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IMPORTANCE: Intensive lifestyle change (e.g., the Diabe-
tes Prevention Program) and metformin reduce type 2
diabetes risk among patients with prediabetes. However,
real-world uptake remains low. Shared decision-making
(SDM) may increase awareness and help patients select
and follow through with informed options for diabetes
prevention that are aligned with their preferences.
OBJECTIVE: To test the effectiveness of a prediabetes
SDM intervention.

DESIGN: Cluster randomized controlled trial.

SETTING: Twenty primary care clinics within a large re-
gional health system.

PARTICIPANTS: Overweight/obese adults with prediabe-
tes (BMI > 24 kg/m2 and HbAlc 5.7-6.4%) were enrolled
from 10 SDM intervention clinics. Propensity score
matching was used to identify control patients from 10
usual care clinics.

INTERVENTION: Intervention clinic patients were invited
to participate in a face-to-face SDM visit with a pharma-
cist who used a decision aid (DA) to describe prediabetes
and four possible options for diabetes prevention: DPP,
DPP = metformin, metformin only, or usual care.

MAIN OUTCOMES AND MEASURES: Primary endpoint
was uptake of DPP (>9 sessions), metformin, or both
strategies at 4 months. Secondary endpoint was weight
change (Ibs.) at 12 months.

RESULTS: Uptake of DPP and/or metformin was higher
among SDM participants (n=351) than controls receiving
usual care (n=1028; 38% vs. 2%, p <.001). At 12-month
follow-up, adjusted weight loss (Ibs.) was greater among
SDM participants than controls (- 5.3 vs. —0.2, p<.001).
LIMITATIONS: Absence of DPP supplier participation da-
ta for matched patients in usual care clinics.
CONCLUSIONS AND RELEVANCE: A prediabetes SDM
intervention led by pharmacists increased patient engage-
ment in evidence-based options for diabetes prevention
and was associated with significantly greater uptake of
DPP and/or metformin at 4 months and weight loss at
12 months. Prediabetes SDM may be a promising
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approach to enhance prevention efforts among patients
at increased risk.

TRIAL REGISTRATION: This study was registered at
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INTRODUCTION

Shared decision-making is a hallmark of patient-centered care
and supports patients to achieve informed decisions aligned with
their preferences." * Shared decision-making (SDM) incorpo-
rating decision aids (DA) reduce decisional conflict and im-
proves patient knowledge, risk perceptions, and satisfaction with
care. * SDM was included in the 2001 Institute of Medicine®
report and Section 3506 of the Affordable Care Act (ACA).°
SDM has been applied in many clinical conditions” ® but we are
not aware of any prior applications for diabetes prevention.

Prediabetes is an ideal SDM scenario since it is a preference-
sensitive condition with several effective prevention strategies
(intensive lifestyle intervention, such as the Diabetes Prevention
Program [DPP], metformin, or both)."®"* Intensive lifestyle
intervention has the greatest overall diabetes risk reduction, but
care guidelines also endorse metformin for higher risk patients
(individuals who are obese, < 60 years of age, and women with a
history of gestational diabetes).'"'® Although there is no FDA
indication for use in prediabetes, metformin has been shown to be
safe, well tolerated, and potentially cost saving."''* SDM can
help align patient’s choices regarding diabetes prevention with
their personal preferences for care. Since only 11% of the esti-
mated 84 million US adults with prediabetes are aware of their
diagnosis,'” SDM using a high-quality DA should increase pa-
tient awareness of prediabetes, which in turn may be associated
with greater adoption of diabetes prevention strategies.”’


https://www.clinicaltrials.gov/ct2/show/NCT02384109
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-05238-6&domain=pdf

JGIM Moin et al.: Effectiveness of SDM for Diabetes: 12-Month Results from the PRIDE Study 2653

We tested the effectiveness of a prediabetes SDM interven-
tion among overweight/obese patients with prediabetes on
several important outcomes, including uptake of intensive
lifestyle change (> 9 sessions DPP and/or metformin) and
weight loss at 12-month follow-up. We hypothesized that a
prediabetes SDM intervention would be associated with great-
er uptake of DPP and/or metformin and greater weight loss as
compared with usual care. To our knowledge, this is the first
study to assess the effectiveness of a SDM intervention for
patients with prediabetes.

METHODS
Design Overview

We designed a cluster randomized trial, with clinics as the unit
of randomization, to examine (1) uptake of DPP and/or met-
formin and (2) weight change among overweight/obese adults
with prediabetes who participated in SDM for diabetes pre-
vention versus propensity score—matched patients receiving
usual care. The study was approved by the Institutional Re-
view Board at the University of California, Los Angeles.

Setting and Participants

We conducted this study from 2015 to 2018 at UCLA Health,
which includes an extensive primary care network in the
greater Los Angeles region. We stratified 20 primary care
clinics by clinic size and mean patient age, randomizing 10
clinics to the SDM intervention and 10 to usual care (we
launched in 16 clinics [8 intervention and 8 control] and
subsequently added the last 4). We used electronic medical
record (EMR) data to identify overweight/obese patients
(body mass index [BMI]>24 kg/m? or >22 kg/m? if Asian)
with prediabetes (HbA1lc 5.7-6.4% within the prior 3 months)
between 18 and 74 years of age. We excluded patients with
diabetes (any HbA lc > 6.4% or International Classification of
Diseases [ICD] 250.xx/diabetes problem list or antiglycemic
medications and/or insulin), chronic kidney disease (estimated
glomerular filtration index < 45 ml/min), active eating disor-
der(s), and women who had polycystic ovary syndrome or
were pregnant or planning to get pregnant in the next year.

After identifying potentially eligible patients, we notified
their primary care providers (PCPs) who had the option of
excluding patients for whom they felt the study was inappro-
priate (e.g., terminal illness, inability to tolerate 150 weekly
minutes of physical activity). PCPs could also refer other
patients with prediabetes to the study. All eligible patients
received a standardized invitation letter signed by their PCP
to schedule a visit with a pharmacist to learn about prediabetes
and their options for diabetes prevention.

Intervention

The SDM intervention was delivered by clinical pharmacists
already working collaboratively with PCPs in each clinic. We

provided training in SDM and DA use, with quarterly refresh-
er training sessions throughout the trial. Healthwise, a national
provider of health information and patient decision support
tools for over 35 years, produced the DA. The DA entitled,
“Prediabetes: Which Treatment Should I Use?”, provides in-
formation about prediabetes, intensive lifestyle change, and
metformin as two evidence-based options for diabetes preven-
tion, and summarizes the relative risk reduction as well as
potential side effects of each option. The DA meets quality
standards established by the International Participant Decision
Aid Standards (IPDAS) collaboration.?!

Patients met face-to-face with an SDM pharmacist in a
private room in their usual primary care clinic. After
confirming patient eligibility and documenting written in-
formed consent, the pharmacist delivered the SDM interven-
tion over 35—45 min. The DA was presented in the form of a
web-based interactive tool on the computer available in the
clinic room. The pharmacist and patient went through the
standardized DA material together, which was presented in
six sequential steps: (1) Get the Facts, (2) Compare Options,
(3) Your Feelings, (4) Your Decision, (5) Quiz Yourself, and
(6) Your Summary. The DA introduced the concept of having
choices for diabetes prevention and described four possible
prevention options—(1) DPP alone, (2) metformin alone, (3)
DPP together with metformin, or (4) usual primary care.
Pharmacists walked patients through the DA steps and helped
them explore their preferences and make decisions. Patients
were provided a printed copy of a summary report with their
decision and plan at the end of the SDM visit. Pharmacists also
completed an EMR note template to communicate patient’s
choices with PCPs. Patients choosing metformin received a
prescription from the pharmacist after PCPs indicated approv-
al. Pharmacists ordered follow-up labs to monitor renal func-
tion as needed.? Patients choosing DPP were referred to local
DPP providers participating in the CDC Diabetes Prevention
Recognition Program (DPRP). The intervention did not cover
costs for DPP or metformin prescriptions.

Outcomes of Interest

Our primary outcome was DPP (>9 sessions attended) and/or
metformin uptake at 4-month follow-up (data up to 8 months
post-SDM was included). We received DPP attendance data
for intervention patients from DPP suppliers. Because it was
not feasible to collect informed consent from matched con-
trols, DPP suppliers could not share DPP participation data
from controls. Therefore, we conducted natural language
queries of all EMR progress notes between 2015 and 2018
to capture participation in DPP or any other structured weight
loss program. Metformin uptake was assessed using EMR
medication reconciliation notes.

A clinically important secondary outcome was weight
change at 12 months. We used EMR weight data. Baseline
weights for SDM participants were within 2 weeks (before or
after) the SDM visit. We used the closest available weight
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measures within 9-16 months to define the 12-month
outcome.

Statistical Analyses

As this was the first prediabetes SDM trial, we did not have
prior data to estimate effect sizes. Given the low rates of
uptake of intensive lifestyle change (<5%°) or metformin
use (3.7%>%), a differential increase of 12% points of either
strategy among intervention patients as compared with con-
trols seemed clinically meaningful (since this represents about
a twofold increase from national estimates). Using an
intraclass correlation coefficient (ICC) of 0.007 (from a pri-
mary care cluster randomized trial of sedentary patients
intending to start an exercise program), enrolling 560 patients
provided 90% power to detect a difference between arms in
our primary outcome. We conservatively estimated 25% attri-
tion at 12 months and planned to recruit 700 participants (350
SDM patients and 350 patients from usual care clinics) to
maintain 90% power for the primary outcome.

We used propensity score matching to define a control
group. We modeled a propensity score among all eligible,
contacted patients in SDM clinics to predict the likelihood of
SDM participation (enrollment). The model coefficients were
then used to derive propensity scores on which to match for all
eligible patients in control clinics. To control for secular time-
trends, we identified controls with HbAlc results within
3 months of our intervention patients. We conducted a 3:1
match with replacement using the following individual-level
variables: age, gender, race, ethnicity, income, BMI, hemoglo-
bin Alc, eGFR, insurance type, number of comorbidities (0, 1,
2, 3+), and frequency of baseline provider visits. We also
included 11 comorbidity indicators for hypertension, hyper-
lipidemia, coronary artery disease, chronic obstructive pulmo-
nary disease, atrial fibrillation/arrhythmia, stroke, peripheral
vascular disease, osteoarthritis, depression, anxiety, and sub-
stance abuse.

We used generalized linear mixed effects models to com-
pare (1) DPP and/or metformin uptake at 4 months and (2)
weight change at 12 months between groups. Our baseline
date for intervention patients was their SDM visit day and
controls were assigned the same baseline date to whom they
were matched (i.e., pseudo-baseline). Weight change models
used an intent-to-treat analytic approach and included fixed
effects for time, treatment group and time-treatment interac-
tions, and random effects of patients and clinics to account for
repeated measurements within patients and clinic clustering.
We also adjusted for the days from baseline weight to the start
of the study window since this was different between arms.

To address 12-month missing weight data, we conducted a
sensitivity analysis using pattern-mixture modeling®* *° with
control-based pattern imputation (generated 12-month weight
change if a follow-up weight assessment was not available
between 9 and 16 months). Since baseline gender and HbAlc
were statistically different between groups, we conducted a

second sensitivity analysis adjusting for these variables. We
also adjusted for rates of weight loss medication use (inter-
vention 4.6% vs. control 3.6%, p =0.42) since we had not
included this in the propensity score. Three additional sensi-
tivity analyses examined interaction terms between interven-
tion and individual-level variables to assess if effectiveness of
the SDM intervention varied by age (< 60 vs. > 60 years), BMI
(<35 vs. >35 kg/mz), or baseline HbAlc (5.7-5.9 vs. 6.0—
6.4%). A sixth sensitivity analysis was conducted to remove
weight change outliers (we excluded 5% of the sample, 2.5%
from the bottom and 2.5% from the top).

We also calculated our ICC, representing the proportion of
total variation in DPP and/or metformin uptake attributable to
the clinic level, using a formula described by Wu et al.*® All
analyses were done using SAS, version 9.3 (SAS Institute),
and STATA, version 14.2 (StataCorp).

Role of the Funding Source

This study was funded by the National Institute of Diabetes
and Digestive and Kidney Diseases (R18 grant number
DK105464). The funding source had no role in the study
design, conduct, reporting, or decision to submit the manu-
script for publication.

RESULTS

Between November 2015 and 2016, EMR screening and PCP
referrals yielded 1555 potentially eligible participants from 10
SDM clinics; 1222 met all initial eligibility criteria. We ex-
cluded 64 patients based on PCP advice, leaving 1158 who
were mailed SDM invitation letters. We were able to reach 680
patients and 52% (n=351) of them completed the SDM
intervention between November 2015 and October 2016
(Fig. 1).

Our propensity score matching identified 1046 control pa-
tients from 10 usual care clinics. After excluding anyone
missing baseline weights or meeting other exclusion criteria
(n=18), we had 1028 control patients. As compared with
controls, SDM participants were less likely to be female
(58.7 vs. 66.8%, p=0.006) and had a small difference in
baseline HbAlc (5.96 vs. 5.94%, p=0.033, Table 1). Time
from baseline weight to the start of the assigned study window
was significantly different between groups (1.4 days for inter-
vention patients vs. 41 days for controls, p <.001).

Primary Outcome—Uptake of DPP and/or Met-
formin at 4-Month Follow-up

Over 83% of SDM participants selected a diabetes prevention
strategy (DPP, metformin, or both); 260 chose DPP (with or
without metformin) and 32% (n=283) completed >9 DPP
sessions. In comparison, 0.4% of control patients (n =7) had
any EMR evidence of lifestyle change participation (DPP or
any other weight loss program). SDM participants were also
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Figure 1 Consort flow for intervention clinics.

more likely to use metformin than control patients (19% vs.
1.6%, p < .001). Overall, uptake of DPP and/or metformin was
38% among SDM participants vs. 2% in control patients at 4-
month follow-up (p <.001) (Table 2).

Secondary Outcome—Weight Change at 12-
Month Follow-up

Weight documentation at 12 months was available for 89%
(n=312) of SDM participants and 83% (n = 856) of usual care
patients between 9 and 16 months. Unadjusted mean weight
loss at 12-month follow-up was higher among SDM than
usual care participants (— 5.2 Ibs. [SD 11.2] vs. —0.2 lbs.
[SD 10.9] (p <.001)) (Table 3). The adjusted difference in
mean weight loss between groups was — 5.1 Ibs. (CI —6.5, —
3.7, p <.001). Mean percent weight loss was also 2.7% higher
among SDM than usual care participants (95% CI —3.4,—2.0,
p <.001).

Sensitivity analyses to address missing 12-month follow-up
weight assessments (11% for intervention patients and 17%
for controls), adjust for baseline differences in gender and
HbA Ic and use of weight loss medications, and remove ex-
treme outliers did not significantly change results (see Table 4).
Models incorporating interaction terms between intervention
and age (<60, >60 years), BMI (<35, >35 kg/mz), or

baseline HbA lc (5.7-5.9, 6.0-6.4%) also did not significantly
change results. Our ICC for uptake of a diabetes prevention
strategy was 0.026, indicating that less than 3% of the variation
in uptake was explained by differences among SDM and usual
control clinics.

DISCUSSION

We found a prediabetes SDM intervention delivered by phar-
macists in primary care led to significantly higher DPP and/or
metformin uptake at 4 months and greater weight loss at
12 months as compared with usual care. To our knowledge,
the PRIDE study is one of the first studies to use SDM for
prediabetes and to translate both evidence-based arms of the
DPP (lifestyle, metformin) in real-world primary care.

Over one-third of SDM participants had DPP (> 9 sessions)
and/or metformin uptake as compared with 2% of control
patients. Although intensive lifestyle change and metformin
are both effective options for diabetes risk reduction, uptake of
both strategies remains very low in real-world settings. Na-
tional estimates of any intensive lifestyle change uptake
among patients with prediabetes are not readily available but
participant-level evaluation of the National CDC DPRP in-
cluded data on 14,747 US adults enrolled in the National DPP
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Table 1 Comparison of Baseline Characteristics After Propensity

Matching
Baseline characteristics SDM Usual P value
patients  care
N=351 patients
N=
1028

Mean age 559 56.3 .562

(years) (11.5) (11.6)

Female 58.7% 66.8% .006

Race White 52.2% 52.6% 442
AA 13.1% 16.2%

Asian 21.5% 20.2%
Other 13.1% 11.1%

Ethnicity Hispanic 15.2% 14.4% 726
Non-Hispanic 84.8% 85.6%

Income 1, <$48,379 18.5% 16.6% .696
2, 22.8% 25.3%
$48,380-$66,894  33.6% 34.3%

3, 25.1% 23.7%
$66,895-$87,346
4, $87,347+

Mean BMI 304 30.3 .630

(kg/m?®) (5.0 (5.8)

HbAlc (%) 5.96 5.94 .033

(.20) (.20)
eGFR (mg/ >89 20.8% 20.0% .856
mmol) 60-89 71.5% 71.4%
45-69 7.7% 8.6%

Medicaid 3.1% 4.4% .308

Medicare 24.8% 27.0% .408

Number of 0 24.5% 26.8% 755

comorbidities 1 29.6% 27.3%

2 25.4% 25.7%
3+ 20.5% 20.1%

HTN 36.5% 39.5% .363

HL 49.0% 44.4% 131

CAD 2.0% 3.8% .105

Afib/ 6.5% 6.2% .828

arrhythmia

COPD 14.5% 11.1% .086

CVA 3.4% 2.0% 113

PVD 0.6% 0.6% 976

Osteoarthritis 11.7% 14.3% 217

Depression 14.5% 14.6% .874

Anxiety 10.8% 10.2% 745

Substance 3.4% 3.8% 748

abuse

Frequency 0-1 11.4% 9.5% 232

baseline 2 13.1% 9.7%

visits 3 14.5% 15.5%
4+ 61.0% 65.3%

Days from 14 8.3) 41.0 <.001

baseline (54.9)

weight to

SDM consult

date

Weight loss 4.6% 3.6% 420

medication

use*

SDM shared decision-making, eGFR estimated glomerular filtration
rate

*Weight loss medication use variable was not included in the propensity
match

between 2012 and 2016 in an estimated pool of over 80
million Americans with prediabetes.27 In addition, a system-
atic review of DPP implementation in real-world settings
found that 71% (n =25) of studies achieved low participation
rates, half of which were participation rates < 10%.?® Similar-
ly, studies have shown that metformin is rarely used for
individuals with prediabetes, with prior estimates ranging
between <1 and 8.1%.%° The low levels of DPP and/or

Table 2 Uptake of DPP, Metformin, or Both at 4-Month Follow-up

Primary outcome SDM patients Usual care P

N=351 patients N=1028  value
Uptake DPP 23.4% 0.4% <.001
Uptake metformin 18.8% 1.6% <.001
Uptake DPP and/or  38.2% 2.0% <.001

metformin

SDM shared decision-making, DPP diabetes prevention program

metformin uptake in real-world settings provide needed con-
text to assess the magnitude of effects observed in this trial.
The fact that 38% patients who completed a one-time SDM
visit, lasting between 35 and 45 min, engaged in DPP and/or
used metformin is noteworthy.

The significant weight loss observed among intervention
participants further confirms the effectiveness of prediabetes
SDM. We assessed weight outcomes using objective EMR
data and an intent-to-treat analytic approach for all participants
(i.e., we included those who did not choose a diabetes preven-
tion strategy during SDM and those that did not follow
through with DPP and/or metformin). The overall adjusted
difference in weight loss between groups was —5.1 lbs. at
12 months. This degree of weight loss is clinically meaningful
for overweight/obese patients with prediabetes since every
kilogram of weight loss (2.2 lbs.) was associated with a 16%
relative diabetes risk reduction over 3 years of follow-up in the
DPP study.*® The fact that only 11% of adults with prediabetes
are aware of their diagnosis'® underscores the importance of
an SDM approach to help improve prediabetes awareness,
willingness to consider options for diabetes prevention, and
perhaps improved adherence to DPP and/or metformin.!

Recent studies have shown that individuals with prediabetes
consider both intensive lifestyle interventions and metformin
as reasonable options.>? However, studies have shown that up
to three-fourths of adults with prediabetes are not provided
with an appropriate plan during a PCP visit.** Providers infre-
quently address prediabetes during visits and even when pre-
diabetes is addressed, there is variability in the options pre-
sented to patients.** To effectively address these gaps, predi-
abetes care must be enhanced without increasing the burden
on already-taxed PCPs, who typically address numerous com-
peting medical demands during time-limited visits. Since

Table 3 Change in Weight (lbs.) at 12-Month Follow-up

Outcome SDM Usual care Difference P
patients patients value
N=351 N=1028

Unadjusted weight —5.2 lbs. —0.2 Ibs. —5.0 lbs. <.001

change (SD) (11.2) (10.9)

Adjusted weight —5.3 Ibs. —0.2 Ibs. —=5.1 lbs. <.001

change (CI) * (-6.5,-4.1) (=0.9,0.5) (=6.5,-37)

Ibs. pounds, CI confidence interval, SDM shared decision-making, SD
standard deviation

*Adjusted estimates were generated via repeated measures mixed
models that accounted for clinic clustering and controlled for days from
baseline weight measurement to baseline date
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Table 4 Results of Sensitivity Analyses Examining Change in Weight (Ibs.) at 12-Month Follow-up

Sensitivity analysis for 12-month weight outcome SDM patients Usual care patients Difference (Ibs.) P value
N=351 N=1028

Adjust for gender, Alc, and weight loss med use (CI) —5.3 Ibs. —0.2 Ibs —5.1 Ibs. <.001
(—=6.5,-4.1) (=0.9,0.5) (=6.5,-3.7)

Imputation for missing 12-month follow-up weight assessments —4.6 Ibs. —0.2 Ibs —4.4 lbs. <.001
(-6.0,-32) (=0.9,0.5) (=5.9,-28)

Main model with age interaction term (CI) —5.2 Ibs. —0.2 Ibs. —5.0 Ibs. <.001
(—6.5,-4.0) (=09, 0.5) (—=6.5,-3.6)

Main model with BMI interaction term (CI) —6.3 Ibs. —0.6 lbs. —5.8 Ibs. <.001
(=79, -4.38) (-1.5,04) (=7.6,—4.0)

Main model with HbAlc¢ interaction term (CI) —5.3 Ibs. —0.2 Ibs. —5.1 Ibs. <.001
(-6.5,-4.1) (=0.9,0.5) (—6.5,-3.7)

Removal of outliers* (CI) —4.3 lbs. 0.0 Ibs. —4.3 Ibs. <.001
(-52,-34) (=0.5,0.6) (-54,-32)

Ibs. pounds, SDM shared decision-making, CI confidence interval, BMI body mass index
*Qutlier sensitivity analysis = removal of 2.5% top and 2.5% bottom outliers in weight change values

health systems are increasingly incorporating allied health
professionals to work collaboratively with PCPs to manage
chronic conditions,’ 5746 such models may also be a natural fit
to address gaps in care for patients with prediabetes.

Overall, prediabetes is an ideal clinical condition to apply
SDM since prevalence of this condition is high, awareness is
low, and several reasonable and effective options are available to
patients. One strategy to simultaneously help enhance prediabetes
care delivery without over burdening PCPs is to include predia-
betes SDM visits led by pharmacists or other allied health care
professionals. Future studies should examine prediabetes SDM
delivery led by other allied health care professionals since phar-
macists may not be widely available in all health systems.

This study has several important limitations. First, this trial
was conducted at UCLA Health where pharmacists were
integrated in a large network of primary care clinics, which
may limit generalizability. However, the UCLA Health system
spans a very large region with a mix of primary care clinic
settings and our sample included 38% AA and Hispanic
participants. Second, the intervention patients who chose to
participate may have been more motivated than others to lower
their diabetes risk. To help address possible selection effects,
we created a propensity score predicting the likelihood of
study enrollment and used this to identify comparable (i.e.,
“control”) patients who would have a similar propensity to
enroll. Finally, we did not receive data from DPP suppliers for
controls. However, we used EMR queries to examine uptake
of intensive lifestyle interventions among controls and conser-
vatively included any indication of participation in any life-
style change program as meeting the criteria for uptake.

CONCLUSIONS

We found that a pharmacist-led SDM intervention for
diabetes prevention was associated with higher uptake of
DPP and/or metformin at 4-month and weight loss at 12-
month follow-up. Eighty-four million US adults have pre-
diabetes but most are unaware of their diagnosis and few
engage in evidence-based therapies, such as intensive

lifestyle change and/or metformin, to reduce their risk of
incident type 2 diabetes. Shared decision-making is criti-
cally important to increase prediabetes awareness and help
patients make informed decisions regarding options for
diabetes prevention that align with their preferences and
values which they are willing to follow through on.
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