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ABSTRACT

Introduction: Glucagon-like peptide 1 receptor
agonists (GLP-1) elicit substantial reductions in
glycemia and body weight in people with type 2
diabetes (T2D) and obesity, but existing data
suggest the therapy must be continued indefi-
nitely to maintain clinical improvements. Given
the high cost and poor real-world persistence of
GLP-1, an effective therapy that enables depre-
scription with sustained clinical improvements
would be beneficial. Thus, the purpose of this
real-world study was to assess the effect of GLP-1
deprescription on glycemia and body weight fol-
lowing co-therapy with carbohydrate restricted
nutrition therapy (CRNT) supported via tel-
emedicine in a continuous remote care model.
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Methods: A retrospective, propensity score
matched cohort study among patients with
T2D at a telemedicine clinic was conducted.
Patients in whom GLP-1 were deprescribed
(DeRx; n=154) were matched 1:1 with patients
in whom GLP-1 were continued (Rx). HbAlc and
body weight at enrollment in clinic (pre-CRNT),
at date of deprescription or index date (derx/ID),
and at 6 and 12 months (m) post-derx/ID were
utilized in this study.

Results: No regression in weight was observed
following deprescription with >70% maintain-
ing>5% weight loss 12 m post-derx/ID. HbAlc
rose 6 m and 12 m post-derx/ID in both DeRx
and Rx cohorts, but most patients maintained
HbA1lc<6.5%. HbAlc and body weight meas-
ured 6 m and 12 m following derx/ID did not
significantly differ between cohorts and were
improved at derx/ID and at follow-up intervals
compared to pre-CRNT.

Conclusion: These results demonstrate the
potential for an alternate therapy, such as CRNT
supported via telemedicine, to enable mainte-
nance of weight loss and glycemia below ther-
apeutic targets following discontinuation of
GLP-1 therapy.
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Key Summary Points

Why carry out this study?

In clinical trials, glucagon-like peptide 1
receptor agonists (GLP-1) have demonstrated
significant reductions in glycemia and body
weight among patients with type 2 diabetes
and obesity with rapid regression of clini-
cal improvements upon discontinuation of
the medication even with persistent caloric
restriction and exercise counseling, suggest-
ing the drug must be continued indefinitely.

Cost and poor persistence of the GLP-1
therapy pose real-world challenges to main-
taining improved health outcomes long-
term, so therapies that enable deprescription
with maintenance of clinical improvements
are needed.

What was learned from the study?

Body weight did not rise in the 12 months
following deprescription of GLP-1 therapy
when patients continued carbohydrate
restricted nutrition therapy supported via
telemedicine in a continuous remote care
model.

Hemoglobin Alc rose but on average
remained below the diagnostic threshold for
type 2 diabetes.

There was no difference between discontin-
ued and continued GLP-1 therapy cohorts
in body weight or HbAlc over 12 months
following GLP-1 deprescription or matched
index date.

This study informs clinical practice, show-
ing that improved glycemia and weight

loss can be maintained following GLP-1
deprescription among patients undergoing
CRNT supported by continuous remote care,
potentially mitigating the need for lifetime,
continuous use of the pharmaceutical.

INTRODUCTION

About one in seven adults in the USA lives with
type 2 diabetes (T2D) [1], and 78% also live with
excess weight or obesity [2]. Prevalence of T2D,
excess weight, and obesity continues to grow [3,
4] alongside the cost of healthcare for these con-
ditions [5, 6], particularly through introduction
of high cost medications associated with signifi-
cant weight loss, such as glucagon-like peptide 1
receptor agonists (GLP-1) [7, 8].

Recent pharmaceutical advancements among
incretin mimetics like GLP-1 show great poten-
tial, having elicited substantial glucose-lowering
effects in T2D [9-16] and weight loss nearing
that which is achieved through surgical inter-
vention among people with excess weight or
obesity without T2D [17, 18]. However, clini-
cal trial evidence to date demonstrates the high
efficacy and high cost drugs must be continued
indefinitely to sustain improved clinical out-
comes [19, 20].

Lifestyle intervention, as the cornerstone of
T2D and obesity care, may serve as an effective
combination and sequential therapy to phar-
maceuticals to enable eventual deprescription—
particularly among interventions demonstrated
to elicit significant weight loss, regression of
prediabetes to normoglycemia, and remission
of T2D, such as carbohydrate restricted nutri-
tion therapy (CRNT) [21, 22]. To date, no stud-
ies have assessed the use of CRNT as an adjunct
lifestyle intervention with GLP-1 and its effect
on maintaining outcomes after discontinuation
of GLP-1.

Virta Health, a nationwide telemedicine
clinic in the USA, specializes in treating adults
with T2D, prediabetes, and obesity through a
medically supervised intervention focused on
delivering CRNT. Patients engage with this sys-
tem through a mobile health application (app)
which offers educational resources, tracking
of biomarkers, direct communication with a
healthcare team that includes health coaches
and licensed medical professionals, and an
optional social community for peer interac-
tion. Using real-world data from the clinic, we
assessed the impact of GLP-1 deprescription
(DeRx) on glycemia and body weight among
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people with T2D and excess weight or obesity
compared to a matched cohort of patients who
continued (Rx) GLP-1 therapy.

METHODS

Study Population and Design

This retrospective, real-world analysis utilized
de-identified data obtained from medical records
among patients of Virta Health. The use of de-
identified data, in compliance with the Health
Insurance Portability and Accountability Act
(HIPAA) standards, exempts this study from
the need for ethics committee approval, as it
does not involve identifiable human subjects.
Patients in the clinic are initially counseled to
achieve and sustain nutritional ketosis (blood
beta-hydroxybutyrate (BHB) 0.5-3.0 mmol/L).
The initial guidance is to restrict carbohydrate
less than 30 g per day (or less than 50 g if con-
suming a vegan eating pattern), protein intake
around 1.5 g/kg of reference body weight, and
fat intake is titrated to achieve satiety while ena-
bling weight loss if that is a goal of the patient.
Level of carbohydrate restriction and ketones are
later individualized on the basis of the patient’s
personal carbohydrate tolerance and health
goals. Patients were encouraged to continue
CRNT for the entire period while they are under
care in the telemedicine clinic. Frequency of fol-
low-up with patients regarding biomarkers and
the nutrition therapy is individualized on the
basis of patient outreach and health need and
can be as often as daily. Weight is tracked regu-
larly using a cellular-connected scale (Body Trace
BT003, New York, USA) which automatically
uploads data to the app. Additionally, patients
are advised to consistently upload their finger-
stick blood glucose and BHB measurements to
track their treatment progression. As a compo-
nent of the clinic’s care protocol, patients who
are enrolled in the clinic are encouraged to com-
plete regular laboratory assessments, including
hemoglobin Alc (HbAlc), in line with the rec-
ommended frequency by care standards.

In this study, we identified patients with
a diagnosis of T2D who were established on

GLP-1 therapy prior to enrollment in the
clinic where they then initiated CRNT as a co-
therapy and whose GLP-1 was subsequently
deprescribed following improved glycemia to
HbA1c<6.5% within 3-9 months of beginning
CRNT (GLP-1 DeRx cohort) to assess change
in glycemia and weight following deprescrip-
tion. To assess HbAlc and weight changes after
deprescription compared to continued GLP-1
therapy, a matched cohort of patients who were
established on GLP-1 prior to enrollment and
improved glycemia to HbAlc< 6.5 but remained
on GLP-1 therapy concurrent with CRNT (GLP-1
Rx cohort) was identified.

Outcomes and Study Measures

The retrospective analysis primarily aimed to
assess change in HbAlc and body weight 6 and
12 months following GLP-1 deprescription. This
study also aimed to determine if HbAlc or body
weight differed in the year following depre-
scription or index date (derx/ID) between the
GLP-1 DeRx and GLP-1 Rx cohorts. In addition
to HbAlc and body weight, diabetes medication
data, demographics and app data, including gen-
der, age, race and ethnicity, and app-uploaded
fingerstick blood BHB (a biomarker of adher-
ence to the CRNT) were obtained from medical
records for this analysis.

Statistical Methods

To adjust for confounders and minimize bias,
propensity score matching was used to match
each patient in the GLP-1 DeRx cohort (refer-
ence cohort) 1:1 with a patient in the GLP-1 Rx
cohort. The reference cohort was matched using
propensity scores estimated from a multivari-
ate regression model and the nearest neighbor
method without any replacement. For matching,
enrollment and index date covariates included
age, gender, race and ethnicity, HbAlc, body mass
index (BMI), number of diabetes medications,
and distribution of follow-up HbA1lc and weight
data availability and the GLP-1 drug prescribed
prior to enrollment in the clinic. To assess bal-
ance between the cohorts after matching, baseline
covariates were assessed using analysis of variance
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(ANOVA) or chi-squared test and standardized dif-
ferences between cohorts.

Longitudinal and between matched cohort
differences in HbA1lc and weight were assessed
at enrollment in the clinic (pre-CRNT), derx/ID,
and 6 and 12 months post-derx/ID using linear
mixed effects models. Additionally, we repeated
the analyses in two medication subgroups with
sufficient sample size (semaglutide and dulaglu-
tide). Recognizing the effect of diabetes medica-
tions on HbA1lc and body weight, we included the
number of diabetes medications for each patient
at enrollment and derx/ID in the propensity score
matching to adjust for confounding factors. Fur-
ther, two sensitivity analyses were performed:
(1) after removing patients on sodium/glucose
cotransporter 2 (SGLT2) inhibitors, and (2) after
removing patients on any diabetes medication
other than metformin.

We assessed longitudinal changes in BHB in
the matched cohorts using two different meth-
ods. First, the daily BHB measurements were
compiled as count data where percentage days of
logging BHB>0.3 mM (indicative of carbohydrate
restriction and low levels of nutritional ketosis)
were calculated for the four main time intervals:
enrollment to derx/ID, derx/ID+3 months, and
6%3 and 12+ 3 months post-derx/ID. We then
used generalized estimating equations (GEE) with
an unstructured correlation matrix, logarithmic
link, and Poisson distribution to assess longitu-
dinal changes and rate of change in frequency of
BHB>0.3 mM between the two cohorts. Second,
mean BHB was calculated for the four main time
intervals and a linear mixed effect model was used
to assess longitudinal changes in mean BHB and
the rate of mean BHB changes between the two
cohorts.

All analyses were performed using R (R Founda-
tion for Statistical Computing, Vienna, Austria)
version 4.2.2 (2022-10-31) and IBM SPSS statistics
(version 29.0.1.0). Two-sided p values less than
0.05 were considered statistically significant.

RESULTS

Following GLP-1 deprescription in 154 individ-
uals meeting inclusion criteria for the primary

cohort, HbAlc increased at 6 months (0.4%
[95% CI 0.2, 0.6], p<0.001) and 12 months
(0.6% [95% CI 0.3, 0.8]) compared to time of
deprescription, though the mean remained
within the non-diabetic range (6.0% at
6 months; 6.2% at 12 months). Weight did not
significantly increase at 6 or 12 months fol-
lowing deprescription (p>0.05). Compared to
pre-CRN therapy, HbAlc and weight remained
significantly lower up to 12 months following
deprescription.

Patient characteristics of the propensity score
matched cohorts are described in Table 1. No
significant differences were observed between
matched cohorts, and cohorts were balanced
according to absolute standardized differences.
Within the GLP-1 DeRx cohort, the medica-
tion most frequently utilized by patients prior
to enrollment in the clinic was dulaglutide
(43.5%), followed by semaglutide (29.2%), lira-
glutide (17.5%), and exenatide (7.1%); following
deprescription, one patient was prescribed no
diabetes medication, 132 patients continued on
only metformin, and 21 patients continued on a
diabetes medication other than metformin. The
mean duration of care in both cohorts was at
least 18 months.

HbA1lc and body weight measured 6 and
12 months following derx/ID did not signifi-
cantly differ between cohorts (Fig. 1). In all
cohorts, HbAlc and body weight improved
significantly at time of derx/ID and at follow-
up intervals compared to levels at enrollment
in the clinic, prior to adding CRNT as co-ther-
apy. In both the DeRx and Rx cohorts, HbAlc
at 6 and 12 months follow-up rose relative to
derx/ID (p<0.001). HbAlc for most individu-
als in both cohorts remained below 6.5% up
to 12 months following derx/ID (DeRx, 64.8%;
Rx, 64.1%), including 20.4%, and 20.3% of the
GLP-1 DeRx, and Rx cohorts who maintained
normoglycemia (HbAlc<5.7%) 12 months fol-
lowing derx/ID. No significant change in body
weight following derx/ID was observed in any
cohort (p values>0.05). More than 70% of
patients in each of the matched cohorts main-
tained at least 5% body weight loss 12 months
following derx/ID (Fig. 2). Subgroup analyses
of semaglutide and dulaglutide were consist-
ent with the full cohort and HbAlc and body
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Table 1 Characteristics of the matched cohorts

GLP-1 deprescrip-  Continued GLP-1
tion cohort (#=154) therapy cohort

(n=154)
Age, mean (SD), years 55.9 (8.7) 55.3 (8.4)
Gender, 7 (%)
Female 77 (50.0) 90 (58.4)
Male 77 (50.0) 64 (41.6)
Race and ethnicity (7,%)
Non-Hispanic White 100 (64.9) 108 (70.1)
Non-Hispanic Black or African American 9(5.8) 19 (12.3)
Hispanic 29 (18.8) 19 (12.3)
Non-Hispanic American Indian or Alaska Native, Asian, Native Hawaiian or 7 (4.5) 8(5.2)
Other Pacific Islander, or Multiple Races
Enrollment BMI mean (SD), kg/m? 35.7 (6.9) 36.5(7.2)
Enrollment HbAlc mean (SD), % 7.3(1.2) 7.4 (1.4)
Distribution of diabetes medication classes at deprescription or index date (7, %)
GLP-1 0(0) 154 (100)
SGLT2i 10 (6.5) 0 (0)
Sulfonylureas 1(0.6) 0(0)
DPP4 4(25) 0(0)
Insulin 4(2.6) 0(0)
Thiazolidinediones 2(1.3) 3(1.9)
Metformin 149 (96.8) 49 (31.8)
weight changes by medication are described DISCUSSION

in Supplementary Fig. 1. Sensitivity analyses
removing patients who were prescribed (1)
SGLT2 inhibitors and (2) any diabetes medica-
tion other than metformin, from the analysis,
were consistent with the overall findings.

Frequency of achieving BHB>0.3 mM
via CRNT declined more rapidly among the
GLP-1 Rx cohort compared to the DeRx cohort
(p=0.037), and mean BHB of the GLP-1 Rx
cohort was lower compared to the DeRx cohort
at all time intervals (p <0.0S5; Supplementary
Fig. 2).

Results of this real-world analysis demon-
strate that GLP-1 can be discontinued without
weight regain following initiation of successful
co-therapy with carbohydrate restricted nutri-
tion within this care model. While glycemia
increased marginally, the mean remained below
the diagnostic threshold for diabetes. No differ-
ences in glycemia or body weight were observed
up to 12 months following deprescription of
GLP-1 compared to a matched cohort in whom
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GLP-1 therapy was continued. Taken together,
these results suggest that CRNT supported via
telemedicine in a continuous remote care model
may be used in combination with GLP-1 therapy
to enable stepping off GLP-1 therapy in some
individuals, and continuing CRNT (often with
concurrent metformin therapy) may provide
an effective maintenance therapy, particularly
for weight loss. More frequent maintenance
of nutritional ketosis achieved through CRNT
(indicating more consistent carbohydrate restric-
tion) was observed in the DeRx cohort during
the pre-deprescription time interval compared
to the GLP-1 Rx cohort, suggesting adherence
to CRNT may assist clinical decision-making
regarding the feasibility of deprescription for
individual patients.

The STEP 1 trial extension showed rapid
regression in glycemia and body weight follow-
ing withdrawal of semaglutide administered in
conjunction with a physical activity and caloric
restriction lifestyle intervention [19]. One year
after therapy withdrawal, participants regained
64% of weight lost and 80% of the decline in
HbA1c that had been achieved. A similar regres-
sion in weight as well as fasting plasma glucose
among individuals with T2D following the
withdrawal of a GLP-1 drug was observed in the
SCALE trial [23]. Results from the present real-
world analysis contrast prior research, showing
less regression of outcomes—only 15% of the
body weight lost and 36% of the HbA1c decline
achieved with combination GLP-1 and CRNT
prior to GLP-1 deprescription was regained in
the year following discontinuation of the medi-
cation, despite being in a group with more pro-
gressive insulin resistance. Specifically, among
those deprescribed semaglutide, there was no
regression in body weight 1 year following
discontinuation and a 40% regression in the
HbA1lc decline. Although the effects of GLP-1
therapy as an adjunct to lifestyle intervention
prior to enrollment in the clinic are unknown,
it is reasonable to expect GLP-1 therapy resulted
in HbA1lc and body weight reductions prior to
those achieved by adding CRNT and continuous
remote care, suggesting the overall regression in
HbA1c and body weight in the context of GLP-1
deprescription and continued CRNT may be less
than what can be observed in these data.

The STEP 4 and SURMOUNT 4 trials assessed
withdrawal of GLP-1 therapy, but not lifestyle
intervention, and showed regain of about half of
the weight lost during combination therapy over
the next 11-12 months while lifestyle interven-
tion was continued [20, 24]. The lifestyle inter-
vention studied in these trials focused on caloric
restriction and exercise with monthly in-person
or telephone counseling, while the lifestyle
intervention in the present real-world study
focuses primarily on carbohydrate restriction
and eating until satiety with continuous remote
support, suggesting that the type of nutrition
therapy and degree of support utilized as a com-
bination and sequential therapy may play a role
in the ability to maintain weight loss following
discontinuation of the GLP-1.

One potential reason dietary carbohydrate
restriction, and nutritional ketosis in particu-
lar, may provide an advantage for weight loss
maintenance following GLP-1 deprescription
is through reduced hunger and appetite—an
effect shared by both the drug and the nutrition
therapy. Participants in a clinical trial evaluating
the effects of the CRNT utilized in the present
study reported reduced perceptions of hunger
after 10 weeks of therapy concurrent with mean
blood BHB of 0.6 mM [25], and blood BHB con-
centrations are associated with lower concentra-
tions of the hunger hormone ghrelin and higher
concentrations of satiety hormones glucagon-
like peptide 1 and cholecystokinin [26].

Longitudinal changes in HbAlc did not dif-
fer between DeRx and Rx cohorts, though the
frequency of achieving BHB>0.3 mM with
CRNT and mean BHB was higher within the
DeRx cohort. Carbohydrate restriction results
in less glycemic variability [27], particularly
post-meal—an effect similar to that which is
achieved with GLP-1 therapy through delayed
gastric emptying [28, 29]. Further, reduced car-
bohydrate intake may to some degree replace
the need for glucose-dependent insulin secre-
tion with GLP-1 therapy. Past research has also
shown that more frequent maintenance of nutri-
tional ketosis is associated with improvements
in atherogenic dyslipidemia, glycemia, body
weight, and markers of renal function [30-32].
Given the differences in BHB concentrations
and frequency with which nutritional ketosis
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was maintained between the cohorts, blood
BHB concentrations appear to support clinical
decision-making regarding GLP-1 deprescription
in real-world clinical practice in addition to sup-
porting patients in their daily nutrition choices
and may be a useful indicator of likelihood of
success in maintaining clinical improvements
upon deprescription.

Another noteworthy observation from this
study was that patients established on GLP-1
therapy prior to enrollment in the clinic
achieved 13% weight loss and 1.6% reduction in
HbA1c following initiation of CRNT in combina-
tion with GLP-1 therapy. Further improvement
in glycemia and weight elicited with this combi-
nation therapy exceeds effects observed in other
real-world studies among those who switched to
injectable semaglutide from less potent GLP-1
[33, 34]. Further, the weight loss achieved with
carbohydrate restriction and GLP-1 combina-
tion therapy was on par or greater than weight
loss observed in STEP 2 among people with T2D
treated with 2.4 mg and 1.0 mg semaglutide [10]
and in the real world across 10 clinics [35], sug-
gesting there may be benefit to pairing GLP-1
with CRNT therapy to achieve greater weight
loss when clinically indicated or to enable
greater weight loss when higher doses are poorly
tolerated.

Additionally, cost and side effects are impor-
tant considerations in GLP-1 therapy, and may
contribute to the rates of uptake, adherence,
and persistence observed throughout the USA
today. For example, real-world persistence of
GLP-1 therapy at 1 year is approximately 50%
[36]. This suggests multiple therapeutic options
must be accessible to enable the desired clinical
outcomes for individual patients with unique
preferences and circumstances.

Strengths of this analysis include its use of
real-world data from a nationwide clinic, broad-
ening the applicability of its findings, and that it
is, to the best of the authors’ knowledge, the first
study to assess glycemia and weight outcomes
tollowing withdrawal of GLP-1 in T2D under
free-living, real-world conditions. Use of real-
world data also has limitations given its retro-
spective and observational nature, even though
differences between cohorts were reduced using
matched cohort analysis. Duration of GLP-1 use

prior to enrollment in the clinic, response to
GLP-1 and prior lifestyle therapy prior to enroll-
ment in the clinic, and adherence to GLP-1
therapy could not be accounted for. Application
of these findings is limited to the medications
utilized by the patient population included in
this analysis. Future research should evaluate the
effect of GLP-1 deprescription including medi-
cations which have recently come to market as
indicated for T2D or for excess weight or obe-
sity without T2D and include data from time of
GLP-1 therapy initiation.

CONCLUSION

Results of this real-world analysis demonstrate
that GLP-1 can be deprescribed without nega-
tive effects on glycemia and body weight follow-
ing initiation of co-therapy with CRNT within
this care model. These real-world data contrast
clinical trial evidence in which rapid weight
regain was observed following discontinuation
of GLP-1 therapy even when traditional caloric
restriction and physical activity counseling per-
sisted and suggest that CRNT and continuous
care may provide an appropriate glycemia and
body weight maintenance therapy following
deprescription, to mitigate the need for lifelong,
continued GLP-1 therapy.
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