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IMPORTANCE Traditionally, group medical visits (GMVs) for persons with diabetes improved
glycemia by intensifying medications, which infrequently led to weight loss. Incorporating
GMVs with intensive dietary change could enable weight loss and improve glycemia while
decreasing medication intensity.

OBJECTIVE To examine whether a program of GMVs combined with intensive weight
management (WM) is noninferior to GMVs alone for change in glycated hemoglobin (HbA1c)
level at 48 weeks (prespecified margin of 0.5%) and superior to GMVs alone for
hypoglycemic events, diabetes medication intensity, and weight loss.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial identified via the electronic
medical record 2814 outpatients with type 2 diabetes, uncontrolled HbA1c, and body mass
index (BMI; calculated as weight in kilograms divided by height in meters squared) of 27 or
higher from Veterans Affairs Medical Center clinics in Durham and Greenville, North Carolina.
Between January 12, 2015, and May 30, 2017, 263 outpatients started the intervention.

INTERVENTIONS Participants randomized to the GMV group (n = 136) received counseling
about diabetes-related topics with medication optimization every 4 weeks for 16 weeks, then
every 8 weeks (9 visits). Participants randomized to the WM/GMV group (n = 127) received
low-carbohydrate diet counseling with baseline medication reduction and subsequent
medication optimization every 2 weeks for 16 weeks followed by an abbreviated GMV
intervention every 8 weeks (13 visits).

MAIN OUTCOMES AND MEASURES Outcomes included HbA1c level, hypoglycemic events,
diabetes medication effect score, and weight at 48 weeks analyzed using hierarchical
generalized mixed models to account for clustering within group sessions.

RESULTS Among 263 participants (mean [SD] age, 60.7 [8.2] years; 235 [89.4%] men; 143
[54.4%] black), baseline HbA1c level was 9.1% (1.3%) and BMI was 35.3 (5.1). At 48 weeks,
HbA1c level was improved in both study arms (8.2% in the WM/GMV arm and 8.3% in the
GMV arm; mean difference, −0.1%; 95% CI, −0.5% to 0.2%; upper 95% CI, <0.5% threshold;
P = .44). The WM/GMV arm had lower diabetes medication use (mean difference in
medication effect score, −0.5; 95% CI, −0.6 to −0.3; P < .001) and greater weight loss (mean
difference, −3.7 kg; 95% CI, −5.5 to −1.9 kg; P < .001) than did the GMV arm at 48 weeks and
approximately 50% fewer hypoglycemic events (incidence rate ratio, 0.49; 95% CI, 0.27 to
0.71; P < .001) during the 48-week period.

CONCLUSIONS AND RELEVANCE In GMVs for diabetes, addition of WM using a
low-carbohydrate diet was noninferior for lowering HbA1c levels compared with conventional
medication management and showed advantages in other clinically important outcomes.
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G roup medical visits (GMVs) are a health care system re-
design strategy in which groups of patients who share
a common chronic condition meet to receive educa-

tion, self-management skills training, and medication man-
agement to improve clinical outcomes. Meta-analyses of ran-
domized clinical trials have shown that GMVs for patients with
type 2 diabetes improve glycated hemoglobin (HbA1c) levels
by approximately 0.5% (to convert to proportion of total he-
moglobin, multiply by 0.01).1,2 The GMVs improve HbA1c lev-
els primarily via medication intensification (which can have
undesirable adverse effects, such as weight gain and hypogly-
cemia) that may attenuate the macrovascular benefits of gly-
cemic control.1-3

Weight management (WM) is one of the factors most as-
sociated with glycemic control4-6 and is associated with lower
risk for diabetes complications independent of glycemic
control.7,8 Because weight loss in patients with type 2 diabe-
tes can improve glycemic control while reducing diabetes medi-
cation needs, subsequent risk for hypoglycemia may also be
lower.6,9,10 Emerging research has shown potential advan-
tages to weight loss with a low-carbohydrate diet in these
domains.11,12 However, 1 meta-analysis found no effect of GMVs
for diabetes on weight, and no previous studies of GMVs have
used a low-carbohydrate diet to our knowledge.2

Therefore, we tested an evidence-based GMV program
alone vs an evidence-based WM program using a low-
carbohydrate diet combined with the GMV program (WM/
GMV) in an outpatient clinical setting. Because diabetes medi-
cation use may be reduced with WM, offsetting some of the
glycemic improvement, this study was designed as a nonin-
feriority trial for the primary outcome of HbA1c level. How-
ever, we hypothesized the WM/GMV intervention would be su-
perior to GMV alone with regard to hypoglycemic events,
medication burden, and weight.

Methods
Study Design
This 2-arm randomized clinical trial took place at 2 sites (Dur-
ham and Greenville, North Carolina) and included outpatient
participants with uncontrolled type 2 diabetes followed up for
48 weeks (Trial Protocol in Supplement 1).13 Participants in both
arms received a GMV intervention, with 1 arm focusing on
weight management (WM/GMV) and the other on medica-
tion intensification (GMV) for glycemic control. The study was
approved by the Durham Veterans Affairs Health Care Sys-
tem institutional review board. A data monitoring committee
monitored recruitment and adverse events. All participants
provided written informed consent. This study followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

Setting and Participants
Participants included veterans enrolled from Veterans Af-
fairs Medical Center clinics between January 12, 2015, and May
30, 2017. Eligibility was assessed by electronic health record
or telephone, followed by in-person screening, at which point

written informed consent was obtained.13 Key eligibility cri-
teria were type 2 diabetes, HbA1c level of at least 8.0% (≥7.5%
if age <55 years), body mass index (BMI; calculated as weight
in kilograms divided by height in meters squared) of 27 or
higher, and interest in losing weight. Key exclusion criteria were
(1) age of at least 75 years; (2) hemoglobinopathy; (3) certain
chronic or unstable diseases; (4) pregnancy, breastfeeding, or
lack of birth control if premenopausal; (5) dementia, un-
stable psychiatric illness, or substance abuse; and (6) enroll-
ment in another study that might affect the main outcomes.
To increase slower than expected enrollment, the following
changes were made: (1) removal of HbA1c upper limit of
12.0% and decreased lower limit to at least 7.5% if younger than
55 years, (2) removal of recent weight loss exclusion, (3) short-
ened exclusion for recent unstable heart disease to 1 month,
and (4) addition of the Greenville site.

Randomization
Eligible participants were randomized using a computerized
random number generator in blocks of 2 (study personnel other
than statisticians blinded to block size) within strata defined
by baseline HbA1c level (7.5%-8.9% vs ≥9%) and insulin use
(multiple types vs 1 type or none). After a participant was as-
signed to a study arm, a staff person blinded to assignment in-
formed the participant by telephone of the initial small group
visit. Study arm assignment was not revealed until the initial
visit to avoid participants starting behavior changes before ini-
tiation of the intervention and dropout associated with not re-
ceiving the preferred treatment. Participants were consid-
ered to be randomized when they learned of their assignment
at the initial visit, which was when baseline study outcomes
were collected and the interventions began. Participants who
dropped out before the first visit were not included in data
analyses.

Interventions
Participants were assigned to intervention groups (goal of 8-15
participants per group) based on their arm assignment. Ses-
sions for both arms lasted approximately 1.5 to 2 hours and

Key Points
Question Does adding intensive weight management to group
medical visits improve glycemia compared with group medical
visits alone while also enhancing weight loss and decreasing
medication intensity in patients with type 2 diabetes?

Findings In this randomized clinical trial of 263 individuals with
diabetes and mean hemoglobin A1c level of 9.1% at baseline, during
the 48 weeks, hemoglobin A1c level improved in both study arms
(8.2% and 8.3%). Weight management added to group medical
visits also led to reduced diabetes medication use, greater weight
loss, and fewer hypoglycemic events.

Meaning For persons with diabetes who attended group medical
visits, adding intensive weight management using
low-carbohydrate nutrition counseling showed comparable
glycemic improvement plus advantages in several clinically
important outcomes.
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started with outcome data collection by research staff, fol-
lowed by group counseling led by a registered nurse or regis-
tered dietitian. Sessions ended with a one-on-one meeting with
a study physician assigned to the group.13 The study physi-
cians included 2 general internists and 4 endocrinologists. Par-
ticipants in both arms received a nutrient handbook and simi-
lar information emphasizing adequate hydration and physical
activity.14,15

Participants in the GMV groups met every 4 weeks for
16 weeks and every 8 weeks thereafter for diabetes counsel-
ing and medication management. The goal of the GMV inter-
vention was to enhance overall diabetes management. A nurse
led the class in discussing topics associated with diabetes self-
management, such as foot care, managing hypoglycemia, and
preventing diabetes complications.13 After the class, each par-
ticipant met with a study physician to review blood glucose
and hypoglycemic episode data, address any health con-
cerns, and optimize medications for glycemic control and car-
diovascular disease prevention using a study-specific algo-
rithm and clinical guidelines.13,16

Participants in the WM/GMV groups met every 2 weeks for
16 weeks for WM counseling and medication management and
every 8 weeks thereafter for diabetes counseling, medication
management, and continued WM support. The WM/GMV in-
tervention included low-carbohydrate nutrition, physical ac-
tivity, and weight management counseling. A dietitian pro-
vided the nutritional counseling using a book and handouts.17

Initially, carbohydrate intake was restricted to approximately
20 to 30 g per day with no specified caloric restriction.18,19 Par-
ticipants were taught how to add to daily carbohydrate intake
gradually as they approached their weight goal or if adher-
ence was threatened.18-20 Classes covered topics, such as gro-
cery shopping, restaurant eating, and recipe makeovers, and
incorporated behavioral techniques to improve adherence.
Physical activity was emphasized at later visits to aid weight
maintenance, with discussions on overcoming barriers and
demonstrations of home exercises.15 With use of an algo-
rithm, doses of diabetes medications related to hypoglyce-
mia (insulin and sulfonylureas) and/or weight gain (thiazoli-
dinediones) were reduced by a study physician during the first
16 weeks and optimized for glycemic control thereafter. Be-
cause of the diuresis that occurs at diet initiation, low-dose di-
uretics were discontinued and higher doses were reduced;
doses were reinstated at future visits if blood pressure or pe-
ripheral edema warranted.

Fidelity to the interventions was assessed by research per-
sonnel using a checklist of the key topics covered at each group
meeting. Medication adjustments were reviewed periodi-
cally by the collective study physicians with the data moni-
toring committee members to enhance individual physician
adherence to the algorithm.

Measurements
Study measurements were collected by trained research per-
sonnel at parallel time points in both arms. Weight and hypo-
glycemic events were additionally assessed at weeks 2, 6, 10,
and 14 in the WM/GMV arm for safety and medication adjust-
ment purposes but were not used as outcomes. Because of the

nature of the interventions and the coincident collection of out-
comes (eg, hypoglycemia) at group sessions, it was not pos-
sible to blind patients, interventionists (dietitian, nurse, and
clinicians), or research personnel to intervention assign-
ment. However, measurement of the primary outcome, HbA1c

level, and other laboratory tests were performed by central
laboratory technicians who were unaware of the interven-
tion assignment.

Body weight was measured at every visit using a standard-
ized digital scale. Participants recorded any medication changes
since the previous visit on a printed sheet of their medica-
tions that was updated after every visit. Medications for dia-
betes, hypertension, and hyperlipidemia (with doses and
schedules) were confirmed by a study physician. The medi-
cation effect score was used to summarize each participant’s
diabetes medication regimen, allowing comparison across dif-
ferent patient regimens.21 The medication effect score is based
on the doses and potencies of medications in a patient’s regi-
men; it is calculated as the percentage taken of the maximum
dose multiplied by the expected HbA1c-lowering effect for each
of a participant’s medications, and these products were then
summed across the patient’s medication regimen. Partici-
pants logged hypoglycemic events using a standardized form
to improve recall of events.22 Hypoglycemic events were as-
sessed with a questionnaire at every visit or by telephone if
the participant missed a visit. The questionnaire distin-
guished between asymptomatic and symptomatic hypogly-
cemic events and unassisted and assisted events.23 Diabetes-
related emotional distress was assessed using the Problem
Areas in Diabetes (PAID) scale, a sensitive and responsive
20-item measure with demonstrated reliability, validity (com-
pared with general emotional distress, glycemic control, fear
of hypoglycemia, and self-care behaviors), and responsive-
ness. Problem Areas in Diabetes scores range from 0 to 100,
with higher scores indicating higher levels of diabetes-
related emotional distress.24,25 Dietary intake was assessed at
baseline and every 16 weeks by 3-day food records, with data
verified and entered by a registered dietitian and analyzed using
Food Processor software, version 11.0.124 (ESHA Research);
physical activity was assessed on the same schedule using the
International Physical Activity Questionnaire, long version.26

Blood pressure was measured twice (and averaged) at each visit
using an automatic sphygmomanometer with an appropri-
ately sized cuff after the participant was seated quietly for
5 minutes.

The cost of delivering each intervention was assessed by
having study staff record time spent on intervention-related
activities, calculating the cost of nonlabor inputs (eg, laboratory
tests and participant materials), and applying a 30% indirect rate
for utilities, office space, and other administrative services.
Market laboratorycosts(insteadofVeteransAdministrationlabo-
ratory costs, which are less expensive) were applied.

Statistical Analysis
For the primary noninferiority analysis, we conducted both an
intention-to-treat analysis and a per-protocol analysis for the
subset of patients who attended at least 75% of visits.27,28 Our
secondary analyses were superiority tests and were con-
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ducted on an intention-to-treat basis regardless of interven-
tion attendance using all data available. For intention-to-
treat analyses with implicit- and explicit-imputed outcomes
for missing data, we assumed continuation of assigned
treatment.29

For continuous longitudinal outcomes (HbA1c level,
medication effect score, weight, and Problem Areas in Dia-
betes scale), hierarchical linear mixed-effects models were
used to test hypotheses of treatment differences over time
with restricted likelihood estimation.30 The final models
included fixed effects for linear, quadratic, and/or cubic time
(depending on best fit) (eMethods in Supplement 2); associ-
ated time-by-arm interaction terms; and the randomization
stratification variables. A random effect was fit to account
for the clustering of counseling group over time, and covari-
ance terms were fit for the repeated measures over time. The
best covariance structure for each outcome was determined
using Akaike Information Criteria model selection criteria.31

We tested the noninferiority hypothesis for the primary out-
come by estimating the difference in HbA1c levels between
the WM/GMV and GMV groups at 48 weeks from model
measures and examining the upper limit of the 95% CI of the
estimate for inclusion of the 0.5% HbA1c noninferiority
threshold; this threshold was considered to be the minimum
clinically important difference.32,33 Longitudinal models
used all available data, including data from participants who
had missing observations and/or were lost to attrition, with
the estimation procedure implicitly accommodating missing
values when related to previous outcomes or to other base-
line covariates in the model (ie, missing at random). For the
per-protocol analysis, we fit the primary model to the subset
of patients in each arm who attended at least 75% of group
sessions. To assess the primary model’s robustness to miss-
ing observations, we multiply imputed missing longitudinal
HbA1c measurements using a Markov chain Monte Carlo
algorithm incorporating additional variables (eMethods in
Supplement 2) beyond those in the linear mixed-effects
models to strengthen the missing-at-random assumption.
For the per-person count of hypoglycemic events for
48 weeks, a hierarchical generalized linear mixed model
with a negative binomial distribution and log link was used
with a random effect for counseling group, including fixed
effects for randomization arm, baseline number of hypogly-
cemic events, and randomization stratification variables.34

Statistical analyses were performed using SAS for Windows,
version 9.4 (SAS Institute) and R Project (R Foundation for
Statistical Computing). Additional details of statistical meth-
ods are given in the eMethods in Supplement 2.

Sample size calculations accounted for clustering due to
counseling groups using an intraclass correlation coefficient
of 0.01 and assumed a within-patient correlation of HbA1c

level of 0.50 to adjust the variance of a 1-sided, 2-sample
difference-in-means test (ie, the difference in HbA1c level at
48 weeks between the WM/GMV and GMV arms) with a sig-
nificance level of 0.025, an SD of 1.5%, and a 20% final drop-
out rate.35-37 Based on these assumptions, we estimated that
308 participants (154 per arm) were needed to identify less
than 0.5% difference in HbA1c level (noninferiority thresh-

old) between the 2 treatment arms. Because of lower than
expected recruitment rates (primarily owing to patients’
inability to attend sessions or improved glycemic control),
higher than assumed retention for the primary outcome, and
lower than assumed SD of HbA1c level, we conducted an
updated sample size calculation for a cost extension pro-
posal assuming a 15% loss to follow-up and an SD of 1.4% for
HbA1c level. With these updated assumptions, sample sizes
ranging from 254 to 290 participants yielded 80% power for
the noninferiority hypothesis. Sample size calculations were
conducted using PASS, version 11 (NCSS Statistical Software).

Results
Participants, Retention, and Attendance
We assessed 2814 veterans for eligibility and consented 438
participants (Figure 1). Of these, 263 participants were eli-
gible and attended the first group session. At baseline,
participants had a mean (SD) age of 60.7 (8.2) years, HbA1c

level of 9.1% (1.3%), and BMI of 35.3 (5.1); 143 (54.4%) had
black race/ethnicity, and 235 (89.4%) were men (Table 1).
At 48 weeks, 109 of 127 WM/GMV participants (85.8%) and
117 of 136 GMV participants (86.0%) completed HbA1c mea-
surements.

The mean (SD) number of group sessions attended was 9.1
(3.9) of 13 sessions for WM/GMV participants and 6.0 (2.6) of
9 sessions for GMV participants. Seventy-seven of WM/GMV

Figure 1. Participant Flow

2814 Patients assessed for eligibility

127 Randomized to WM/GMV arm 136 Randomized to GMV arm

438 Consented

2376 Excluded
1118 Refused to participate
1047 Did not meet inclusion 

criteria
211 Unable to contact

175 Excluded
123 Did not meet clinical or 

laboratory criteria
48 Did not attend visit 1
4 Refused to participate

263 Randomized

18 Discontinued intervention
12 Withdrew from study
4 Lost to follow-up
2 Excluded from study

109 Completed measures at 48 wk
127 Included in intent-to-treat 

analysis

117 Completed measures at 48 wk
136 Included in intent-to-treat 

analysis

19 Discontinued intervention
12 Lost to follow-up
5 Withdrew from study
2 Excluded from study

GMV indicates group medical visit; WM, weight management.
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participants (60.6%) and 75 of GMV participants (55.2%) at-
tended at least 75% of sessions. Of these participants, only
1 person was missing an HbA1c measurement at 48 weeks.

HbA1c Outcomes
In the intention-to-treat analysis, WM/GMV was found to be
noninferior compared with GMV at 48 weeks for HbA1c levels
(estimated mean difference, −0.1%; 95% CI, −0.5% to 0.2%;
upper 95% CI, <0.5%) but not superior to GMV (P = .44).
Between baseline and 48 weeks, HbA1c level decreased 0.9%
(95% CI, −1.2% to −0.6%) in the WM/GMV group and
decreased 0.8% (95% CI, −1.0% to −0.5%) in the GMV group.
Similar results were found in the per-protocol analysis and
using multiple imputed data sets (eMethods in Supple-
ment 2). The mean reduction in HbA1c level was greater in
the WM/GMV group compared with the GMV group at 16
weeks (estimated mean difference, −0.7%; 95% CI, −1.0 to
−0.4) and at 32 weeks (estimated mean difference, −0.5%;
95% CI, −0.8 to −0.1), but the arms converged at 48 weeks
(estimated mean difference, –0.1%; 95% CI, –0.5% to 0.2%)
(Figure 2A). At 48 weeks, 48 of 109 WM/GMV participants
(44.0%) and 34 of 117 GMV participants (29.1%) achieved an
HbA1c level below 7.5%, the minimum level allowed to enroll
in the study. Regarding a definition used for diabetes remis-

sion, 12 of 109 WM/GMV participants (11.0%) and no GMV
participants achieved an HbA1c level <6.5% after receiving
metformin alone or no diabetes medication.11 The estimated
mean intraclass correlation coefficient for HbA1c level
accounting for group clustering across time was 0.008.

Secondary Outcomes
The WM/GMV participants reported significantly fewer
hypoglycemic events compared with GMV participants dur-
ing 48 weeks (incidence rate ratio, 0.49; 95% CI, 0.27-0.71;
P < .001). The estimated mean number of hypoglycemic
events among WM/GMV participants during 48 weeks was
3.2 (95% CI, 2.1-4.4; approximately 1 event/16 weeks) and
among GMV participants was 6.6 (95% CI, 4.5-8.6; approxi-
mately 1 event/8 weeks), assuming no baseline events. There
were few individuals with hypoglycemic events who needed
assistance from family (7 persons in the WM/GMV arm and
9 persons in the GMV arm) or medical personnel (0 in the
WM/GMV arm and 6 in the GMV arm). During 48 weeks, the
estimated baseline medication effect score of 2.3 points
(95% CI, 2.2-2.4 points) decreased to 2.2 (95% CI, 2.0-2.3) in
the WM/GMV arm, whereas it increased to 2.7 (95% CI, 2.5-
2.8) in the GMV arm (estimated mean difference, −0.5;
95% CI, −0.6 to −0.3; P < .001) (Table 2 and Figure 2B).

Table 1. Baseline Participant Characteristics

Characteristic All (n = 263)
WM/GMV Group
(n = 127) GMV Group (n = 136)

Age, mean (SD), y 60.7 (8.2) 61.0 (8.1) 60.4 (8.3)

Age at diabetes diagnosis, mean (SD), ya 47.4 (10.3) 47.3 (10.1) 47.5 (10.6)

Men, No. (%) 235 (89.4) 110 (86.6) 125 (91.9)

Race/ethnicity, No. (%)

White 112 (42.6) 60 (47.2) 52 (38.2)

African American 143 (54.4) 64 (50.4) 79 (58.1)

Other 8 (3.0) 3 (2.4) 5 (3.7)

College degree, No. (%) 113 (43.0) 61 (48.0) 52 (38.2)

Clinical measures, mean (SD)

HbA1c level, % 9.1 (1.3) 9.0 (1.3) 9.2 (1.3)

Body weight, kg 108.5 (19.6) 109.1 (20.7) 107.9 (18.5)

Body mass indexb 35.3 (5.1) 35.6 (5.4) 35.0 (4.8)

Waist circumference, cm 46.2 (5.1) 46.5 (5.3) 45.9 (5.0)

Hypoglycemic events, No.c 1.3 (3.2) 1.4 (3.7) 1.1 (2.7)

Diabetes regimen, No. (%)

Metformin 217 (82.5) 105 (82.7) 112 (82.3)

Sulfonylureas 119 (45.2) 53 (41.7) 66 (48.5)

Thiazolidinedione 8 (3.0) 5 (3.9) 3 (2.2)

DPP-4 inhibitors 10 (3.8) 8 (6.3) 2 (1.5)

GLP-1 receptor agonists 7 (2.7) 3 (2.4) 4 (2.9)

SGLT-2 inhibitors 4 (1.5) 1 (0.8) 3 (2.2)

No insulin 101 (38.4) 51 (40.2) 50 (36.8)

Basal insulin alone 65 (24.7) 28 (22.0) 37 (27.2)

Prandial with or without basal insulin 97 (36.9) 48 (37.8) 49 (36.0)

Receiving hypertension medication, No. (%) 235 (89.4) 116 (91.3) 119 (87.5)

Receiving cholesterol medication, No. (%) 209 (79.5) 106 (83.5) 103 (75.7)

Medication effect score, mean (SD) 2.3 (1.1) 2.2 (1.1) 2.3 (1.1)

PAID score, mean (SD)d 30.5 (21.6) 29.9 (19.9) 31.0 (23.2)

Abbreviations: DPP-4 indicates
dipeptidyl peptidase 4;
GLP-1, glucagon-like peptide-1;
GMV, group medical visit;
HbA1c, glycated hemoglobin;
PAID, Problem Areas in Diabetes;
SGLT-2, sodium-glucose
co-transporter-2; WM, weight
management.
a Patients (GMV [n = 2] and WM/GMV

[n = 2]) who were missing age at
diabetes diagnosis.

b Calculated as weight in kilograms
divided by height in meters
squared.

c Patients (GMV [n = 2] and WM/GMV
[n = 4]) who were missing data on
hypoglycemic events.

d Patients (GMV [n = 4]) who were
missing a PAID score. Scores range
from 0 to 100, with higher scores
indicating higher levels of
diabetes-related emotional distress.
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Figure 3 details medication dose changes for each medica-
tion class by arm for the 168 participants who attended week
48. Mean estimated weight loss was 3.7 kg (95% CI, −5.5 to
−1.9 kg; P < .001) greater in the WM/GMV arm (−4.1 kg) com-
pared with the GMV arm (−0.4 kg) at 48 weeks (Figure 2C).
Diabetes-associated distress as measured by Problem Areas
in Diabetes score decreased more in the WM/GMV arm than
in the GMV arm at 16 and 32 weeks but was similar between
the 2 arms at week 48 (estimated difference, –2.0; 95% CI,
–6.1 to 2.2; P = .35) (Figure 2D). The estimated intervention
cost per patient was $1513.42 (95% CI, $1451.34-$1575.49)
for patients in the WM/GMV arm and $1264.49 (95% CI,
$1204.39-$1324.59) for patients in the GMV arm.

Results for dietary intake, physical activity, blood pressure,
and additional laboratory measurements (fasting serum choles-
terolprofileandserumcreatininelevel)areincludedineTables1-3
in Supplement 2. High-density lipoprotein cholesterol levels im-
proved more during 48 weeks in the WM/GMV arm than in the
GMV arm. There were 27 serious adverse events in each arm; of
these, 2 adverse events in the WM/GMV arm and 11 adverse
events in the GMV arm were related to cardiac events. There were
2 deaths in the WM/GMV arm (1 each related to esophageal tear
andcirrhosis)and2deathsintheGMVarm(1eachrelatedtomyo-
cardial infarction and stroke).

Discussion
This study compared 2 GMV-based counseling approaches to
diabetes management: 1 approach focusing on diabetes medi-

cation management for glycemic control (GMV) and the other
focusing on intensive WM using a low-carbohydrate diet in ad-
dition to diabetes medication management (WM/GMV). Al-
though the patients receiving the WM/GMV approach had
greater initial improvement in glycemic control, by 48 weeks,
glycemic control converged to the improvement seen with
medication management alone. However, the WM/GMV ap-
proach led to greater weight loss, reduced diabetes medica-
tion use, and fewer hypoglycemic events during 48 weeks.
When GMVs are used for diabetes, WM/GMV should be con-
sidered as an alternative, noninferior approach for glycemic
management that has additional clinical advantages.

Other recent studies11,12,38 have tested lifestyle WM strat-
egies for diabetes. In the Diabetes Remission Clinical Trial
(DiRECT),38 a low-calorie meal replacement program led to
weight loss of 8.8 kg compared with usual care during 12
months, as well as reduction in receiving both diabetes and
hypertension medications. In a nonrandomized study11

using a similar low-carbohydrate diet approach as the
present study, weight loss was 13.8 kg at 1 year, and rate of
diabetes medication use other than metformin declined
from 57% to 30%. Greater improvement in HbA1c level,
weight loss, and diabetes medication reduction were also
seen using a low-carbohydrate approach in a small random-
ized trial12 during 12 months. Our study contrasted with
these studies by using an active comparison, with more
similar attention to participants between arms, and both
interventions aimed at improving HbA1c levels.

The greatest differences between the 2 approaches of the
present study occurred at 16 weeks after the intensive initial

Figure 2. Estimated Trajectories by Arm for Hemoglobin A1c Level, Medication Effect Score, Weight,
and Diabetes Distress Score at Measurement Times From Hierarchical Linear Mixed Models
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phase of the WM/GMV program. At that point, the WM/GMV
intervention decreased HbA1c level by 1.7% from baseline,
which was 0.7% lower than the GMV arm. The WM/GMV in-
tervention also led to a 5.6-point difference in Problem Areas
in Diabetes score compared with GMV at this interim point. The
improvement in diabetes distress symptoms likely was asso-
ciated with the WM/GMV participants’ weight loss and medi-
cation reduction at that point since both have been associ-
ated previously with improved quality of life.39,40 A remaining
question is whether these differences may have been more du-
rable had the intervention persisted at a higher frequency (than
every 2 months), which increases long-term adherence to life-
style changes.41

Compared with the weight and medication use out-
comes, the lower rate of hypoglycemic events in the WM/
GMV arm was more unexpected and deserves acknowledg-
ment. Hypoglycemia is commonly identified by people with
diabetes as a cause for apprehension and is correlated with
lower quality of life.42,43 In addition, fear of hypoglycemia can
interfere with efforts at more intensive glycemic control.44 Be-
cause hypoglycemia is often associated with a mismatch be-
tween certain diabetes medications and carbohydrate intake,
dietary change, particularly carbohydrate reduction, can re-
duce glycemia and diabetes medication dose concurrently,
thereby reducing the chance for such a mismatch.11,12,21,45,46

Limitations
The different frequency of meetings in the 2 arms during the
first 16 weeks was a limitation of this study. The more fre-
quent meetings in the WM/GMV group was consistent with
guideline recommendations for WM interventions; the lower
initial GMV intervention frequency was consistent with pub-
lished approaches and chosen to provide a valid comparison
of 2 different diabetes management approaches, recognizing
that more frequent meetings could lead to a participant per-
ceiving either increased attention or increased burden.1,41,47

Another limitation was that study physicians could not feasi-
bly be blinded to the study arm because recent dietary intake
and weight trajectory can factor into decision-making for medi-
cation adjustment. We tried to minimize any associated bias
by having multiple study physicians, using medication man-
agement algorithms, and monitoring fidelity to the algo-
rithms. In addition, mean weight change was modest in the
WM/GMV arm, and target HbA1c levels per guidelines were not
achieved in either group48; however, the changes observed
were adequate to lead to health improvements. The study’s low
enrollment rate raises concerns about generalizability, but
people with uncontrolled diabetes have known barriers to
health care that also may limit enrollment in research.49 In this
study at a major referral center, distance from the interven-
tion site was an additional barrier to recruitment.

Table 2. Estimated Means and Mean Differences (95% CI) of Outcomes for WM/GMV and GMV Arms by Time Point

Measurement WM/GMV Group GMV Group Mean Difference (95% CI) P Value
HbA1c level, %a

Baseline 9.1 9.1 NA NA

16 wk 7.4 8.1 −0.7 (−1.0 to −0.4) NA

32 wk 7.8 8.3 −0.5 (−0.8 to −0.1) NA

48 wk 8.2 8.3 −0.1 (−0.5 to 0.2) .44

Medication effect scoreb

Baseline 2.3 2.3 NA NA

16 wk 2.1 2.5 −0.4 (−0.6 to −0.3) NA

32 wk 2.1 2.6 −0.5 (−0.7 to −0.3) NA

48 wk 2.2 2.7 −0.5 (−0.6 to −0.3) <.001

Body weight, kgc

Baseline 108.4 108.4 NA NA

16 wk 103.7 108.7 −5.0 (−5.9 to −4.1) NA

32 wk 102.3 108.5 −6.2 (−7.6 to −4.9) NA

48 wk 104.3 108.0 −3.7 (−5.5 to −1.9) <.001

Problem Areas in Diabetes scored,e

Baseline 30.5 30.5 NA NA

16 wk 17.5 23.1 −5.6 (−9.3 to −1.9) NA

32 wk 17.4 22.5 −5.1 (−8.7 to −1.5) NA

48 wk 18.3 20.3 −2.0 (−6.1 to 2.2) .35

Abbreviations: GMV, group medical visit; HbA1c, glycated hemoglobin;
NA, not applicable; WM, weight management.
a Follow-up data at week 16 are missing for 36 participants (WM/GMV [n = 17]

and GMV [n = 19]), at week 32 for 49 participants (WM/GMV [n = 24] and
GMV [n = 25]), and at week 48 for 37 participants (WM/GMV [n = 18] and
GMV [n = 19]).

b Follow-up data at week 16 are missing for 68 participants (WM/GMV [n = 32]
and GMV [n = 36]), at week 32 for 106 participants (WM/GMV [n = 53] and
GMV [n = 53]), and at week 48 for 95 participants (WM/GMV [n = 48] and
GMV [n = 47]).

c Follow-up data at week 16 are missing for 41 participants (WM/GMV [n = 19]
and GMV [n = 22]), at week 32 for 65 participants (WM/GMV [n = 31] and GMV
[n = 34]), and at week 48 for 54 participants (WM/GMV [n = 26] and GMV
[n = 28]).

d Baseline data are missing for 4 GMV participants. Follow-up data at week 16
are missing for 48 participants (WM/GMV [n = 23] and GMV [n = 25]), at week
32 for 69 participants (WM/GMV [n = 33] and GMV [n = 36]), and at week
48 for 59 participants (WM/GMV [n = 26] and GMV [n = 33]).

e Scores range from 0 to 100. with higher scores indicating higher levels of
diabetes-related emotional distress.
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Conclusions

The results from this study indicate that intensive WM
using a low-carbohydrate diet can be as effective for glyce-
mic improvement as medication intensification in GMVs.

Furthermore, the WM program had additional benefits
by reducing weight, medication burden, and hypoglycemic
events. Given these benefits and the knowledge that lifestyle
changes can be difficult to maintain,50 we should continue
to develop strategies that help patients sustain these
improvements.
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