participants
versus control subjects (�5.3 lb vs.�0.2 lb,

P< 0.001) (9). In the current analysis, we
examined post hoc weight loss outcomes
at 24 and 36 months and diabetes inci-
dence at 36 months for SDM participants
versus control subjects.

RESEARCH DESIGN AND METHODS

The PRIDE study design has been de-
scribed elsewhere (9). In brief, we included

patients between 18 and 74 years with
overweight/obesity and prediabetes. We
excluded patients with diabetes, chronic
kidney disease stage 4 or higher, active
eating disorder(s), or who were pregnant
or planning to become pregnant in the
next year. Eligible patients in intervention
practices received a study invitation letter
signed by their primary care provider. The
study was approved by the University of

1,465 EHR Pool 879 Referral Pool 

2,344 Potentially Eligible

583 Excluded from Recruitment

Excluded by PCP (n=81)
Ineligible diabetes or not prediabetes (n=141)
Ineligible BMI (n=137)
Ineligible age (n=74)
Ineligible taking MTF or in DPP (n=39)
Ineligible contraindication such as CHF, nonskin 
cancer, dementia, etc. (n=26)
Ineligible other reason, such as language barrier, 
moved, pregnant, etc. (n=85)

1,761 Confirmed Eligible

515 SDM Completers entered 
into propensity model

1,246 SDM Noncompleters

Passive refusals such as unable to locate, unreturned 
calls (n=692)
Active patient refusals (n=554)

26 Excluded from Analysis 

Incomplete baseline weight (n=2)
No EHR data during follow-up period (n=1)
Died during follow-up period (n=1)
Trimmed top and bottom 2.5% with greatest weight 
change (n=22)

Analytic Sample of SDM 
Participants (n=489)

Figure 1—Consolidated Standards of Reporting Trials (CONSORT) flow for intervention practices. CHF, congestive heart failure; MFT, metformin;
PCP, primary care provider.
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California, Los Angeles Institutional Review
Board (IRB no. 15-000310) and was regis-
tered at ClinicalTrials.gov (NCT02384109).

Intervention
The in-person intervention was delivered
by pharmacists trained in motivational in-
terviewing, SDM, and use of the Health-
wise diabetes prevention DA, “Prediabetes:
Which Treatment Should I Use?” (10).
During SDM, patients chose one of four
options: 1) DPP/intensive lifestyle change,
2) metformin, 3) DPP/intensive lifestyle
change plus metformin, or 4) usual pri-
mary care. At 4 months, 23.4% of SDM
intervention patients had enrolled in DPP/
lifestyle change, 18.8% had started met-
formin, and 38.2% had initiated both (9).
Of patients who chose the DPP, 30% com-
pleted fewer than nine sessions, while
11% completed nine or more sessions.

Outcomes of Interest
In this pragmatic trial, we recruited inter-
vention participants with a documented
electronic health record (EHR) weight in
the 90 days prior to recruitment, although
we primarily used the weight measured
at their SDM visit as baseline. We set the
window for EHR weight measurement
among matched control subjects to 1 year
prior to the SDM date of the intervention
participant to which each control subject
was matched (or within 2 weeks after). Of
note, 86% of control subjects had an EHR
weight within 90 days before or 2 weeks
after their proxy date, which was used as
their baseline. Given this difference in
weight ascertainment, we controlled for
the interval between the weight measure-
ment and the SDM visit date in all models.
We used available weight measures clos-
est to the anniversary of the SDM visit
within 21 and 28 months to define the
24-month weight outcome, and within 32
and 40 months to define the 36-month
weight outcome. If no weight was avail-
able within those windows, weight change
was consideredmissing.

We measured incident type 2 diabetes
using EHR data, defined as 1) an inpatient
or outpatient International Classification
of Diseases billing code for diabetes, 2)
any HbA1c value $6.5%, or 3) any antigly-
cemia medication other than metformin.

Statistical Analyses
We estimated the required sample size for
the study using an interclass correlation

coefficient of 0.007 for practice-level clus-
tering, based on prior literature (11). For
the main analyses, we used an intention-
to-treat approach with outcomes assessed
universally regardless of the SDM option
selected. In hypothesis-generating analy-
ses, we examined weight loss among
subgroups based on uptake of diabetes
prevention and completion of DPP ses-
sions. We defined our control sample
using a propensity score that modeled el-
igible, contacted patients in intervention
practices to predict the likelihood of SDM
participation (enrollment). As EHR weights
are prone to data entry errors, we trimmed
the top and bottom 2.5% with the greatest
and smallest weight change from our inter-
vention and control samples (Fig. 1). We
had similar frequencies of missing follow-
up weights for the intervention (23%
missing at 24 months, 30% at 36 months)
and control participants (23% missing at
24months, 28% at 36months).To address
missing weight data, we used pattern-
mixture modeling with control-based
pattern imputation.

We used generalized linear mixed-
effects models to compare weight change
and a Cox proportional hazards model to
estimate differences in incident diabetes in
a survival analysis. Weight change models
included fixed effects for time, treatment
group, and time-treatment interactions,
and random effects for patients and practi-
ces to account for repeatedmeasurements
within patients and practice clustering.We
adjusted for sex, race, and ethnicity, along
with days from baseline weight to start of
the study window as this differed by study

arm. Cox proportional hazard models also
controlled for HbA1c, BMI, and age. Analy-
ses were done using SAS 9.4 software (SAS
Institute).

RESULTS

Intervention (n = 489) and control (n =
1,430) participants had relatively similar base-
line BMI, HbA1c, and age values (Table 1).
There were nonsignificant racial and eth-
nic differences between groups, for Black
race (15% intervention vs. 11% control,
standardized mean difference [SMD] =
0.19 for test of overall racial differences),
Latino/Hispanic ethnicity (16% interven-
tion vs. 13% control, SMD = 0.19), as well
as sex (55% women in intervention vs.
61% women in control, SMD = 0.12).

Overall, intervention participants had
greater unadjustedweight loss at 24months
versus matched control subjects (�4.0 lb vs.
�0.7 lb, P < 0.001). As shown in Table 2,
the adjusted difference in mean weight
loss at 24 months between the groups was
�3.1 lb (95% CI�4.2,�1.9; P< 0.001). In-
tervention participants maintained greater
unadjusted weight loss at 36 months ver-
sus matched control subjects (�4.3 lb vs.
�1.1 lb, P< 0.001). Similarly, the adjusted
difference inmeanweight loss at 36months
between the groups was �2.7 lb (95% CI
�3.9, �1.4; P < 0.001). Weight loss was
greatest among participantswho completed
nine or more DPP sessions and was rela-
tively sustained at 36 months (�4.1 lb;
95% CI �6.4, �1.8; P < 0.001) (Table 3).
Weight loss at 36 months was similar for
participants who completed fewer than
nine DPP sessions (�1.9 lb), started

Table 1—Demographic characteristics of the study population

Intervention
(n = 489)

Matched control subjects
(n = 1,430)

SMD
(absolute value)

Age, years, mean (SD) 55.5 (11.5) 56.8 (11.0) 0.12

Female sex, % 55 61 0.12

Race, % 0.19

Asian/Pacific Islander 19 19
Black 15 11
White 47 55
Other 16 13
Unknown 3 2

Ethnicity, % 0.19

Latino/Hispanic 16 13
Not Latino/Hispanic 79 85
Unknown 4 3

Baseline BMI, kg/m2, mean (SD) 30.2 (5.1) 30.3 (5.8) 0.02

Baseline HbA1c, % (SD) 6.0 (0.2) 5.9 (0.2) 0.09
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metformin only (�2.3 lb), or had no up-
take of either strategy (�2.3 lb). In terms
of incident diabetes, 15% of intervention
participants (n = 71) developed diabetes
over 36 months compared with 14% of
control subjects (n = 195), and this dif-
ference was not statistically significant
(P = 0.64).

CONCLUSIONS

We found that participation in diabetes
prevention SDM led to greater weight
loss at both the 24- and 36-month fol-
low-up among patients with overweight/
obesity and prediabetes, but we found
no differences in diabetes incidence. This
is one of the first longitudinal studies to
demonstrate modest, persistent weight
loss after brief diabetes prevention SDM,
and the results support a potential role
for SDM in diabetes prevention.
Diabetes prevention SDM matches pa-

tients to prevention options that most
closely align with their preferences and
values. This is important in the context of
low uptake and retention for lifestyle
change programs. Only 5–15% of patients
with prediabetes are advised by their
health care providers to participate in
a weight loss or diabetes prevention

program, and of that group, only 35–40%
actually participate (12). A recent analysis
of two health systems found that 72% of
referred patients never showed up to the
DPP, while 13% attended one to three
sessions and only 15% attended four or
more sessions (13). Interactive patient en-
gagement with SDM is similar to “session
zero” preprogram activities that have in-
creased retention and clinical outcomes
for the DPP and other chronic disease
self-management programs (14,15).

Our study had several limitations. First,
the SDM intervention was conducted in a
single health system with pharmacists em-
beddedwithin primary care practices, which
may limit generalizability.

Second, intervention patientswho opted
in for SDMmay have beenmoremotivated
to lower their diabetes risk than nonpartici-
pants. To help address possible selection
bias, we created a propensity score predict-
ing the likelihood of study enrollment and
used this to identify comparable control pa-
tients who would have a similar propensity
to enroll.

Finally, this pragmatic study collected
weight outcomes from the EHR, resulting
in data missingness for patients who did
not have follow-up clinical encounters
in our study window. However, rates of

data missingness were very similar for in-
tervention and control participants, which
make differential bias by study arm less
likely, and we used a conservative ap-
proach of pattern-mixture modeling with
control-based pattern imputation in our
study analyses. Still, it is not possible to
entirely eliminate bias due to nonrandom
missingness, and our results should be in-
terpreted in that context.

In conclusion, we found that diabetes
prevention SDM that includes both lifestyle
change and metformin as evidence-based
diabetes prevention options is associated
with weight loss at 24 and 36 months of
follow-up in a diverse population of pa-
tients with prediabetes. While we did not
detect a reduction in diabetes incidence,
our finding of modest, sustained weight
loss for up to 3 years in a real-world setting
supports SDM as a potentially effective ap-
proach to diabetes prevention for high-risk
patients with prediabetes.
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