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Abstract

Background: Among individuals with type 2 diabetes (T2D), lifestyle improvements can
restore glycemic control, yet few studies have examined deprescribing in settings where it
was necessitated by improvements in health. This study aimed to (1) identify instances of
medication deprescribing among adults with T2D in a primary care setting where patients
had access to lifestyle medicine (LM), (2) document lifestyle changes among deprescribed
patients, (3) assess changes in body mass index (BMI), glucose, and hemoglobin A1c
(HbA1c) following deprescribing, and (4) assess the safety of deprescribing in the context
of LM-informed care by identifying adverse events. Methods: A retrospective review of
electronic health records (EHR) was conducted among 650 adults with a diagnosis of T2D
per ICD-10 code at two primary care practices. To be included in the study, individuals had
to be seen at least two times during the study period, from 2014 to 2023. Using a previously
developed deprescribing framework, records were reviewed to identify deprescribing
events. Among patients who were identified as deprescribed, BMI, glucose, and HbA1c,
were extracted from the EHR, and age-, sex-, and time-adjusted differences in least squares
means were calculated. Mentions of lifestyle change in provider notes in the EHR were
also extracted pre- vs. post-deprescribing. Results: Forty-one deprescribing events were
confirmed, totaling 6.3% of the study population. The most common medication changes
included metformin dose reduction 34%, metformin discontinuation 19.5%, and insulin
dose reduction 19.5%. Among patients with follow-up data, mean BMI decreased by
2.25 kg/m2, p = 0.0003. Mean decreases of 25% in glucose and 13% in HbA1c were also
observed, p < 0.0003 and p < 0.0013, respectively. Lifestyle modifications were specifically
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cited in 51% of records among deprescribed patients, most frequently related to diet and
exercise. No serious adverse events were identified in patients who were deprescribed.
Conclusions: In a primary care setting where patients had access to lifestyle medicine, a
subset of adults with T2D experienced meaningful health improvements and were able to
reduce glucose-lowering medications without any serious adverse events noted in the EHR.

Keywords: lifestyle medicine; deprescribing; primary care; medication de-escalation; type
2 diabetes

1. Introduction
Deprescribing, the process of tapering, reducing, or discontinuing medications that

may be inappropriate or unnecessary, is an increasingly recognized strategy to address
polypharmacy and optimize patient outcomes [1]. This process is increasingly relevant in
type 2 diabetes (T2D), a chronic metabolic disorder affecting over 35 million Americans [2].
While glucose-lowering medications remain central to T2D management, reliance on
pharmacotherapy does not treat the root cause of the disease and can lead to side effects,
treatment burden, and increased healthcare costs [3–8].

Lifestyle medicine (LM) is an evidence-based clinical discipline that uses therapeutic
lifestyle interventions, including a whole-food, plant-predominant diet, regular physical
activity, restorative sleep, stress management, risky substance avoidance, and positive
connectedness as the primary modality for preventing, treating, and even reversing chronic
disease [9]. LM care is rooted in a set of 89 core competencies outlining the knowledge and
skills required to practice [10]. LM is versatile in that it can be delivered across a variety
of settings, at varying intensities, and using multiple modalities [11]. The most intensive
delivery is in the form of intensive, therapeutic lifestyle change (ITLC) delivered by lifestyle
medicine intensivists [12]; however, LM can also be integrated at varying levels of intensity
in settings such as primary care [13]. Health improvements resulting from LM can trigger
medications to become unnecessary or require dose reductions as patients achieve improved
disease markers, indicating glycemic control [14]. As such, deprescribing has emerged as a
clinically meaningful, patient-centered strategy to reduce medication burden, minimize
adverse effects, and practice patient-centered, evidence-based care [15–19].

Despite advancements in care, significant gaps remain in measuring outcomes fol-
lowing lifestyle interventions, particularly in capturing when such improvements justify
pharmacologic dose reductions or discontinuation. Most existing frameworks are primar-
ily designed to address the risks of polypharmacy in older adults and do not account
for lifestyle-driven clinical improvements that reduce medication needs. Furthermore,
most previous deprescribing investigations have tended to focus on a single drug, drug
class, or niche patient population, often within highly specialized teams [14,18,20]. One
small study, for example, explored deprescribing following intensive interventions such as
bariatric surgery [21]. However, while such findings underscore the potential for clinical
improvement to warrant medication reduction, the surgical context is not broadly appli-
cable. Broader medication reviews, when conducted, typically require multidisciplinary
input and are not yet routine in general practice. While clinicians frequently describe
personal decision-making processes during medication reviews, few reported using for-
mal protocols or external deprescribing tools, even when such tools are available and
recommended. However, empirical evaluations of medication changes in which medi-
cation reduction follows intentional or incidental improvements in health behaviors are
critically needed [22].
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For many patients, the possibility of reducing or eliminating medications can serve
as a powerful motivator for engaging in lifestyle change [23]. However, this outcome
has rarely been captured or studied systematically, despite its clinical and psychosocial
significance. To address this gap, we previously developed a framework to identify cases
of deprescribing to facilitate future research on the topic, particularly in relation to health
outcomes [24]. This study takes the next step, utilizing the framework to characterize
types of deprescribing and then examining health outcomes among patients identified
as deprescribed.

The objectives of this study are to (1) use a previously developed deprescribing
framework to identify types of medication deprescribing among adults with T2D in a
primary care setting where patients had access to LM, (2) document lifestyle changes
among deprescribed patients, (3) assess changes in BMI, glucose, and HbA1c following
deprescribing, and (4) assess the safety of deprescribing in the context of LM-informed care
by identifying adverse events.

2. Methods
This study applies a previously developed framework for identifying and classifying

instances of deprescribing of glucose-lowering medications [24]. In brief, two primary care
practices that offer LM as part of routine clinical care and share an electronic health record
(EHR) platform participated by providing records from 650 patients (ages 18–89 years).
Included patients were those with a diagnosis of T2D defined by an ICD-10 code and had
at least two clinical encounters in the EHR during the analysis period, which ranged from
2014, the time of the inception of the EHR, through 2023, when this study began. The
sample size comprises all data available during this time period that meet the inclusion
criteria. No further exclusions were made. A small number of patients were missing
documented BMI, glucose, and/or HbA1c in the EHR for a relevant time point(s), and
analyses of clinical outcomes are presented using available data as specified in Table 1.

An affiliated programmer prepared a deidentified EHR data export of all patient en-
counters for this cohort. A multidisciplinary review team consisting of physicians, medical
students, researchers, and a pharmacist reviewed the records to understand medication
changes. At least two team members independently reviewed each patient’s records,
and the study team met regularly to discuss findings and resolve discrepancies. Possi-
ble instances of deprescribing, based on medication prescription changes and physician
notes, were identified, and a framework for classifying the type of deprescribing was
iteratively developed based on consensus of the team, with multiple revisions during the
record review.

A team member (SM), who was also an employee of one of the primary care prac-
tices, reviewed the EHR for information related to deprescribing, including medications
prescribed, dates, doses, and provider notes for patients who were initially identified as
potentially deprescribed. At the same time, these patient records were also reviewed for
adverse events related to medication changes, and lifestyle changes noted in the EHR were
documented. After reviewing all possible patient records, confirming whether patients
had been deprescribed, and determining how to classify them based on the framework,
two other team members (KS and MK) met for a discussion of cases that were unclear, and
made a consensus-based decision on how to classify them.

For this same cohort of patients confirmed to have been deprescribed, BMI, glucose,
and HbA1c, at the first and last (i.e., most recent follow-up) timepoints during the study
period were extracted from the EHR into a spreadsheet. Least squares means were cal-
culated using a mixed model, adjusted for age, sex, and time (days between pre- and
post-deprescribing timepoints), with p < 0.05 considered statistically significant. Glu-
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cose and HbA1c were log-transformed and exponentiated back to the original scale for
presentation. This study was reviewed by the University of New England Institutional
Review Board.

3. Results
A total of 650 patients with type 2 diabetes (503 from practice 1, 147 from practice

2) were identified, representing 6052 medication encounters between May 15, 2014, and
March 13, 2023 (see Figure 1: Summary of Deprescribing Events). From these encounters,
193 were initially flagged as potentially deprescribing or unclear (158 from practice 1 and
35 from practice 2). Following EHR review, 41 cases (6.3%) were confirmed as deprescribing
(34 from practice 1 and 7 from practice 2) based on the deprescribing framework [24]. Of
the 41 participants confirmed as deprescribed, 18 (44%) were male, and the mean (SD) age
was 67.4 (11.3) years, range 42–91 years.

Figure 1. Summary of deprescribing events.

Among deprescribing cases in practice 1, the most frequent change was metformin
dose reduction (26.5%), stopping metformin (23.5%), and insulin dose reduction (20.6%).
Other changes included transitions from insulin to oral agents (11.8%), reduction in other
oral diabetes medications (5.9%), discontinuation of oral agents without replacement (5.9%),
and transitions from insulin or oral medications to metformin (2.9%). In practice 2, the
most common change was metformin dose reduction (71.4%), followed by insulin dose
reduction (14.3%) and discontinuation of oral medications without replacement (14.3%).
Overall, the most common medication changes included metformin dose reduction (34%),
metformin discontinuation (19.5%), and insulin dose reduction (19.5%).

Clinical outcomes associated with deprescribing were evaluated among patients with
available follow-up data (see Table 1: Comparisons of Outcome Pre- vs. Post-Deprescribing).
The mean follow-up time was 47 months (3.9 years). Across 39 patients with available BMI
records, mean BMI was 2.25 kg/m2 lower after being deprescribed, when controlled for age,
sex, and days difference between the pre- and post-deprescribing timepoints (p = 0.0003) A
mean 25% decrease in glucose (p = 0.0003) and 13% decrease in HbA1c (p = 0.0013) were
observed from pre- to post-deprescribing, after controlling for age, sex, and days difference
between timepoints.
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Table 1. Comparisons of outcomes pre- vs. post-deprescribing a.

N Differences in LS Means (95% CI) p-Value

BMI (kg/m2) 39 −2.25 (−3.39, −1.11) 0.0003

Glucose (mg/dL) 36 0.75 (0.65, 0.87) b 0.0003

HbA1c (%) 33 0.86 (0.79, 0.94) b 0.0013
a Age-, sex-, and time-adjusted; b glucose and HbA1c were log-transformed; LS means and 95% CI are exponenti-
ated back to their original scale for presentation.

Three adverse events were noted during chart review. These included increases in
HbA1c and glucose in one patient, concurrent weight gain and HbA1c increase in another
patient, and episodes of hypoglycemia in a patient taking tizanidine (Zanaflex), started by
a separate pain specialist. Tizanidine is not known to directly cause hypoglycemia or to
have clinically significant interactions with common type 2 diabetes medications. However,
indirect effects (e.g., sedation, reduced oral intake, or missed meals) may contribute to
hypoglycemia, particularly in patients using insulin or insulin secretagogues. Through the
chart review, these events were determined to be unrelated to the effects of deprescribing
within the lifestyle medicine practices’ clinical context.

In the EHR, lifestyle changes were explicitly documented in 21 of the 41 patient
records (51%) with confirmed deprescribing. One record referenced lifestyle change in
general terms without detail, 11 specifically documented dietary change guidance, and
9 documented discussions with patients regarding both diet and exercise. The practice
administrative physician confirmed that notetaking was sometimes inconsistent among
providers, and that patients who engaged in lifestyle changes may not have had these
changes consistently recorded in the EHR.

4. Discussion
We examined medication deprescribing among adults with T2D in two primary care

practices. Of 650 patients reviewed, 41 (6.3%) were confirmed to have undergone depre-
scribing of diabetes medications following clinical improvements, including weight loss
and reductions in HbA1c levels. This percentage, while small, is clinically meaningful,
as these findings establish that deprescribing is not only possible but can emerge as a
direct and measurable clinical outcome in a primary care practice where LM is available to
patients, thus underscoring lifestyle interventions’ relevance for patient safety and care op-
timization [25]. For these patients, lifestyle changes were sufficient to produce measurable
changes in glycemic control that required medication adjustment, even when patients were
not necessarily seeking lifestyle-focused treatment. These findings are relevant amid prior
studies suggesting that patients with T2D are open to deprescribing, in some cases, when
paired with perceived improvements in health and well-being [26–28].

Our findings align with previous reports, as well as a recent clinical practice guideline,
highlighting the central role of lifestyle medicine in T2D treatment [29–31] and extend the
literature by documenting this relationship in a real-world, primary care setting where
LM is available to patients. Most notably, the patients in this study who experienced
deprescribing had not necessarily sought LM-informed care, underscoring the potential
for routine LM integration in primary care to shift treatment trajectories, even in patients
without preexisting interest in non-pharmacologic approaches. Our results challenge
assumptions that lifestyle interventions are impractical or ineffective in routine care and
suggest that a meaningful proportion of patients—over 6% in this sample cohort—are
both willing and able to achieve clinically significant improvements when offered lifestyle
treatment as part of routine primary care. If these results were scaled nationally to the
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millions of adults with T2D, even a 6% deprescribing rate represents a substantial public
health impact. Reductions in medication use can lower treatment burden for patients and
could generate meaningful cost savings for payers [32].

Among those who were deprescribed, the mean age was 67.4 years, with most being
older adults, a population most frequently cited in traditional deprescribing studies due
to polypharmacy risks [1,16,17,33]. However, unlike prior work, where deprescribing
was often driven by adverse events or end-of-life considerations [15,22,34], our analysis
highlights a proactive model centered on clinical improvement. For example, patients
experienced a statistically significant mean decrease in BMI of 2.25 kg/m2, as well as
a mean 25% decrease in glucose and a mean 13% decrease in HbA1c. Clinician notes
frequently cited lifestyle changes as contributing factors, with 51% of patients having
documentation of lifestyle guidance or behavioral change, most related to diet and exercise.
This proportion likely underestimates the true prevalence of lifestyle involvement, reflecting
documentation practices in these LM practices rather than an absence of lifestyle counseling.
This is particularly notable given that current deprescribing frameworks do not specifically
consider lifestyle change as a primary trigger for medication reduction [14,35].

The most frequently deprescribed medication was metformin, either reduced (34%) or
discontinued altogether (19.5%), followed by reductions in insulin or oral hypoglycemics.
The frequent reductions in metformin are consistent with recommendations in the Amer-
ican Diabetes Association’s Standards of Care Guidelines to use metformin as first-line
treatment or in combination with other T2D medications [36]. In several cases, patients were
successfully transitioned from multiple agents to metformin alone or to no medications
at all.

Concerns around patient safety, particularly the risks associated with withdraw-
ing medications, remain insufficiently studied, especially in populations where chronic
conditions may effectively be treated through intensive lifestyle change regimens [34].
Deprescribing should consider the full therapeutic profile of medications, including cardio-
protective benefits, and that glycemic improvement alone may not be sufficient justification
for discontinuation in all patients. Some literature overviews patient perspectives, includ-
ing their interest in, comfort with, and perceived benefits of deprescribing, particularly
when lifestyle interventions have improved disease control [33]. Patients, especially those
with cardiovascular disease or diabetes, have been found to be open to deprescribing,
but this interest is frequently contingent on whether the provider initiates the conversa-
tion [26,27]. In our study, there was only 1 instance of hypoglycemia, and the effects were
mild and resolved without trouble. It is the position of the authors that the benefits of
lifestyle changes far outweigh the potential risk of temporary hypoglycemic episodes that
may occur before medications have been sufficiently de-escalated.

Deprescribing has been linked to improved quality of life and enhanced physical and
emotional well-being, particularly among older adults [37,38]. Yet, such examples remain
the exception rather than the norm. Despite possible patient receptiveness, deprescribing
discussions are not consistently incorporated into routine clinical encounters. Medication-
focused visits may be viewed as redundant or unnecessary, especially if patients believe
their existing care already addresses their medication needs [26]. Determining the best
method to initiate deprescribing found empowering patients with confidence to ask, as
potentially beneficial, but this work has had a limited clinical scope [28,39]. Efforts to
develop feedback reports or similar digital tools that provide deprescribing recommenda-
tions have had a small preliminary impact [18,40]. As a result, opportunities to reassess
medication necessity, particularly in the context of lifestyle-induced clinical improvements,
may go missed.
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Our study offers several strengths, including a large retrospective cohort (n = 650 pa-
tients, 6052 medication encounters) drawn from two established primary care practices
where LM is available to patients, with consistent use of EHRs, allowing for standardized
data review. Our multi-disciplinary team of clinicians, researchers, medical students, and a
pharmacist provided the skills and knowledge needed to interpret and categorize patient
records. The application of a structured deprescribing framework [24] helped ensure clarity
and consistency during data extraction.

However, our findings should be interpreted with several limitations in mind. Al-
though patients were not specifically recruited based on interest in LM, they may represent
a somewhat self-selecting group more open to lifestyle interventions than the general
population. While the practices in this study provided detailed records, such records may
not be consistently available in other settings, potentially limiting reproducibility. Although
the retrospective cohort used to assess the number of patients deprescribed vs. not de-
prescribed was large, the number of patients for which health outcomes were analyzed is
relatively small (n = 41). While 51% of the deprescribed patients had mention of lifestyle in
their EHR, we cannot conclusively determine the impetus for deprescribing in the other
49%. It is relevant, however, that in both of these practices, lifestyle intervention is offered
to all patients if they are interested, and it would be uncommon to see improvements in
health metrics such as HbA1c without increased medication use if no lifestyle changes were
involved. Although our retrospective design enabled us to examine real-world practice, it
limits our ability to determine causality and to fully capture patients’ perspectives, partic-
ularly regarding their experiences with deprescribing, their role in decision-making, and
the perceived benefits or risks of medication reduction. Lastly, EHR access was limited to
data fields related to deprescribing; thus, we did not have access to all demographic data
or information on the duration of T2D in the patients assessed.

Future research could build on a new clinical practice guideline that supports proac-
tive deprescribing in LM-informed care [31]. The adoption of deprescribing protocols
that respond to lifestyle-induced improvements (e.g., glycemic control, weight loss) could
further enhance patient-centered, evidence-based chronic disease care. As deprescribing
gains recognition as a clinical and research priority, it will be important to solidify its scope
beyond risk mitigation, to also include improvement-based approaches rooted in lifestyle
change. Studies are needed to prospectively test structured deprescribing protocols follow-
ing lifestyle change, further define best practices, inform clinical protocols, and support the
integration of deprescribing as a measurable endpoint in both LM-focused and broader
care settings. Ultimately, integrating lifestyle-driven deprescribing into clinical frameworks
may strengthen efforts toward remission-based models of chronic disease management.

5. Conclusions
This study identified multiple instances of glucose-lowering medication reduction

among adults with T2D in a primary care setting where patients had access to LM. Doc-
umented lifestyle changes, most frequently diet and/or physical activity changes, were
specifically noted among 51% of deprescribed patients. Our findings suggest that depre-
scribing can be safely and appropriately implemented in routine care and may serve as a
valued marker of success for patients and clinicians.
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