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ABSTRACT
Introduction To investigate long- term metformin 
adherence in the Diabetes Prevention Program Outcomes 
Study (DPPOS) by examining: (1) predictors of long- term 
adherence to study metformin and (2) whether metformin 
adherence was associated with incident type 2 diabetes.
Research design and methods DPPOS was an 
open- label continuation of the randomized clinical trial 
(Diabetes Prevention Program (DPP)) in which eligible 
participants randomized to the metformin group were 
offered study metformin and followed over 11 years. A 
brief structured adherence interview was administered 
semiannually. Metformin adherence was assessed by pill 
counts. Predictors of metformin adherence were examined 
in multivariate regression models. Incident diabetes 
associated with metformin adherence and other variables 
was assessed in Cox proportional hazards models.
Results Of 868 participants eligible to continue taking 
study metformin, 664 (76%) took at least some metformin 
over 11 years, with 478 of them reporting problems 
with adherence. DPPOS cumulative adherence showed 
significant associations of higher adherence (≥80%) 
with early adherence at 3 months in DPP (p<0.001) 
and lower depression scores during DPPOS (p<0.001); 
significant differences were also seen by race/ethnicity 
(p<0.004). Predicting adherence by multivariate modeling 
showed odds of adherence significantly lower for Black 
participants and for participants reporting more than one 
barrier. Odds for adherence were significantly higher 
for those adherent early in DPP and those reporting at 
least one planned strategy to improve adherence. Higher 
metformin adherence was significantly associated with 
a lower diabetes risk (p=0.04), even after adjustment for 
demographic variables, depression, and anxiety scores.
Conclusions In this long- term diabetes prevention study, 
early metformin adherence and planned strategies to 
promote adherence improved long- term adherence over 
11 years; higher adherence to metformin was related 
to lower diabetes incidence. Incorporating strategies to 
promote adherence when initially prescribing metformin 
and counseling to support adherence over time are 
warranted.

INTRODUCTION
Individuals with an established disease are 
often presumed to have an intrinsic motiva-
tion to adhere to prescribed medications in 

order to alleviate symptoms or slow progres-
sion of their disease. Many studies, however, 
indicate that adherence to medications 
prescribed for a diagnosed disease is less than 
optimal.1–3 Far less is known about adher-
ence to medications intended to prevent or 
delay development of a disease among at- risk 
individuals.

Primary prevention of type 2 diabetes 
requires long- term adherence to proven life-
style or medication interventions. Metformin 

Significance of this study

What is already known about this subject?
 ► It is widely known that adherence to therapeutic 
medications is a challenge for the majority of indi-
viduals; gaps in knowledge exist regarding long- 
term adherence to preventive medications such as 
metformin.

What are the new findings?
 ► In this study, we report novel data from 11 years of 
the Diabetes Prevention Program Outcomes Study 
and its diverse participants related to: predictors of 
cumulative adherence; barriers to adherence and 
planned strategies to improve adherence; and a 
model of covariates for time to type 2 diabetes di-
agnosis. This medication adherence report includes 
both clinical and behavioral outcomes related to di-
abetes prevention.

How might these results change the focus of 
research or clinical practice?

 ► Predictors of long- term adherence to this preventive 
medication for type 2 diabetes include early adher-
ence in the course of treatment, which supports 
interventions to promote adherence at initiation 
of metformin. In light of the challenges in the pre-
vention or delay of type 2 diabetes, these findings 
offer evidence from a long- term study of diverse 
participants to support initiating strategies to pro-
mote adherence when metformin is first prescribed 
in clinical practice and continuing to provide brief 
counseling over long- term use of metformin.
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has proven safety, efficacy, and tolerability from the 
Diabetes Prevention Program (DPP)4 and the Diabetes 
Prevention Program Outcomes Study (DPPOS).5 It has 
been recommended in recent standards of medical care 
for diabetes prevention;6 despite this, providers rarely 
prescribe metformin for diabetes prevention.7 8 While 
issues related to metformin use for diabetes preven-
tion are multifactorial and at several levels, improved 
understanding of patient- level factors associated with 
metformin adherence over time is essential to expanding 
its use as a preventive medication.

During the first 3 years of DPP, cumulative metformin 
adherence (defined as the proportion of visits at which 
participants took > 80% of prescribed metformin doses) 
was 71%. While patient- reported barriers were associated 
with decreased odds of adherence, the use of adher-
ence strategies was associated with increased odds of 
adherence. Importantly, participants who were adherent 
to metformin had approximately 25% reduced risk of 
developing diabetes compared with those who were not 
adherent.9

This report describes long- term metformin adherence 
during DPPOS from 2002 through 2013. We examined 
sociodemographic predictors of adherence over 11 years 
of follow- up and, based on earlier DPP findings,9 we 
hypothesized a significant association between patient- 
reported barriers and non- adherence. Among those who 
reported problems with taking metformin, we expected 
planned strategies to be associated with improved adher-
ence. Based on prior evidence from diverse chronic health 
conditions, including diabetes, we also hypothesized that 
poorer physical or mental health and more symptoms 
of depression or anxiety1 10–12 would be associated with 
metformin non- adherence. Early non- adherence in DPP 
and a higher number of concomitant medications were 
expected to be associated with lower metformin adher-
ence over the follow- up. We explored evidence for cumu-
lative effects of the number of adherence barriers and 
strategies, as well as effects of specific barrier and strategy 
types. In addition, the relationship between long- term 
metformin adherence and time to development of type 2 
diabetes was assessed.

RESEARCH DESIGN AND METHODS
The DPP was a randomized clinical trial testing inter-
ventions to prevent or delay the development of type 2 
diabetes mellitus among high- risk individuals.4 Twenty- 
seven US clinical centers recruited 3234 participants; 
approximately 45% were members of ethnic or racial 
minority groups and 20% were ≥60 years old. The eligi-
bility criteria included ≥25 years of age, body mass index 
≥24 kg/m2 (≥22 kg/m2 in Asian- Americans), fasting 
plasma glucose (FPG) levels of between 95 and 125 mg/
dL and impaired glucose tolerance (2 hours 75 g post-
load glucose of 140–199 mg/dL). Eligible participants 
received standard advice on healthy diet and physical 
activity and were randomly assigned to intensive lifestyle 

intervention, metformin 850 mg two times a day or 
placebo.

Subjects
This report focuses on DPPOS follow- up data from the 
metformin group for visits between September 2002 
and December 2013. At the end of the main DPP trial 
in 2001 (mean follow- up 2.8 years), each medication 
participant had a 1- week to 2- week drug washout period 
after which eligible metformin participants were offered 
open- label study metformin.13 During this 13- month 
“bridge” period between DPP and the DPPOS protocols, 
all study participants were offered a group- administered 
lifestyle intervention and were invited to enroll in DPPOS 
for twice- yearly visits.14 Participants eligible to continue 
taking metformin (including those with a diabetes 
diagnosis, but a FPG<140 mg/dL during DPP or an 
HbA1c<7% during DPPOS) continued to receive open- 
label study metformin (see figure 1). Written informed 
consent was obtained from all participants before taking 
part; the study was approved by each of the 27 clinical 
centers’ and the data coordinating center’s institutional 
review boards (see online DPP Research Group institu-
tions; Approval for GWU Biostatistics Center #040637).  
ClinicalTrials. gov registration numbers: NCT00038727, 
NCT00004992.

Intervention
The intervention for study- supplied metformin adher-
ence in DPPOS was less intensive than during the DPP 
and included a brief structured interview at semian-
nual visits. Participants also received mailed reminder 
cards intermittently containing motivational messages to 
promote adherence. The structured adherence interview 
(online supplemental figure S1) assessed self- reported 
barriers to adherence and participants’ planned strate-
gies to improve adherence. Only participants who took 
any amount of study- provided metformin since the last 
visit, and who endorsed having problems taking their 
metformin as prescribed, completed this interview. The 
rationale for restricting the interview to this subgroup 
was the need to reduce the caseload burden of clinic 
staff. Case managers could initiate telephone counseling 
between visits for problem- solving medication- taking 
behaviors, as feasible for staff and acceptable to partici-
pants. Participants received token incentives for taking 
their metformin (eg, a $10 gift card annually). Because of 
budgetary constraints in this long- term study, metformin 
was dispensed in two large containers, each accommo-
dating a 3- month supply.

Outcome and covariate measures
Participants were categorized as having ‘temporarily’ 
discontinued study metformin if they were eligible to 
restart study metformin at a later date; reasons for ‘tempo-
rary’ discontinuation included behavioral choices, gastro-
intestinal (GI) problems, and hospitalization. Participants 
were categorized as having ‘permanently’ discontinued 

https://dx.doi.org/10.1136/bmjdrc-2020-001537
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study metformin for protocol- specified safety and health 
reasons, such as worsening diabetes requiring primary care 
provider management (eg, HbA1c ≥ 7%) and medical 
contraindications. Data from visits at or after metformin 
were permanently discontinued are excluded from all anal-
yses. Adherence was characterized throughout DPP and 
DPPOS by the convention of >80% or <80% of prescribed 
dose, a designation often used in clinical studies.15

Visit adherence outcome
Study staff assessed metformin adherence by pill count at 
semiannual visits. Adherence was summarized as a dichoto-
mous variable (ie, <80% vs ≥80% of prescribed metformin 
pills taken since last visit), Pill counts were done discretely 
by DPPOS staff. Participants were categorized as non- 
adherent at visits when they were ‘temporarily’ discon-
tinued from study metformin; we acknowledge that some 

participants were making behavioral choices, while others 
were temporarily discontinued by protocol.

Cumulative adherence outcome
This summary measure of adherence over 11 years of visits 
was computed by determining the number of eligible visits 
at which a participant was adherent (ie, ≥80% of metformin 
taken)15 and dividing that by the total number of eligible 
visits, representing the proportion of visits with adequate 
metformin adherence.

Time to diabetes diagnosis outcome
This analysis sample includes those who were eligible to 
take study metformin at time of enrollment in DPPOS (see 
figure 1), but it excludes those who had already developed 
diabetes during DPP. Time to diabetes is measured from the 
start of DPPOS until the date of diabetes diagnosis, defined 
as a study- measured fasting blood glucose ≥126 mg/dL or 

Figure 1 Participant study flow diagram for metformin group. *Permanently discontinued from metformin during the DPP 
either because fasting plasma glucose ≥140 mg/dL or other protocol deviations and thus ineligible to take study metformin. 
†This includes 216 participants diagnosed with diabetes during the DPP, but with fasting plasma glucose <140 mg/dL. ‡For 
those eligible to take study metformin at DPPOS baseline (n=868), 216 (24.9%) were diagnosed with diabetes during DPP and 
a further 235 (27.1%) were diagnosed during DPPOS follow- up. In those who never took any study metformin during DPPOS 
(n=204), 59 (28.9%) were diagnosed during DPP while a further 48 (23.5%) were diagnosed during DPPOS. In those who took 
study metformin at one or more DPPOS visits (n=664), 157 (23.6%) were diagnosed during DPP while a further 187 (28.2%) 
were diagnosed during DPPOS. DPP, Diabetes Prevention Program; DPPOS, DPP Outcomes Study.



4 BMJ Open Diab Res Care 2020;8:e001537. doi:10.1136/bmjdrc-2020-001537

Clinical care/Education/Nutrition

2 hour postchallenge glucose ≥200 mg/dL, confirmed with 
repeat test within 6 weeks of original test.

Measured covariates
Demographic and psychosocial variables used to predict 
adherence were selected based on prior adherence 
research as well as DPP results. For visits at which a partici-
pant was actively taking metformin and reported problems 
taking it as prescribed, information was recorded during 
the structured interview on barriers to metformin use over 
the prior 6 months and planned strategies to overcome 
these barriers during the subsequent 6 months. Partici-
pants could decline to strategize with staff. For participant 
visits where no problems were reported or where partici-
pants were “temporarily” off metformin, the interview was 
not administered. Therefore, analyses for planned strate-
gies were limited to participants who were actively taking 
metformin and reported problems with adherence.

Over the 11 years of DPPOS, there were annual assess-
ments of the Beck Depression Inventory,16 Beck Anxiety 
Inventory,17 and the Medical Outcomes Study Short 
Form-36 (SF-36).18 Concomitant prescription medications 
were recorded at each visit. In longitudinal analyses SF-36 
scores, Beck Depression scores and number of concomi-
tant medications were summarized as averages during 
follow- up. An adherence outcome from the 3- month DPP 
visit9 was the measure of early metformin adherence.

Statistical analyses
The visit adherence outcome was analyzed using gener-
alized estimating equation (GEE) models with a bino-
mial distribution and autoregressive covariance structure 
to account for the correlation in participant’s repeated 
measurements during follow- up. For barriers to adher-
ence, those reporting only one problem taking study 
metformin were the reference group. Planned strategy 
analyses were limited to those reporting problems taking 
metformin; those declining to discuss adherence strategies 
were the reference group. The time to diabetes outcome 
was analyzed using Cox Proportional Hazards models 
among participants who had not developed diabetes by the 
beginning of DPPOS. Fit for the Cox Models was assessed 
using Harrell’s c- statistic.19 The c- index used in a propor-
tional hazards model is interpreted as a probability that 
among a randomly chosen pair of individuals, the one with 
longer survival has an estimated event risk (ie, hazard) that 
is less than or equal to the event risk for the individual with 
shorter survival. If the c- statistic were 0.50, this would indi-
cate that the model has no ability to discriminate between 
individuals with different survival experience. Values above 
0.5 indicate increased model discrimination above pure 
chance, with values near 1 indicating the model has almost 
perfect discrimination. These models use all follow- up 
information of participants until they either develop 
diabetes or they have their last visit. All models are adjusted 
for demographic variables, psychosocial variables (depres-
sion, anxiety, and SF-36 scores), as well as other concomi-
tant medications and early metformin adherence. Except 

where noted, p<0.05 were considered nominally statistically 
significant, with no adjustments made for multiple tests. 
Analyses were conducted using R (V.3.4.1) and SAS (V.9.4) 
statistical software.

RESULTS
Study sample
Of 1073 participants who were randomized to the 
metformin group in DPP, 923 (86%) enrolled in the 
DPPOS (figure 1). Of those 923 enrolled, 868 (94%) were 
eligible to take study metformin during DPPOS and 664 
of those (76%) took at least some study metformin at one 
or more DPPOS visits. The remaining 204 (24%) took 
no study metformin during DPPOS follow- up. Primary 
reasons for not continuing metformin during DPPOS 
included: participants stopped it during the 1–2 weeks 
washout period after DPP and did not restart or patient- 
reported GI issues. The primary focus of this report is 
the 664 participants who took at least some metformin 
during DPPOS and a subset (n=478) from whom we 
collected structured interview adherence data.

Predictors of metformin discontinuation
The distribution of selected DPP and DPPOS character-
istics among the 868 participants who were eligible to 
take study metformin at start of DPPOS were compared 
for participants who took any metformin (n=664) versus 
participants who took no metformin (n=204) during 
the 11- year follow- up (online supplemental table S1). 
There were several significant differences between 
groups, including early adherence to metformin in DPP 
(p<0.001), higher income at DPP baseline (p=0.02), and 
greater median number of concomitant medications 
during DPPOS (p=0.04), related to taking any metformin.

Characteristics by cumulative adherence
Overall, the cumulative adherence in 11 years of DPPOS 
was 60%. Table 1 summarizes characteristics among the 
868 participants eligible to take metformin during DPPOS 
across four categories of cumulative adherence. Associ-
ated with higher adherence to metformin during DPPOS 
were: early adherence in DPP (p<0.001), lower median 
depression scores in DPPOS (p=0.001), and higher mean 
SF-36 physical component scores in DPPOS (p=0.028). 
Pairwise comparisons found that DPPOS depression 
scores were significantly lower among those who reached 
the medication adherence threshold for ≥80% of DPPOS 
visits than for those who reached the threshold for some, 
but <80% of visits. Those who reached the adherence 
threshold for ≥80% of visits had the highest SF-36 phys-
ical component mean scores; other pairwise compar-
isons were not significant. There were also significant 
overall differences by race/ethnicity (p=0.004). Only 
31% of Blacks were adherent at ≥80% of visits compared 
with whites (47%) and Hispanics (48%). Hispanics had 
the lowest prevalence of taking no study metformin in 
DPPOS (20%). Employment status at DPPOS baseline 
was associated with greater adherence (p=0.003).

https://dx.doi.org/10.1136/bmjdrc-2020-001537
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Table 1 Characteristics of 868 participants eligible to take study metformin* at DPPOS baseline by category of metformin 
adherence at >80% of prescribed dose during DPPOS

Adherence category

(1) (2) (3) (4)

P value
No metformin 
taken in DPPOS

Adherent at 0% of 
DPPOS visits

Adherent at 
>0%–<80% of 
DPPOS visits

Adherent at  ≥ 80% 
of DPPOS visits

Number of participants 204 42 247 375

Age at DPPOS baseline (years) 0.141

  30–49 62 (23.6%) 14 (5.3%) 89 (33.8%) 98 (37.3%)

  50–64 98 (22.1%) 19 (4.3%) 120 (27.1%) 206 (46.5%)

  ≥65 43 (26.9%) 9 (5.6%) 37 (23.1%) 71 (44.4%)

Race/ethnicity† 0.004

  White 115 (23.3%) 14 (2.8%) 132 (26.8%) 232 (47.1%)

  Black 44 (25.6%) 14 (8.1%) 60 (34.9%) 54 (31.4%)

  Hispanic 25 (19.5%) 7 (5.5%) 35 (27.3%) 61 (47.7%)

  Other‡ 20 (26.7%) 7 (9.3%) 20 (26.7%) 28 (37.3%)

Sex 0.290

  Male 69 (24.4%) 11 (3.9%) 71 (25.1%) 132 (46.6%)

  Female 135 (23.1%) 31 (5.3%) 176 (30.1%) 243 (41.5%)

Marital status at DPP baseline 0.386

  Married/Living together 78 (26.2%) 16 (5.4%) 86 (28.9%) 118 (39.6%)

  Single, separated, divorced, or
  widowed

126 (22.1%) 26 (4.6%) 161 (28.2%) 257 (45.1%)

Marital status at DPPOS baseline 0.145

  Married/Living together 83 (26.9%) 17 (5.5%) 89 (28.9%) 119 (38.6%)

  Single, separated, divorced, or
  widowed

120 (21.5%) 25 (4.5%) 157 (28.1%) 256 (45.9%)

Educational status at DPP baseline 0.490

  ≤ High School 43 (20.5%) 15 (7.1%) 60 (28.6%) 92 (43.8%)

  Attended College 102 (24.5%) 20 (4.8%) 116 (27.9%) 178 (42.8%)

  Attended Graduate School 59 (24.4%) 7 (2.9%) 71 (29.3%) 105 (43.4%)

Educational status at DPPOS baseline 0.126

  <High School 37 (17.8%) 15 (7.2%) 59 (28.4%) 97 (46.6%)

  Attended College 111 (26.4%) 19 (4.5%) 122 (29.0%) 169 (40.1%)

  Attended Graduate School 55 (23.2%) 8 (3.4%) 65 (27.4%) 109 (46.0%)

  Employment at DPP baseline 0.682

  Full or part time 153 (23.0%) 30 (4.5%) 191 (28.7%) 292 (43.8%)

  Retired 31 (27.2%) 6 (5.3%) 27 (23.7%) 50 (43.9%)

  Other§ 20 (22.7%) 6 (6.8%) 29 (33.0%) 33 (37.5%)

Employment status at DPPOS baseline¶ 0.003

  Full or part time 134 (21.8%) 26 (4.2%) 185 (30.1%) 269 (43.8%)

  Retired 43 (24.9%) 12 (6.9%) 33 (19.1%) 85 (49.1%)

  Other§ 26 (32.9%) 4 (5.1%) 28 (35.4%) 21 (26.6%)

Income status at DPP baseline 0.076

  <$20 000 23 (22.5%) 6 (5.9%) 27 (26.5%) 46 (45.1%)

  $20–$75 000 130 (25.8%) 26 (5.2%) 144 (28.6%) 203 (40.4%)

  >$75 000 31 (15.9%) 7 (3.6%) 56 (28.7%) 101 (51.8%)

Early metformin adherence at 3 months in DPP**  < 0.001

  Non- adherent 83 (34.6%) 18 (7.5%) 73 (30.4%) 66 (27.5%)

Continued
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Barriers and strategies to improve adherence
Among the 72% (478/664) of participants who reported 
barriers while taking metformin during DPPOS, the 
most frequently reported single barrier was forgetting, 
followed by multiple barriers and GI complaints, with a 
significant declining trend in these barriers across the 11 
years (figure 2A). The most frequently reported planned 
(ie, prospective) strategies to improve adherence 
(figure 2B) were: taking metformin with other routine 
activity strategies (eg, take with other medications twice 
each day); setting a specific time routine (eg, take at 
8am); or reminder devices (eg, a 7- day pill box).

Predicting metformin adherence
Figure 3 shows forest plots summarizing multivariate GEE 
models predicting adherence to metformin among those 
who took at least some metformin during 11 years and 
who reported barriers to taking metformin as prescribed. 

Planning one or more strategies was significantly asso-
ciated with improved adherence; early DPP adherence 
was marginally significant (p=0.053) as a predictor of 
higher DPPOS adherence in this model. Odds of adher-
ence were lower for Black participants and for those who 
reported >1 barrier to adherence (figure 3A).

Figure 3B presents the same model evaluating specific 
types of barriers (reference “forgets”) and adherence 
strategies (reference “declined to strategize”). While 
reporting multiple barriers lowered adherence, reporting 
GI problems as a single barrier increased adherence 
(each marginally at p=0.05). Each strategy type signifi-
cantly increased the odds of adherence. Black race 
remained associated with lower adherence (p<0.001).

Modeling time to diabetes
Figure 4 shows a forest plot of HRs for diabetes incidence 
among the 652 participants who had not developed 

Adherence category

(1) (2) (3) (4)

P value
No metformin 
taken in DPPOS

Adherent at 0% of 
DPPOS visits

Adherent at 
>0%–<80% of 
DPPOS visits

Adherent at  ≥ 80% 
of DPPOS visits

  Early adherent 110 (18.2%) 20 (3.3%) 169 (28.0%) 304 (50.4%)

Mental Component Score of SF-36

  DPP baseline 54.1  ±  7.3 53.4  ±  8.6 53.4  ±  8.8 54.6  ±  7.3 0.305

  Mean score during DPPOS 53.9  ±  7.1 52.3  ±  7.0 52.9  ±  6.9 54.1  ±  6.4 0.109

Physical Component Score of SF-36

  DPP baseline 50.4  ±  7.4 49.4  ±  7.5 50.0  ±  7.4 50.5  ±  6.8 0.746

  Mean score during DPPOS†† 46.4  ±  8.3 46.5  ±  8.8 46.6  ±  8.0 48.2  ±  7.1 0.028

Beck Anxiety Score††

  Median DPP baseline 2.0 (0.0, 5.0) 3.0 (1.0, 6.0) 3.0 (1.0, 6.0) 2.0 (0.0, 5.0) 0.313

  Median score during DPPOS 3.0 (1.1, 5.6) 3.9 (1.8, 5.8) 3.4 (1.6, 6.1) 2.8 (1.2, 5.2) 0.060

Beck Depression Score‡‡

  Median DPP baseline 4.0 (1.0, 7.0) 3.0 (1.0, 7.0) 4.0 (1.0, 7.0) 3.0 (1.0, 6.0) 0.438

  Median score during DPPOS¶ 3.1 (1.5, 6.0) 3.8 (1.6, 7.2) 3.8 (2.1, 6.6) 2.7 (1.1, 5.5) 0.001

Number of concomitant medications

  Median DPP baseline 0.0 (0.0, 2.0) 0 (0.0, 1.0) 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) 0.063

  Median during DPPOS 2.2 (0.9, 3.9) 2 (1.2, 4) 2.6 (1.3, 4.3) 2.7 (1.4, 4.3) 0.105

Percentages add to 100% across each row. Other statistics are mean±SD, or median (25th, 75th percentiles).
Significant pairwise tests (Holm adjusted) of column groups for covariates with significant overall p values (ANOVA for continuous 
variables, χ² tests for categorical variables).
DPP baseline data are included when DPPOS baseline data are not available and when a comparison to DPPOS mean data is 
appropriate.
*DPPOS metformin participants who had a fasting plasma glucose ≥140 mg/dL during DPP were ineligible to continue study metformin 
during DPPOS. They were advised to consult their private physicians for treatment of their diabetes. Participants with a new diagnosis 
of diabetes during DPPOS are included until they reach an A1c threshold of 7%.
†Significant pairwise comparisons: 2 vs 4 (p<0.05).
‡Combined Asian and American Indians due to small cell size.
§Unemployed, homemaker, student, seasonally employed, never worked, and other.
¶Significant pairwise comparisons: 3 vs 4 (p<0.05).
**Significant pairwise comparisons: 1 vs 3 (p< 0.05); 1 vs 4 (p< 0.05); 2 vs 4 (p< 0.05); 3 vs 4 (p<0.05).
††Significant pairwise comparisons: No pairwise comparisons significant.
‡‡The Beck depression and anxiety scores were calculated from the standard 21- question inventory for each.
ANOVA, analysis of variance; DPP, Diabetes Prevention Program; DPPOS, DPP Outcomes Study; SF-36, Short Form-36.

Table 1 Continued
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diabetes before the start of DPPOS. The risk of devel-
oping diabetes was significantly decreased in those with 
DPPOS cumulative metformin adherence >80% vs <80% 
(HR 0.72; p=0.04). The c- index19 (a measure of model fit 
varying between 0.5 and 1, with higher values indicating 
better fit,) was used to compare models with and without 
the two adherence variables (ie, early and cumulative 
adherence). The c- index (bootstrapped 95% CI) for the 
model including both early and cumulative adherence 
is 0.62 (0.58 to 0.63), and for the model without these 
adherence measures is 0.60 (0.58 to 0.61), giving a small 
improvement in the predictive capability of the model 
(Δ c- index=0.02 (0 to 0.04)) when adherence measures 
are included. Black race was significantly associated with 
increased diabetes risk and education with decreased risk 
in both models.

CONCLUSION
The DPPOS medication adherence results are a unique 
contribution to clinical, behavioral literature as they 

represent 11 years of follow- up, a diverse cohort and an 
open- label study occurring after the report of positive 
results for prevention or delay of type 2 diabetes using 
metformin. A report of long- term safety and tolerability 
of metformin during DPP and the first 7 years of DPPOS20 
showed that weight loss was associated with better adher-
ence to metformin and that long- term metformin use was 
safe and well tolerated. To our knowledge, there are no 
publications comparable to this report regarding long- 
term preventive medication adherence, predictors, and 
clinical outcomes over 11 years. Systematic reviews on 
interventions to enhance medication adherence note 
that long- term interventions in chronic disease require 
more research; few studies report effects on both adher-
ence and clinical outcomes.21 In addition, most studies 
are of therapeutic rather than preventive medications.22 
This DPPOS adherence report fills important knowledge 
gaps.

Among those eligible to take study metformin in 
DPPOS, participants who took at least some metformin 

Figure 2 Barrier and strategy reporting during DPPOS follow- up (n=478). Panel A: Per cent of participants who reported 
specific barriers to adherence to study metformin. Panel B: Per cent of participants who reported specific strategies to 
improve adherence to study metformin. Dots in the figures represent observed percentages while lines indicate the modeled 
percentages of participants from a multinomial GEE model with barrier categories and strategy categories as the outcomes. 
Barrier categories with significant changes over time: no barriers (p<0.001; not shown); forgets to take pills (p<0.01); multiple 
barriers (p<0.001); gastrointestinal symptoms (p<0.05); disruption of activities (p<0.01). Strategy categories with significant 
changes over time: reminder device (p<0.001); multiple strategies (p<0.001); activity strategy (p<0.001). DPP, Diabetes 
Prevention Program; DPPOS, DPP Outcomes Study; GEE, generalized estimating equation.
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were more adherent to metformin early in DPP, had 
higher income, and took more concomitant medica-
tions than those who took no metformin. An important 
medication adherence finding from the DPP, that early 
medication adherence predicted adherence at 1 year and 
3 years,9 was sustained as predictive of cumulative adher-
ence during the 11 years of DPPOS. This effect of early 
DPP adherence was evident and significant in analyses 
grouping categories of participants by their level of adher-
ence throughout DPPOS and in analyses that predicted 
the odds of achieving the adherence threshold over time

Results of analyses (table 1) grouping participants into 
different levels of adherence over time also supported 
our hypotheses linking both lower depressive symptoms 
and a higher physical component score on the SF-36 to 
better medication adherence. Significant differences 
among the racial/ethnic categories of participants in 
DPPOS by categories of adherence (table 1) must be 
considered with caution because of some small cell sizes. 
Adherence challenges for Black participants require 
further exploration. These challenges seemed to have 
more to do with difficulties achieving consistently high 
levels of adherence in DPPOS rather than increased risk 
for stopping metformin. Black participants were at risk 
for lower adherence across study visits over time, even 
in multivariate models that controlled for potentially 
confounding socioeconomic and psychosocial variables. 

Those retired at DPPOS baseline were also more likely 
to have consistently high levels of adherence, perhaps 
having developed routines for taking metformin.

Compared with the 71% cumulative metformin adher-
ence during DPP’s 3 years,9 cumulative adherence during 
the 11 years of DPPOS was 60%. Although adherence to 
metformin was a priority for DPPOS staff, some potential 
explanations for the decline include: aging participants; 
less personal contact time than during DPP; staff or partic-
ipant study fatigue and other unmeasured variables.

The majority (ranging from 72% to 84% over time) 
of participants taking any metformin reported no prob-
lems/barriers taking metformin as prescribed. For those 
who did report problems/barriers, the most frequently 
reported barrier was forgetting to take metformin, similar 
to reports during the DPP years.9 A recent Random-
ized Clinical Trial (RCT) by Choudhry et al23 assessed 
the effect on medication adherence of using low- cost 
reminder devices delivered with no behavioral interven-
tion; there were no significant differences in adherence 
compared with controls.

Our consistent patterns of adherence over 11 years of 
DPPOS could be attributed to modest behavioral inter-
ventions coupled with optional reminder devices. Most 
reported barriers significantly declined over time, perhaps 
the result of problem- solving routines. Medication- taking 
behaviors may have stabilized for taking or not taking 

Figure 3 ORs for adherence among participants who took study metformin during DPPOS and reported adherence problems 
at one or more visits (n=478*). Panel A: includes assessing number of barriers metformin adherence (1 vs >1) and number of 
strategies to promote metformin adherence (1, >1 vs 0). Panel B: includes assessing types of barriers to adherence and types 
of strategies to improve adherence. ORs and CIs were calculated from a GEE model with metformin adherence as the outcome 
and variables listed in the figure as covariates in a multivariate model. Age, marital status, educational level, employment 
status, and income level were all measured at DPP baseline. The follow- up SF-36 and concomitant medications variables 
are averaged over follow- up visits. In these models, barriers and strategies (both number and category) were included as 
time- varying covariates (ie, the reported values at each participant- visit). Depression scores, anxiety scores, and number of 
concomitant medications were included in the models as logged values, so estimates of OR for these covariates are expressed 
per 1- unit log increase. *Only participants who reported problems taking their study metformin at one or more visits were 
included in this analysis, as only those participants had interview data collected on barriers and strategies to study metformin 
use. DPP, Diabetes Prevention Program; DPPOS, DPP Outcomes Study; GEE, generalized estimating equation; SF-36, Short 
Form-36.
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metformin. The participants who continued taking 
metformin were more likely to be adherent at >80% of 
prescribed dose.

Planned strategies to improve adherence to metformin 
were variable over 11 years of DPPOS, with reminder 
devices significantly declining in use and activity- related 
strategies significantly increasing. Comparison of DPP 
adherence strategy results9 and DPPOS results reported 
here should be done cautiously, as the strategy inter-
view query in DPP was retrospective, that is, strategies 
used during the last 3 months; the query in DPPOS was 
prospective, that is, a strategy to improve adherence over 
the next 6 months.

The models in figure 3 inform predictors of medica-
tion adherence in this long- term study. Early adherence 
in DPP increased the odds of adherence in DPPOS. Black 
participants had significantly lower odds of adherence 
during DPPOS, whereas during DPP, Black race was only 
predictive of lower medication adherence in multivariate 
analyses for the placebo group.9 Early metformin adher-
ence was a strong predictor of adherence at 1 year and 
3 years in DPP; this same covariate continued predicting 
adherence through DPPOS. It is critical to plan adher-
ence interventions from the first dose of a preventive 
medication, rather than waiting for problems to surface 
and exposure time lost.

Reporting multiple barriers lowers the odds of 
adherence and reporting multiple planned strategies 
raises odds of adherence (figure 3). These results were 

remarkably similar during DPP for the metformin group 
and in DPPOS despite the following: DPPOS partici-
pants were made aware of DPP positive results for taking 
metformin to prevent/delay diabetes; the less intensive 
intervention (eg, reduced frequency of contact) during 
DPPOS; and limited incentives for adherence during 
DPPOS.

Survival analyses for diagnosis of diabetes during the 
DPPOS 11 years (figure 4) showed metformin adher-
ence in DPPOS and higher education decreased the 
HR, while Black race and mean anxiety score increased 
it. The significance of DPPOS cumulative adherence 
depended on adjustment for early adherence in DPP. 
When early DPP adherence was not controlled, the effect 
of DPPOS adherence fell slightly below the significance 
threshold. Therefore, accounting for overlap with early 
DPP adherence improved, rather than attenuated, the 
predictive power of DPPOS cumulative adherence for 
time to diabetes diagnosis. Early DPP adherence was not 
a significant predictor of time to diabetes in these DPPOS 
analyses; however, our previously reported results demon-
strated a significant association between metformin 
adherence and time to diabetes within the 2.8 years of 
DPP.9 Taken together, these findings suggest that more 
proximal metformin adherence is predictive of diabetes 
risk, irrespective of an earlier history of adherence.

Those who took any metformin during DPPOS 
(n=664) reported taking more concomitant medica-
tions than those who were taking no metformin (online 

Figure 4 HR for developing diabetes in those who took at least some study metformin during DPPOS (n=652)*. HRs and their 
95% CIs from a Cox Proportional Hazards model for time to diabetes measured from DPPOS baseline. All variables listed in the 
figure are covariates included in a multivariate model. Age, marital status, educational level, employment status, and income 
level were all measured at DPP baseline. The follow- up SF-36 and number of concomitant medications variables are averages 
during follow- up. Cumulative metformin adherence is calculated as the cumulative per cent of visits (up to and including each 
collection time point) at which a participant took 80% or more of their prescribed study metformin. *Includes only participants 
whose diagnosis of diabetes, or censoring, occurred on or after August 1, 2002 (the official start date of DPPOS) were included 
in this analysis. There was a total of 216 participants from this study who developed diabetes prior to the start of DPPOS. 
Depression scores, anxiety scores, and number of concomitant medications were included in the models as logged values, so 
estimates of OR for these covariates are expressed per 1- unit log increase. DPP, Diabetes Prevention Program; DPPOS, DPP 
Outcomes Study; SF-36, Short Form-36.
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supplemental table S1), a finding opposite to the inverse 
relationship between complexity of medication regimens 
and adherence found in earlier reviews.1 21 24 25 There is 
some evidence that this relationship depends on drug 
class.26 Some studies in type 2 diabetes have found no 
decrease in adherence linked to poly- pharmacy.27 A 
more recent systematic review summarizes inconsis-
tent findings across studies in type 2 diabetes.28 We are 
aware of no robust studies that have investigated this 
relationship for adherence to preventive medications. 
Perhaps providers could take advantage of patients’ poly- 
pharmacy to promote preventive medication adherence 
by assisting patients to adopt their established routines to 
include metformin.

Since forgetting was the most frequently cited barrier 
in both DPP and DPPOS, new ways of meeting this chal-
lenge must be implemented for preventive medication 
adherence in prediabetes, including behavioral inter-
ventions begun at initiation.23 For long- term adherence, 
innovative technologies should be explored. Digital 
reminders on smart phones are an obvious target for 
implementing a time- oriented routine,29 although the 
feasibility of taking medications may be challenging 
when a digital cue (alarm, text message) occurs, unless 
the medication supply is carried by the individual.

Research on long- term medication adherence for primary 
prevention in chronic diseases is limited. Newby et al30 
reported on long- term adherence to prevention therapies 
in coronary artery disease in 31 750 patients. Adherence 
was suboptimal for aspirin, lipid- lowering agents, and beta- 
blockers; they concluded that more attention be focused 
on understanding and improving long- term adherence. A 
systematic review of 62 interventions31 to improve medi-
cation adherence in chronic disease concluded that while 
reduced out- of- pocket expenses and case management 
improved medication adherence, there was no evidence for 
its effect on long- term adherence and outcomes. Our data 
may fill some gaps regarding long- term preventive medica-
tion adherence.

One limitation of this study is that results do not address 
non- adherence related to the common barrier of refilling 
prescription medications; study metformin was dispensed 
to participants every 6 months. A second limitation is that 
the time burden of the adherence interview was intention-
ally decreased for feasibility in this long- term study; it was 
only asked of participants who reported problems taking 
their study medication. This limits the generalizability of 
our findings, as we do not have responses from participants 
who reported no barriers; they may have used effective strat-
egies to overcome barriers. We did, however, report similar 
data during the DPP.9 The pill count measure of medica-
tion adherence has sources of error,32 and especially in a 
long- term study where reported as a dichotomous variable. 
Finally, we chose to define metformin adherence as expo-
sure (ie, actually taking metformin) versus intention to take 
metformin among participants who temporarily discon-
tinued use for protocol reasons. Thus, estimates of actual 
metformin adherence are lower in our study compared with 

studies in which adherence is primarily defined in behav-
ioral terms (eg, participants who stop study medication for 
protocol reasons being classified as adherent). We believe 
each limitation is more than balanced by the strengths of 
this long- term adherence study with behavioral and clinical 
outcomes for a preventive diabetes medication in a diverse, 
well- described cohort.

Lessons from the DPPOS experience can help develop 
feasible patient- level interventions to improve adherence 
to metformin for diabetes prevention in the real world. 
Clearly, early adherence remains an important goal in both 
clinical practice and research in order to implement effec-
tive interventions. Implementing long- term, effective strate-
gies to promote adherence to a preventive medication is a 
crucial piece of the ongoing type 2 diabetes prevention chal-
lenge. Prescription of metformin for diabetes prevention, 
however, remains underused at the provider and health 
system levels;7 8 33 34 thus a multilevel approach is required to 
prevent or delay diabetes with metformin.
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