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Current guidelines recommend behavioral treatment (BT) as the first

intervention for patients with obesity. However, a substantial minority
(35-50%) do not achieve a clinically meaningful loss of >5%. Anti-obesity
medications (AOMs) are recommended when target weight loss is not
achieved; however, their efficacy among BT nonresponders has not been
established. This double-blind, randomized controlled proof-of-principle
study evaluated whether augmenting BT with AOM improved 24-week
weightloss compared to BT with placebo in early nonresponders to BT.
Atotal of 147 adults with abody mass index =31 kg m (=28 kg m 2 with
obesity-related comorbidity) completed an initial 4-week BT run-in.

The 76 early nonresponders who lost <2.0% of initial weight were then
randomized to 24 weeks of either BT plus placebo (BT + P, n=38) or BT

plus AOM (phentermine =15.0 mg d™, n=38). Early responders received
ongoing BT and were not part of the randomized trial. The primary outcome
was met; early nonresponders assigned to BT + AOM had a greater mean
(zs.e.) reductioninweight of 5.9 + 0.7% from randomization to week

24, as compared to 2.8 + 0.7% for those assigned to BT + P (mean diffe-
rence=3.1+£1.0,95% confidence interval =1.1-5.1%, Cohen’sd = 0.73,
P=0.003). Stepping up early BT nonresponders to BT + AOM improves their
24-week weight loss. ClinicalTrials.gov registration: NCT03779048.

Current obesity management guidelines recommend a >6-month
course of behavioral treatment (BT) that includes a reduced-calorie
diet, increased physical activity and behavioral strategies to facili-
tate goal adherence as the first intervention for improving weight
and cardiovascular disease (CVD) risk"*. On average, patients lose
5-8% of initial weight after 4-6 months of high-intensity BT (that is,
>14 sessions in 6 months), with smaller mean losses in less intensive
programs®. A loss of >5% of initial weight is a common criterion for

clinically meaningful weight loss and is associated with improve-
ments in CVD risk factors’. However, 35-50% of patients fail to lose
this amount with high-intensity BT*>.

Slow early weight loss in the first 1-2 months of BT is a strong pre-
dictor of limited total weight loss after 6-12 months of treatment’~’.
Approximately one-third of participants lose <0.5% of body weight per
week inthe first month of intensive BT, and the majority of these early
nonresponders (53-70%) do not achieve a loss of >5% initial weight
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after 6 months of treatment®’. Some investigators have suggested
that BT nonresponders be provided an additional therapy or a differ-
entintervention altogether as early as possible, rather than spending
>6 monthsinatreatment thatisunlikely to facilitate a clinically signifi-
cantweightloss’”. Early nonresponders to BT canbecome discouraged
about reaching their desired weight loss goals and are more likely to
drop out of treatment®®,

Several studies have examined the efficacy of stepped-care
approaches for obesity treatment in which BT is intensified for patients
who do not meet early weight loss milestones. The baseline treatment
offered in these programs has typically been of low intensity, consist-
ing of self-help, internet-based or monthly BT visits, and treatment
has primarily been intensified by increasing provider contact rather
than by offering an adjunctive intervention®™. To our knowledge, no
studies haveinvestigated whether arapid step-up approachimproves
weightlossin early nonresponders who are already receiving 6 months
ofintensive BT.

Expert panels have recommended the addition of anti-obesity
medications (AOMs) approved for chronic weight management for
individuals withabody massindex (BMI) > 30 kg m™ (or BMI > 27 kg m™
with comorbidity) who are unable to lose weight or sustain weight loss
with BT alone'?. For example, the 2014 updated guidelines from the
National Institute for Health and Care Excellence for the management
of overweight and obesity stated that the addition of medication should
be considered for adults ‘only after dietary, exercise, and behavioral
approaches have been started and evaluated, and a target weight loss
hasnot been reached or a plateau has been reached”. Multiple studies
have shown that the addition of AOM to either high- or low-intensity
BT significantly increases mean weight loss, as compared to BT with
placebo?°. Studies evaluating the efficacy of AOMs have either initi-
ated medication simultaneously with BT, or have only randomized
patients to AOM or placebo (for maintenance) if they first achieved a
certain weight loss criterion (for example, 25%) with BT'>">. Remark-
ably, therecommendation to offer AOM to individuals who are unable
to successfully lose weight with BT alone has never been tested in a
randomized trial.

Phentermine hydrochloride is a sympathomimetic amine
thought to reduce appetite and food intake by increasing norepi-
nephrine and possibly catecholamine levels in the hypothalamus?®2,
Phentermine was approved by the US Food and Drug Administration
(FDA) in 1959 and by the European Medicines Agency (EMA) in 1996
for ‘short-term’ use, commonly interpreted as 12 or fewer weeks.
In 2012, the FDA also approved the combination of phentermine
(7.5-15.0 mg d™) plus topiramate for long-term weight management
(for example, 212 months?®). (The EMA, however, declined approval
for this combination medication.) Phentermine (monotherapy) is the
most widely used AOMinthe US and is frequently prescribed in clini-
cal practice for periods longer than 12 weeks?*, Patients without dia-
betes achieve average placebo-subtracted weight losses of 3.6-7.4 kg
after 12-28 weeks of treatment with phentermine (15.0-30.0 mg d™
(refs.19-23)).

‘Assessing BEhavioral Traits and Tracking Early Response to
Find Individualized Treatments’ (A BETTER FIT) was a single-center,
double-blinded, parallel-group design randomized controlled trial.
This proof-of-principle study tested whether augmenting intensive
BT with AOM (phentermine =15.0 mg) would improve 24-week weight
loss, as compared to BT with placebo, in participantsidentified as early
nonresponders to behavioral weight control. All participants com-
pleted aninitial 4-week BT run-in intervention delivered individually in
20-30-minweekly sessions (phase1). Participants who lost <2.0% of ini-
tialweight during the BT run-in were considered early nonresponders
andwererandomly assigned to an additional 24 weeks of (1) BT plus pla-
cebo (BT +P) or (2) BT plus AOM (BT + AOM; phentermine =15.0 mg d;
phase 2). Intensive BT was provided to both groups so that we could
compare this early step-up approach to the recommended standard of

>6 months of BT that participants would have received if early weight
loss had not been evaluated. Early responders who lost >2.0% during
the 4-week run-in continued to receive BT alone during phase 2 and
were not considered part of the randomized trial.

Results
Patient disposition
Phase 1: 4-week BT run-in. Between July 30, 2019, and November 15,
2021,942individuals were prescreened for eligibility by phone, 203 of
whomunderwentin-person screening. The 147 participants who passed
the screening and enrolled in the 4-week BT run-in were predominantly
female (87.1%,n =128); 80 (54.5%) self-identified as white, 57 (38.8%) as
Blackand 5(3.4%) as Asian; 7 (4.8%) identified as Hispanic. Participants
had a mean baseline age of 48.5 years (s.d. =12.4), weight 0of 104.6 kg
(s.d.=19.8) and BMI of 37.7 kg m 2 (s.d. = 6.4; Extended Data Table 1).
Figure 1shows the progression of participants through the study.
Sixteen participants did not enrollin phase 2, leaving 131 who did. Of
those, 76 (58.0%) were categorized as early nonresponders, losing
<2% of initial weight in phase 1, and 55 (42.0%) as early responders
(losing =22%). On average, early nonresponders lost 0.6% (s.d. =1.1)
of initial weight in phase 1, and early responders lost 3.1% (s.d. = 1.0,
P<0.001). Extended Data Fig. 1 shows individual participants’ phase
1weight losses.

Phase 2: 24-week randomized trial. Table 1 shows the 76 early non-
responders’ characteristics at the time of randomization (week 0) to
BT + P (n=38) or BT + AOM (n=38). Those assigned to BT + P had lost
0.9% during phase 1, compared with a 0.3% loss for those assigned to
BT + AOM.

Overall, 93.4% (71/76) of early nonresponders provided a weight
measurement at week 24 (Fig. 1). Weight was measured remotely using
digital scales provided by the study for 19 early nonresponders due to
a3-month suspension of in-person activities in response to the novel
coronavirus, coronavirus disease 2019 (COVID-19). Five of these indi-
viduals returned later to provide in-person measurements of weight
and vital signs. Vitals were missing for the 14 nonresponders (18.4%)
who completed only remote measures, and laboratory outcomes were
missing for all 19 (25.0%). These data were considered missing com-
pletely at random. An additional three early nonresponders elected
to complete the week-24 assessment remotely after our site reopened.
Thus, a total of eight (10.5%) nonresponders had missing vitals and
laboratory outcomes that were attributable to noncompletion of some
orall portions of the week-24 assessment for reasons unrelated to the
COVID-19 suspension. Most participants (16/22; 72.3%) who were miss-
ing week-24 vitals had provided those measurements during at least
one postrandomization BT visit.

Primary outcome

Fromrandomization (week 0) to week 24, early nonresponders assigned
to BT + AOM had asignificantly greater mean (ts.e.) percent reduction
inrandomization body weight of 5.9 + 0.7% (95% confidence interval
(CI)=4.4-7.2%) compared tothe 2.8 + 0.7% (95% Cl = 1.4-4.1%) reduction
inthose assigned to BT + P (estimated mean difference = 3.1+ 1.0%, 95%
Cl=1.1-5.1%; Table 2, Fig. 2a and Extended Data Fig. 2). We re-ran the
primary outcome models controlling for phase 1weight loss and results
were similar to those presented in the text (Supplementary Table1).

Secondary outcomes

From week O to week 24, 53.9% of BT + AOM participants lost >5% of
body weight compared to 25.3% of participants assigned to BT + P
(x*(1) = 6.32, P=0.012). The groups did not differ significantly in the
percentage that achieved a postrandomization loss >10% at week 24
(19.2% and 5.5%, respectively; x*(1) =3.11, P= 0.078). Table 2 shows
additional weight change outcomes and waterfall plots are included
in Extended Data Fig. 3.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-03556-3

| 942 participants were prescreened for eligibility |

675 were excluded for inclusion/exclusion criteria

64 did not schedule or come to a screening visit

| 203 underwent in

person screening |

23 were excluded prior to consent:
3 were not interested
13 did not meet inclusion criteria
1 had BMI <31 with no comorbidity
5 had recent weight loss

33 were excluded after consent:
4 were not interested
21 did not meet inclusion criteria
2 had recent weight loss
11 had uncontrolled hypertension (BP>140/90)

3 had uncontrolled hypertension (BP>140/90)

4 had other issues
1 had a recent medication change
3 recently participated in a Center weight loss program
3 were lost to follow-up

3 had abnormal lab values

5 had other issues
2 had a recent medication change
6 were lost to follow-up

147 enrolled in p

hase 1 (BT run-in) |

16 were not enrolled in Phase 2:
7 did not complete at least 3 BT sessions
5 could not complete a randomization visit

due to COVID-19
3 were lost to follow-up
1 declined randomization

I 131 enrolled in phase 2 |

!

!

(4-week weight loss <2%)

76 were early nonresponders

55 were early responders
(4-week weight loss > 2%)

Randomized trial

38 were assigned to
BT+P

38 were assigned to

All 55 were assigned to

BT+AOM BT alone

l

I l

36 had weight recorded at
the 24-week assessment
25 were measured
11 were self-report
28 provided vitals
25 provided a blood sample
2 were lost to follow-up

35 had weight recorded at
the 24-week assessment
24 were measured
11 were self-report
26 provided vitals
24 provided a blood sample
1 provided questionnaires only

54 had weight recorded at
the 24-week assessment
46 were measured
8 were self-report
47 provided vitals
43 provided a blood sample
1 was lost to follow-up

38 were included in analyses
38 wel

2 were lost to follow-up

55 were included in analyses
re included in analyses

Fig.1| CONSORT diagram showing participant flow through the study. Flow char
CONSORT, consolidated standards of reporting trials.

t describing participant recruitment and progression through the study.

BT + AOM participants had ameanincrease in systolic blood pres-
sure (BP) of 6.6 + 1.9 mm Hg from randomization to week 24, which was
significantly different fromthe 0.7 + 1.8 mm Hgreductioninthe BT + P
group (Table 3). Group differencesin diastolic BP and heart rate did not
reach statistical significance but followed a similar pattern. The groups
did not differ significantly in change from randomizationinany other
secondary endpoint (Table 3). Collapsing across the two groups, there
were significant improvements from randomization in triglycerides
and high-density lipoprotein (HDL) cholesterol.

Safety

Overall, 23 (60.5%) BT + AOM participants and 27 (71.1%) BT + P
participants reported at least one adverse event (AE), with no seri-
ous AEs during the trial. Events that appeared more frequently in
BT + AOM than BT + P were headache (18.4% versus 5.3%), dry mouth
(10.5% versus 0%) and difficulty in sleeping (7.9% versus 0%). A full

list of AEs affecting >5% of participants in either group can be found
in Extended Data Table 2. Treatment was not terminated nor was
phentermine/placebo downtitrated in any participant at the recom-
mendation of the study physician, and no AEs likely to be related to
study participation or medication usage resulted in treatment discon-
tinuation. Five BT + P participants and three BT + AOM participants
were off-drug for other reasons at the time of their last study contact
(Extended Data Table 2); all but one of these provided at least partial
outcome data at week 24.

Exploratory outcomes

There were no significant differences between the randomized groups
in any exploratory endpoint (Table 3). Collapsing across the two
groups, there were significant improvements from randomization in
weight-related quality of life (QOL), cognitive restraint, hunger and
physical activity level.
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Table 1| Characteristics at randomization (week O) of early
nonresponders to behavioral treatment by randomized
condition

Table 2 | Estimated mean percent reduction in body weight,
weight loss (kg) and change in BMI from randomization
(week 0) and from baseline of the run-in (week -4) in the
intention-to-treat population

Characteristics Early nonresponders BT+P BT+AOM
(all randomized; (n=38) (n=38) Variables BT+P BT+AOM Meandifference Cohen'sd Pvalue
n=76) (n=38) (n=38) (95% Cl)
Sex (female), n (%) 66 (86.8%) 30 (78.9%) 36 (94.7%) Change in weight (%)
Race, n (%) From -2.8407 -59+07 31+1.0(11-51) 072 0.003
R o o o randomization
White 38 (50.0%) 16 (42.1%) 22 (57.9%) (week 0)
Black 35(46:1%) 21(55.3%)  14(36.8%) Frombaseline -36:08 -61:08 25:11(03-47) 053 0023
Asian 2(2.6%) 0 (0%) 2(5.3%) (week -4)
Multiracial or other 1(1.3%) 1(2.6%) 0 (0%) Change in body weight (kg)
Ethnicity (Hispanic), n (%) 1(1.3%) 1(2.6%) 0 (0%) From -26+07 -57+07 31+1.0(11-50) 073 0.002
randomization
Age (years) 47.4+12.9 48.5+14.7 46.4+10.9 (week 0)
Weight (kg) 104.9+21.8 105.5+21.3 104.2+225 From baseline  -3.8t0.8 -6.2+0.8 25+11(0.2-4.7) 0.51 0.032
> (week -4)
BMI (kgm™) 37.8+6.8 37.9+6.4 37.8+7.2
3 Change in BMI (kgm™)
Phase 1 weight loss (kg) 0.6+1.2 0.9+1.0 0.3+1.2
- n From -10+02 -21+02 11x0.3(0.4-18) 074 0.002
Phase 1 weight loss (%) 0.6+11 0.9+0.9 0.3£11 EreEmE e
Systolic BP (mmHg) 1612115 116.9+101  15.4212.9 (week0)
Diastolic BP (mmHg) 70.8+8.6 70.9+8.6 70.8+87 (Fromkbaj)eline -1.3#0.3 -22+0.3 09:04(01-17) 052 0.028
week —
Heart rate (BPM) 72.3+9.4 736297 711290 Data are estimated as marginal means (zs.e.) for the intention-to-treat population (N=76)
Total cholesterol (mg d 193.5+38.9 187.5+422 199.6+34.8 derived from linear mixed models. Suggested interpretation for Cohen’s d—d<0.2,
minimal difference; d of 0.2-0.5, small difference; d of 0.5-0.8, medium difference; d>0.8,
HDL cholesterol (mgdl™) 53.5£12. 52,6121 54.4+12.3 large difference.
LDL cholesterol (mgdl™) 117.8+33.6 14.5+356 121.4+31.5
- - S
Triglycerides (mgdl) 1156596 1036:420 12794720 BT + AOM with BT + P in the subset of 50 participants (38.2% of the
Fasting glucose (mgdl™) ~ 93.41111 93590 933130 phase 2 sample) who lost <1.25% of baseline weight in phase 1. Postran-
Depressed mood (PHQ-9)  4.5+37 4.4+38 46+37 domization weight loss was 3.6 + 1.2 percentage points greater (95%
= - %)i = = i i
Impact of weighton QOL  68.0+18.3 6765184 6845185 Cl=1.2-6.1%) in BT + AOM (n=30) than BT + P (n=20) in this subsample
(P=0.004; Extended Data Table 5).
Eating inventory
Cognitive restraint 11736 11.2+3.8 12.3+3.4 Discussion
Disinhibition 8.6+3.5 81+3.8 91+21 The study’s principal finding was that the addition of the AOM,
hentermine of 15.0 mg d*, more than doubled the mean weight loss
Hunger 6.0+3.7 5.6+3.7 6.4+3.7 p g . . e e g e . . g .
at 24 weeks postrandomization in individuals receiving intensive BT
Physical activity 164.4+£135.9 159.7+1211  169.1+£150.8

(min per week)

Values are mean+s.d. Early nonresponders to behavioral treatment were defined as individuals
who lost <2% of their initial weight during a 4-week BT run-in (phase 1). Demographic
characteristics (sex, race, ethnicity and age) were collected at baseline (week -4). All other
values in the table were measured at randomization (week 0). The baseline (week -4) values are
reported in Extended Data Table 1. BPM, beats per min. PHQ-9, Patient Health Questionnaire-9.

Exploratory analyses revealed that early responders who received
BT alonelost 5.1+ 0.6% of their body weight from week 0 to week 24 of
phase 2 (the period of the randomized trial), which was significantly
more than early nonresponders assigned to BT + P (2.8%) but did not
differ significantly from the weight loss of nonresponders assigned to
BT + AOM (5.9%; Extended Data Table 3). A postrandomization loss at
week 24 of >5% was achieved by 46.5% of early responders and 14.7%
lost an additional 10% during that time (Extended Data Fig. 4). Total
weight loss as calculated from baseline of the BT run-in (week —4) was
4.4 £1.0 percentage points larger in early responders as compared to
BT + P (8.0% versus 3.6%); the difference of 1.9 + 1.0 percentage points
compared to BT + AOM did not reach statistical significance (8.0% ver-
sus 6.1%; Fig. 2b). Comparisons between the three groups insecondary
outcomes can be found in Extended Data Table 4.

Post hoc analyses
Because we had expected only 33-40% of the sample to be classified
asearly nonresponders, we conducted a post hoc analysis comparing

who had suboptimal weight loss in the first month of that treatment.
Overall, the postrandomization weight loss of early BT nonresponders
treated with phentermine was 3.1 percentage points higher than that
of placebo-treated nonresponders. Only 25.3% of early nonresponders
achieved aweight loss of >5% from randomization to week 24 with the
current standard of care of 6 months of intensive BT (with placebo),
whereas over half (53.9%) achieved this target when AOM was added.
The present results strongly support clinical guidelines that recom-
mend the addition of AOMs for patients who do not achieve clinically
meaningful weight loss with BT alone'”. They also suggest that AOMs
can be introduced early in treatment once lack of response to behav-
ioralintervention has been observed rather than waiting >6 months
to modify therapy.

The present study also established that astepped-care approach
canbenefit patients who are already receiving intensive BT. The results
demonstrated that individuals at risk of suboptimal response, as
defined by their loss of <2% of initial weight in the first 4 weeks, can
achieve a weight loss similar to that of early (strong) BT responders if
provided with adjunctive AOM at that time. Although not significantly
different, the postrandomization weight loss of early nonresponders
treated with AOM was slightly higher (0.8 percentage points) than that
of early responders and the two groups did not differ significantly in
total weight loss as measured from the start of the 4-week BT run-in
(6.1% and 8.0%, respectively). Onthe other hand, placebo-treated early
nonresponders lost less weight than early responders throughout
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Fig.2|Mean percent changes inbody weight as measured from randomization
(week 0) and from the baseline of the 4-week behavioral treatment run-

in (week -4).a, Mean (ts.e.) percent changes in body weight as measured

from randomization to week 24 in the 76 early nonresponders randomized

to BT + AOM (phentermine =15.0 mg d™) or BT plus placebo. b, Mean (zs.e.)
percent changes in body weight as measured from baseline of the 4-week BT
run-inin the 76 early nonresponders randomized to BT + AOM or BT + P, as well
aschangesin the 55 early responders who were not randomized. Weekly values
include participants who both completed the BT session and provided a weight
measurement. The body weights of all enrolled individuals were captured at

the assessments at weeks —4, 0 and 24. The uptick in measured weight at week

24 is likely attributable in whole or in part to the inclusion of individuals whose
weights were not consistently captured before week 24. Week 24 intention-to-
treat values were obtained from linear mixed model analyses. Modeled estimates
for all time points can be found in Extended Data Fig. 2.

both phases of the trial. A great majority of early BT nonresponders
(75%) did not achieve a clinically meaningful weight loss of >5% from
randomization with 24 more weeks of intensive BT (combined with
placebo). These outcomes question whether it is clinically appropriate
to continue to recommend =6 months of BT as the standard of care for
patients with obesity without also stipulating that early weight loss
should be evaluated and alternative treatments considered for those
with suboptimal early weight reduction.

The ability to establish recommendations for clinical practice
will be further enhanced by optimizing the timing and weight loss
thresholds used toidentify individualsin need of additional interven-
tion. The 2% threshold applied at week 4 in the present study classified

58% of participants as early nonresponders, whereas we expected that
33-40% would be so characterized®’. This may have been because the
format of the treatment (brief, individual sessions) differed from that
of previous studies of early weight loss thresholds’. It is also possible
thatsome randomized individuals were not at high risk of suboptimal
weight loss, given that 25% of placebo-treated participants did go on
tolose >5% of their randomization weight. Alower 4-week weight loss
threshold may have allowed us to more accurately classify such indi-
viduals. However, we did not find evidence that differences between
the randomized groups were driven by the inclusion of participants
with moderate early weight loss. Post hoc analyses showed that the
addition of AOM was also beneficial for the 38% of participants who
lost <1.25% during the BT run-in. Assessing weight loss progress at
more than one timepoint may better differentiate slow starters who
will later achieve aclinically meaningful weight loss from those who are
truly at risk. Multistage assessment also could provide the opportunity
to modify later treatment for the minority of early responders who do
not ultimately achieve a >5% reduction in body weight.

We also could not determine whether the structure and features
of the initial BT run-in influenced which patients lost weight early
in treatment. Consistent with other BT protocols modeled after the
Diabetes Prevention Program®* and Look AHEAD?, the first month of
the present program focused on initiating self-monitoring and making
self-selected dietary changes designed to produce a 500-750 kcal d™*
deficit. We do not know whether the population of early nonrespond-
ers selected would have differed if an alternative dietary strategy had
been recommended (for example, a less energy-restricted diet) or if
physical activity or other behavioral strategies had been more promi-
nently emphasized early in treatment. Thus, the generalizability of the
present findings may be limited to nonrespondersin BT programs with
similar early features.

Our study demonstrated that the AOM phentermine was an effec-
tive method ofimproving 24-week weight lossin early BT nonrespond-
ers. Further study, however, is needed to determine whether these
effects are maintained in the long-term and to establish the benefit
of other AOMs in this population. In particular, recommendations to
firstundergo a course of BT may need to be modified in the context of
newer AOMs (for example, semaglutide and tirzepatide) that produce
mean weight losses that are substantially greater than those of even
strong responders to BT?*?%, Additional methods for rapidly stepping
up care for nonresponders to intensive BT also should be evaluated,
including behavioral methods such as intensifying support, adding
psychological intervention strategies, modifying dietary targets, or
providing meal replacements. These strategies remainimportant even
inthe context of newer AOMs given that not all patients with obesity are
willing, eligible, or able to access pharmacotherapy or other medical
interventions (for example, metabolic-bariatric surgery®). Identify-
ing differences in treatment engagement and response other than
early weightloss that predict treatment outcomes might ultimately be
used to individualize the selection of an adjunctive intervention from
abroader list of strategies.

Consistent with the known safety profile of phentermine’®??,
headache, dry mouth and difficulty in sleeping were reported by a
minority of AOM-treated participants (8-18%) and occurred more
commonly than with placebo. The medication was generally well
tolerated. However, phentermine-treated participants experienced
larger-than-expected meanincreases from randomization in systolic
and diastolic BP of 6.6 and 4.9 mm Hg, respectively. Placebo-treated
participants experienced small reductions in systolic BP that differed
significantly fromthe increases observedinthe AOM group. Diastolic
BP increased from randomization in both treatment groups (as well
asin early responders), whereas we had expected a small decrease
withweightloss’. This overallincrease does not explain why the effect
was (nonsignificantly) larger with phentermine. Although uncon-
trolled hypertensionis a contraindication for phentermine use, most
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Table 3 | Estimated mean changes in secondary and exploratory outcome measures from randomization (week 0) and from
baseline of the run-in (week —-4) to week 24 in the intention-to-treat population

Variables BT+P(n=38) BT+AOM(n=38) Meandifference(95%Cl) Groupxtime Groupxtime TimeCohen'sd Time Pvalue
Cohen'sd Pvalue
Systolic BP (mmHg)
From randomization (week O) -0.7+1.8 6.6+1.9 7.3+2.6 (21t012.5) 0.65 0.007 - -
From baseline (week -4) -1.2+2.0 4.4+2.0 5.6+2.9(-0.1t0 11.3) 0.45 0.053 - -
Diastolic BP (mmHg)
From randomization (week O) 21+1.4 49+14 2.8+2.0(-1.2t0 6.8) 0.33 0.166 - -
From baseline (week -4) 1.6+15 4.4+15 2.8+21(-1.4t07.0) 0.30 0.195 - -
Heart rate (BPM)
From randomization (week O) 0.1+15 3.9+15 3.8+2.1(-0.3t07.9) 0.43 0.069 - -
From baseline (week -4) -0.3+1.6 27+16 3.0+2.2(-1.5t07.4) 0.32 0176 - -

Total cholesterol (mgdl™)

From randomization (week O) -0.9+45 -1.6+0.5 -0.7+6.3 (-11.5t0 10.1) 0.02 0.920 0.09 0.701

From baseline (week -4) 01+41 -8.4+4.0 -8.5+5.6 (-18.0 to 0.9) 0.36 0121 0.35 0.136
HDL cholesterol (mgdl™)

From randomization (week O) 3.3%+15 15+1.4 -1.8+1.9 (-4.8 10 1.3) 0.21 0.367 0.55 0.020

From baseline (week -4) 0.6+17 -1.2+1.6 -1.9+2.3(-5.6t0 1.9) 0.21 0.376 0.06 0.786

LDL cholesterol (mgdl™)

From randomization (week O) -2.2+3.8 0.3+4.6 2.5+6.5(-6.41t011.4) 0.10 0.683 0.08 0.730

From baseline (week -4) 1.4+35 -37+4.0 -5.1+5.8(-12.9t02.7) 0.21 0.373 on 0.623
Triglycerides (mgdl™)

From randomization (week O) -9.0+75 -16.0+7.2 -7.0+10.2 (-24.8 t0 10.8) 0.16 0.484 0.56 0.016

From baseline (week -4) -9.4+6.9 -21.3+6.9 -11.9+9.7 (-28.0to 4.1) 0.30 0.203 0.74 0.002

Fasting glucose (mgdl™)

From randomization (week 0) 1.0+1.8 -0.7+1.9 -17+2.5(-6.0t02.7) 0.16 0.504 0.03 0.898

From baseline (week -4) 1.8+1.9 -0.03+21 -1.9+2.7(-6.6 t0 2.8) 017 0.477 0.15 0.523
Depressed mood (PHQ-9)

From randomization (week O) -0.7+0.5 -0.7+0.5 -0.1+0.8 (-1.5t0 1.4) 0.02 0.924 0.45 0.054

From baseline (week -4) -1.0+0.7 -1.6+0.7 -0.6+1.0(-2.4t01.3) 0.14 0.543 0.64 0.006
Impact of weight on QOL

From randomization (week O) 76+2.2 9.8+2.2 2.2+3.0(-3.6t08.0) 017 0.458 1.37 <0.001

From baseline (week -4) 7123 10.2x2.3 31£3.2(-3.0t09.2) 0.23 0.319 1.29 <0.001

El cognitive restraint

From randomization (week O) 11+0.6 0.7+0.6 -0.5+0.9(-21t01.2) 0.13 0.575 0.48 0.039

From baseline (week -4) 25+07 4.2+07 1.7+1.0 (-01t0 3.5) 0.42 0.068 1.62 <0.001
El disinhibition

From randomization (week O) -0.4+05 -0.8+0.5 -0.4+0.7 (1.6 t0 0.4) 014 0.557 0.45 0.054

From baseline (week -4) -0.5+0.6 -1.3x0.6 -0.8+0.9 (-2.3t0 0.7) 0.23 0.316 0.51 0.030
El Hunger

From randomization (week 0) ~ -0.9+0.5 -1.8+0.5 -1.0+0.7 (-2.2t0 0.3) 0.33 04157 0.92 <0.001

From baseline (week -4) -0.6+0.5 -1.5+0.5 -0.8+0.7(-21t0 0.4) 0.30 0192 0.72 0.002
Physical activity (min per week)

From randomization (week 0) 29.9+34.0 91.9+34.9 61.9+47.8 (-251t0149.0)  0.31 0.186 0.58 0.013

From baseline (week —4) 50.0+354 112.2+35.6 62.3+49.3 (27110 151.6) 0.30 0.199 0.75 0.001

Data are estimated as marginal means (zs.e.) for the intention-to-treat population (n=76) derived from linear mixed models. For laboratory and questionnaire outcomes, multiple imputation
was applied before modeling and results represent pooled means and standard errors. Suggested interpretation for Cohen’s d—d <0.2, minimal difference; d of 0.2-0.5, small difference; d of
0.5-0.8, medium difference; d>0.8, large difference.
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studies have reported a decrease in BP during treatment” . In one of
the largest controlled trials, participants randomized to 28 weeks of
phentermine 15.0 mg d ' had reductions of 3.5 mm Hg in systolic BP
and 0.9 mm Hgindiastolic BP that did not differ from placebo-treated
participants®. Heart rate also appeared to increase with phentermine
in the present study, although the comparison to placebo did not
reach statistical significance. This finding is more consistent with
previous studies, which have reported mean increases of 1-2 beats
per min**?, The elevated BP readings in our study could be related
to our small sample size or to unexpected effects resulting from the
provision of a 4-week behavioral run-in before participants received
phentermine. Nonetheless, the BP and heart rate values both represent
potential safety concerns for which we recommend regular monitoring
in patients treated with phentermine.

The primary limitation of this study was the relatively small sam-
ple of randomized participants, which was not adequately powered
to detect group differences in outcomes other than percent reduc-
tion in body weight. Comparisons between the randomized groups
in changes in secondary outcomes measuring CVD risk, QOL and
depression, which tend toimprove more in patients with larger weight
losses®, did not reach statistical significance. Collapsing across groups,
participants experienced significantimprovements from randomiza-
tiontoweek 24 inHDL cholesterol, triglycerides and QOL. Exploratory
outcomes including cognitive restraint, disinhibition, hunger and
physical activity alsoimproved across the groups with no significant
group-by-time effects. It will be important to conduct a longer-term
follow-up study that is fully powered to evaluate between-group dif-
ferences. For example, the numerically greater increase in physical
activity after randomizationin the AOM group as compared to placebo
did not reach statistical significance in this sample. However, this
preliminary signal is worthy of follow-up in a larger study that could
also evaluate whether the increase in physical activity contributed
to additional weight loss in the AOM group or alternatively was a
consequence of the greater weight loss achieved with the addition
of phentermine.

The present study also could not determine whether the provision
of ongoing BT to the early nonresponders was clinically useful after the
AOMwasinitiated. Although studies suggest that the effects of BT and
some AOMs are additive in the general population'®”, weight loss with
the combination of BT and AOM has not been compared to therapy with
AOM aloneinan early nonresponder population, in which the benefit of
ongoing BT isexpected to be small. Giventhat BT isaresource-intensive
treatment, afollow-up study thatincludes treatment arms that provide
early BT nonresponders with AOM/placebo with no or minimal ongo-
ing BT would help to identify the most cost-effective standard of care
for these patients.

Our study’s strengths included the use of an innovative 4-week
run-in program to identify BT nonresponders, followed by randomi-
zation to treatment. The trial also had high retention that resulted, in
part, from efforts to mitigate the untoward effects of COVID-19 on both
treatment delivery and the completion of in-person outcome meas-
urements. We minimized the impact on the study’s primary outcome
by using a uniform body-weight scale and self-weighing procedure.
Self-reported weights were evenly distributed between randomized
groups and our analyses suggested that the impact of remote meas-
urement on weight loss outcomes was likely to be minimal. However,
the suspension of in-person activities resulted inan additional 18-25%
of participants not providing vitals and laboratory data, which may
have further limited our ability to detect between-group differences
inthose outcomes.

In conclusion, the present study found that for individuals who
had suboptimal weight loss with four initial weeks of BT, ‘stepping
up’ treatment by adding an AOM (phentermine) to continued BT
significantly increased 24-week weight loss as compared to 24 more
weeks of intensive BT alone (plus placebo), the current standard of

care for weight management. Safety signals suggested that BP and
heart rate should be monitored regularly in phentermine-treated
participants.

Online content
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maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
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Methods

Study design

‘ABETTER FIT’ (ClinicalTrials.gov registration: NCT03779048) was
a single-center, double-blinded, parallel-group design randomized
controlled trial, conducted at the University of Pennsylvania, whose
institutional review board approved the study protocol (available
at https://doi.org/10.21203/rs.3.pex-2526/v1). The trial was super-
vised by anindependent data monitoring and safety committee. This
proof-of-principle study had two phases. Phase 1 was a4-week, nonran-
domized BT run-in used to identify early nonresponders to BT. Phase
2 was the randomized trial in which those early nonresponders were
then assigned to 24 more weeks of BT combined with either placebo
or the AOM phentermine15.0 mgd™.

Participants

Individuals were eligible for phase 1if they were aged 18-70 years and
had a BMI > 31 kg m? (or >28 kg m™ with an obesity-related comor-
bidity). These BMI criteria were selected so that participants would
still have a BMI appropriate for initiating AOM if they lost up to 2.0%
of their weight during the BT run-in. Exclusion criteria included type
1or type 2 diabetes or fasting blood glucose >126 mg dI™* (upon sec-
ond assessment); hyperthyroidism; other uncontrolled thyroid dis-
ease; narrow-angle glaucoma; use of monoamine oxidase inhibitors
or serotonin-norepinephrine reuptake inhibitors; renal, hepatic or
recent CVD; BP 2140/90 mm Hg; medications that substantially affect
body weight (for example, corticosteroids); substance abuse; current
severe major depression, current suicidalideation or history of suicide
attempts within 5 years; bariatric surgery; use of weight loss medica-
tions or products; weightloss >5% in the past 6 months and pregnancy/
lactation. Other chronic medications were permitted, provided they
had been dose-stable for >3 months.

Procedures

Participants were recruited between]July 2019 and November 2021 via
printand social mediaadvertisements. Applicants completed aninitial
phone screening, and those who appeared eligible then completed
a screening visit with a psychologist (J.S.T.), who obtained written
informed consent and assessed applicants’ behavioral and psychologi-
cal eligibility. Individuals who passed this screening next met with a
nurse practitioner who completed a medical history, physical exami-
nation, electrocardiogram, fasting blood draw and urine pregnancy
test (for females of child-bearing age) to determine final eligibility.

Phase I: BT run-in. Phase 1 (week —4 to week 0) was a4-week, nonrand-
omized intervention used to identify early nonresponders to BT. Partici-
pants attended four weekly,20-30 minindividual weight loss sessions
led by a psychologist, psychology postdoctoral fellows or upper-level
predoctoral trainees. All interventionists had previous experience
delivering BT and were trained and supervised by).S.T.and T.AW. The
treatment protocol was modeled after the Diabetes Prevention Pro-
gramand Look AHEAD, adapted for briefindividual session delivery®.
During phase 1, participants were instructed to initiate self-monitoring
and to consume aself-selected diet of 1200-1500 kcal d* for those who
weighed <113 kg or 1500-1800 kcal d* for those who weighed >113 kg.

Randomization. Tobeeligible for phase 2, participants had toattend at
least three of four BT run-in sessions (including makeup visits) and com-
pletearandomization assessment at week 0. At that assessment, early
nonresponders—who lost <2.0% of baseline weight—were randomly
assigned1:1to the AOM phentermine (15 mg d™) or placebo in permuted
blocks of 2-4 participants viarandom number tables. Randomization
was performed by Penn’s Investigational Drug Services, which provided
the study medicationsinblinded capsules. All participants, including
earlyresponders who were not eligible for randomization, were offered
BT for 24 additional weeks.

The selection of a 2.0% weight loss to define early treatment
response was based on a study that evaluated the accuracy of differ-
ent early weight loss thresholds at 1and 2 months in predicting 1-year
weight loss in participants in the Look AHEAD study who received
intensive BT°. These findings indicated that a 2.0% cutoffyielded the
highest specificity (78%), or lowest false positive rate (22%), in predict-
ingachievement of a>5%loss at1year (that is, only 22% of individuals
who had aweight loss <2.0% at1 month had a>5% loss at1year), which
matched our goal of selecting participants at highest risk of not achiev-
ing a clinically meaningful weight loss with BT alone’. A threshold of
3.0% at month 2 had marginally higher specificity, but the potential
costs—bothinterms of resources for extending the initial BT treatment
and the risk that more participants who were dissatisfied with their
weight loss progress might drop out if randomization was delayed—
were thought to outweigh the marginalimprovementin our ability to
identify high-risk patients.

Phase 2: randomized trial. In phase 2, all participants continued to
attend individual, 20-30 min BT sessions weekly for 12 weeks, then
every other week until week 24 (a total of 18 sessions). They were
instructed to continue following their calorie goal and to self-monitor
their food intake, physical activity and weight. Participants were
instructed to engage in low-to-moderate intensity physical activity (for
example, walking), gradually building to a goal of 2180 min per week.
They were provided a curriculum on behavioral weight control that
included stimulus control, goal-setting, problem-solving, cognitive
restructuring and relapse prevention®. By matching our BT treatment
protocol and program duration to the recommendations of current
guidelines for the treatment of obesity"?, we sought to be able to com-
parethe standard of care that these participants would otherwise have
received (with placebo) to a new, rapid step-up approach.

Early nonresponders were assigned to take study medication
(phentermine or placebo), beginning at randomization and received a
30-day supply onsix occasions. Phentermine was provided as 8.0 mg d™*
for the first 2 weeks to facilitate its acceptance. The dose was then
increased at week 2-15mg d ! (or further placebo). Phentermine
(or placebo) could be downtitrated to 8.0 mg d* or terminated in
individualswho reported that they could not tolerate the medication.
The FDA did not require an Investigational New Drug application to use
phentermine for 24 weeks in the present study.

No additional treatment was provided after week 24. All partici-
pantsreceived counselingin their final sessions thatincluded resources
for ongoing weight loss, including an overview of phentermine and
other AOMs. Participants were offered a letter that summarized the
study treatment they had received, which could be used to discuss
treatment options with other health professionals.

Outcomes

Outcome assessments were completed at baseline (week —4), randomi-
zation (week 0) and week 24. Participants received $75 for completing
thefinal assessment. Participants’ demographicinformation, including
their age, sex assigned at birth, race and ethnicity was collected via
a self-report questionnaire at baseline. For all categorical classifiers
(forexample, race), alist of terms was provided by the researchers, but
participants could select to write in a different response. Participants
could select one or more categories or could decline to respond.

The randomized trial’s primary outcome was the percentage
changeininitial body weight as measured from randomization (week
0) to week 24. Weight was measured to the nearest 0.1 kg by trained
staff using a digital scale (Tanita, BWB800) with participants dressed
inlight clothing, without shoes. Body weight and vital signs were also
measured at all in-person BT visits using this method. Two measure-
ments were taken on all occasions.

Secondary endpoints included the portion of nonresponders
who achieved a postrandomization loss of >5% and >10% of body
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weight, as measured from randomization to week 24, as well as
24-week changes in resting BP, pulse, fasting glucose, triglycerides,
lipids, QOL and mood. The Impact of Weight on Quality of Life-Lite*
and Patient Health Questionnaire-9 (ref. 31) were used to assess the
latter two outcomes. Exploratory endpointsincluded changesin cog-
nitive restraint, disinhibition and hunger as measured by the Eating
Inventory®® and in physical activity minutes per week, assessed by the
Paffenbarger Physical Activity Survey®. Anadditional exploratory aim
was to compare the randomized groups to the nonrandomized early
respondersin percent weight loss from randomization. Monitoring
for AEswas conducted through systematic queries at the assessments.
Participants were also instructed to report any changes in health to
study personnel at any clinic or BT visit. Medical personnel followed
up on reported AEs to assess the severity and possible relatedness
to the study.

Impact of COVID-19

From March 16 to June 8, 2020, in-person activities were suspended
for nonessential clinical trials in response to the novel coronavirus,
COVID-19. At that time, 47 participants were actively enrolled in the
trial. All BT sessions were offered remotely via secure videoconferenc-
ing (or phone) thereafter, consistent with the study’s original protocol
for makeup visits and subsequently adopted as the primary delivery
method. Thefive participants who were enrolledin phase1onMarch 16
could not complete arandomization visit and therefore were ineligible
for phase 2. Participants completing treatment were shipped digital
scales (EatSmart, ESBS-01) and instructed to measure body weight for
their remote 24-week assessment using a uniform procedure.

There were no significant differences in the postrandomiza-
tion weight losses of patients with self-report versus measured
weights (Cohen’s d = 0.10). Mean weight was 0.21 kg (s.d. =0.24,
median = 0.15 kg, interquartile range = -0.37 to 0.002) lower with
home-measured weights in a subset of participants who were asked
to self-weigh using the assessment procedure before their in-person
assessment. We conducted a sensitivity analysis using pattern mixture
models** in which measurement source (measured, self-report or miss-
ing) was included in the mixed model. Results were similar to those
reported in the text (Supplementary Table 2).

A priori power calculation

We predicted that the BT + AOM group would lose 4.5% more of
body weight than the BT + P group from randomization to week 24,
with expected s.d. of 5.5% in both groups (effect size, d = 0.82 (ref.
20)). Assuming a 20% attrition rate, a randomized sample of 50 non-
responders (25 per group) was expected to provide 81.5% power to
detectbetween-group differences at week 24 in the primary outcome
(two-tailed a level = 0.05). We anticipated that at least 33% of phase 1
participants would be categorized as early nonresponders®”. Therefore
we plannedto enroll 150 participantsin phase1to achieve arandomized
sample of >50 early nonresponders.

Statistical analyses

Analyses were conducted in SPSS Statistics v.28.0.1.1. Mean percent-
age reductions in initial weight in the intention-to-treat population
were compared using mixed-effects models, which estimate missing
data via residual maximum likelihood. Treatment group was entered
as a between-subjects factor and time (week) was a within-subjects
factor. The model’s shape (quadratic) and variance-covariance struc-
ture (unstructured) were selected based on the -2 log likelihood and
Akaike’sinformation criterion. The group x timeinteraction was used to
test differencesin weight change from randomization to week 24 (pri-
mary endpoint) at atwo-tailed alevel of 0.05 and least squared means
were compared to interpret significant effects. Similar mixed-effects
models were fit to compare changes in BP and heart rate. Sensitiv-
ity analyses including baseline demographic covariates (age, race,

sex and starting weight) and completer analyses yielded similar results
(Supplementary Tables 3 and 4).

In mixed-effects analyses with only two time points, individuals
with missing data do not contribute to slope estimation, resulting
in a completer analysis. Thus for laboratory and questionnaire data,
whichwereonly collected at the assessments, we first applied multiple
imputations using chained equations with predictive mean matchingto
estimate missing values. Twenty iterations were determined to be suf-
ficient based on the fraction of missing data®. The above demographic
characteristics, treatment condition, percent weight loss from base-
line of the run-in (week —4) to randomization and postrandomization
weight loss were included as predictors in the imputation model and
anoutcome’s values at baseline, randomization and week 24 were both
predictors and outcomes of theimputation. Mixed-effects models were
thenapplied, and results were pooled using Rubin’s rules®. For second-
aryandexploratory outcomes for which there was no significant group
x time interaction (that is, indicating that the randomized groups did
not differ significantly in change over time), the main effect of time,
collapsing across groups, was evaluated.

Multiply imputed end-of-treatment weights also were used to
calculate whether participants with missing data achieved a postran-
domization loss >5% and >10% of initial weight at week 24. Treatment
groups were compared onthese categorical outcomes using chi-square
tests, and results were pooled using R (v.4.2.2) package miceadds™.
Because the study was not powered to detect differences in second-
ary endpoints, no a correction was used and these results should be
interpreted with caution.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

De-identified participant dataused inthe present analyses willbe made
available to investigators for research purposes after release of this
publication. Datawill be provided following the review and approval of
aresearch proposal (including a statistical analysis plan) by the corre-
sponding author and atleast one other doctoral-level researcher at the
University of Pennsylvania. Theinitial review will be completed within
3 months of receipt of the proposal. Completion of a data-sharing
agreement through the Office of Human Research at the University
of Pennsylvaniawill thenbe required before the data can be accessed.
Because of privacy restrictions included in theinformed consent of the
participants, data cannot be made freely available in a public reposi-
tory. Datarequest should be addressed to the corresponding author.

Code availability

Most analyses were conducted in SPSS Statistics v.28.0.1.1using stand-
ard syntax. Comparisons of multiply imputed categorical outcomes
were pooled using R (v.4.2.2) package miceadds, which is publicly
available (https://www.rproject.org/). No custom code was generated
for the present analyses.
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Weight Change During the 4-week BT Run-in
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Extended Data Fig. 1| Waterfall plot showing percent change in baseline body
weight during the 4-week behavioral treatment run-in (week -4 to week 0) for
each of the 131 participants who later enrolled in phase 2. Each bar represents
the percent weight change of an individual participant from baseline (week -4) to
the end of the behavioral treatment (BT) run-in (week 0). A total of 76 participants
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were categorized as early nonresponders who lost <2.0% of initial weight during
the BT run-in, and 55 participants were categorized as early responders who lost
>2%. The early nonresponders were then randomized to BT plus placebo or BT
plus anti-obesity medication at week 0.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-03556-3

~—#—BT+AOM BT+Placebo Early Responders
[ Randomization
=
14 o
- ¢
SR T
= N T I
20 T
£ 3 S L1 ] ] 28
> 4-week I 1 1 J J
E BT run-in I~o7 J l
£ 41 -] T
& 1 T
s el T T
S 51 | 5.1
6 1 -5.9
7 L . L \ : . \ . . .
4 2 0 2 4 6 8§ 10 12 14 16 18 20 22 24
Time (Weeks)
B. 0

Change in Body Weight (%)
A

-5
6
-7 4 'l'
8 4 : L I T T I 8.0
o l J 1 -8.
9 L L n 1 . L L n 1 . . L n .

4 2 0 2 4 6 8 10 12 14 16 18 20 22 24

Time (Weeks)

Extended Data Fig. 2 | Estimated mean percent changes inbody weight from
randomization (week 0) and from baseline of the 4-week behavioral treatment
run-in (week -4) to week 24. a, Mean (ts.e.) percent changes in body weight

as measured from randomization to week 24 in the 76 early nonresponders
randomized to behavioral treatment (BT) plus anti-obesity medication

(AOM, phentermine =15.0 mg d™*) or BT plus placebo, as well as changes in the
55 early responders who were not randomized. b, Mean (+s.e.) percent changes
inbody weight as measured from baseline of the 4-week BT run-in in these same
groups. Weight change values were estimated from linear mixed models.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-03556-3

A. Early Non-Responders Randomized to BT + Placebo
o -

-10

Percent Weight Change from Randomization to Week 24
-15

-20
L

o - -
©

B. Early Non-Responders Randomized to BT + AOM

-10

-15

Percent Weight Change from Randomization to Week 24

-20

o ““““““n.. i

C. All Early Non-Responders Randomized to Treatment

-10

-15

Percent Weight Change from Randomization to Week 24

o
8 -

Extended Data Fig. 3 | Waterfall plots showing percent change inbody weight
from randomization (week 0) to week 24 in each early nonresponder.

Each bar represents the percent change in body weight of an individual
participant from randomization (week O) to week 24. a, The 24-week percent
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changes in body weight for early nonresponders who were randomized to
behavioral treatment (BT) plus placebo. b, The 24-week percent changes in body
weight for early nonresponders randomized to BT plus anti-obesity medication
(AOM, phentermine =15.0 mg d™). ¢, Both groups combined.
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Early Responders (Not Randomized)
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Extended Data Fig. 4| Waterfall plot showing percent change in body weight
from the end of the behavioral treatment run-in (week 0) to week 24 in each

early responder. Each bar represents the percent change in body weight from
week 0 to week 24 of an individual participant who was categorized as an early

responder after losing >2% of initial weight during the behavioral treatment (BT)
run-in. These early responders were not enrolled in the randomized trial and
continued to receive intensive BT alone during this 24-week period.
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Extended Data Table 1| Participant characteristics at baseline of the 4-week BT run-in (week -4)

Characteristic Total Early Non- Early
(N =147)* Responders Responders
(N=76) (N = 55)
Sex (female), n(%) 128 (87.1%) 66 (86.8%) 49 (89.1%)
Race, n(%)
White 80 (54.4%) 38 (50.0%) 35 (63.6%)
Black 57 (38.8%) 35 (46.1%) 14 (25.5%)
Asian 5(3.4%) 2 (2.6%) 3(5.5%)
Multiracial or other 5(3.4%) 1(1.3%) 3(5.5%)
Ethnicity (Hispanic), n(%) 7 (4.8%) 1(1.3%) 4(7.3%)
Age (years) 48.5+12.4 47.4+£12.9 50.5+12.1
Weight (kg) 104.6 £ 19.8 105.5+21.8 100.5+ 15.5
Height (cm) 166.4 + 8.1 166.3 £ 9.3 166.6 + 6.3
BMI (kg/m?) 37.7+6.4 38.1+6.7 36.1+4.6
Waist circumference (cm) 113.9+13.2 1145+ 14.6 110.8+9.8
Systolic BP (mm Hg) 120.3+10.4 119.2+ 10.0 1209+ 11.3
Diastolic BP (mm Hg) 71.7+7.6 72183 70.6+6.8
Heart rate (BPM) 747+9.8 74994 735 £9.7
Total cholesterol (mg/dL) 197.4 £ 39.0 196.3 + 38.4 199.0 + 39.1
HDL cholesterol (mg/dL) 56.2 + 14.7 56.6 +15.3 55.7+13.7
LDL cholesterol (mg/dL) 118.4 +33.1 117.1+£ 318 120.5+32.5
Triglycerides (mg/dL) 119.0 £ 59.5 118.2+57.8 120.0 £ 63.7
Fasting glucose (mg/dL) 92.6+10.1 92.6+10.3 919 +9.6
Depressed mood (PHQ-9) 4.9+37 51+3.9 4427
Impact of Weight on QOL 67.0+17.7 68.0+ 18.7 68.0+15.4
Eating Inventory
Cognitive restraint 9.1+£37 9.2+3.5 9.0+£3.9
Disinhibition 89+33 8.8+3.6 92+29
Hunger 6.0+34 56+3.1 64 +35
Physical activity (minutes per week) 154.2 + 160.6 144.8 + 152.2 160.8 + 161.3

Values are n(%) or means+s.d. Early nonresponders are individuals who went on to lose <2% of baseline weight during the 4-week BT run-in, and early responders are those who lost >2%.
*Five individuals were removed from the study in Phase 1 because they could not complete a randomization visit due to the suspension of in-person activities early in the COVID-19 pandemic.
An additional 11 participants enrolled in phase 1 but were not included in phase 2 (3 did not complete a randomization visit because they were lost to follow-up, seven did not complete at
least three treatment sessions in phase 1, and one declined randomization). BT, behavioral treatment; BP, blood pressure; BPM, beats per min; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; PHQ-9, Patient Health Questionnaire-9; QOL, quality of life.
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Extended Data Table 2 | Adverse events with an incidence of 5% or more of participants in either randomized group

Event BT + Placebo BT + AOM
(N=38) (N=38)
N (%) Events, N N (%) Events, N
All adverse events 27 (71.1%) 76 23 (60.5%) 68
Adverse events 25% in any 21 (55.3%) 41 19 (50.0%) 41
treatment group
Upper respiratory infection 13 (34.2%) 16 4 (10.5%) 4
Headache 2(5.3%) 2 7 (18.4%) 7
Musculoskeletal injury 4 (10.5%) 4 4 (10.5%) 4
Constipation 3(7.9%) 3 3 (7.9%) 4
Sinusitis 4 (10.5%) 4 2 (5.3%) 2
Dry mouth 0 (0%) 0 4 (10.5%) 6
COVID-19 infection 2(5.3%) 2 2 (5.3%) 2
Anxiety 2 (5.3%) 2 2 (5.3%) 2
Difficulty sleeping 0(0%) 0 3 (7.9%) 3
Ear infection 2(5.3%) 2 1(2.6%) 1
Reaction to COVID-19 vaccine 2(5.3%) 2 1(2.6%) 2
Urinary tract infection 0(0%) 0 2 (5.3%) 2
Nausea 0 (0%) 0 2 (5.3%) 2
Abdominal pain 2(5.3%) 2 0 (0%) 0
Vomiting 2 (5.3%) 2 0 (0%) 0
Discontinued study medication® | 5 (13.2%) - 3 (7.9%) -

Events are reported from most to least frequent. No serious adverse events were reported during the study period. Experiencing an AE was not associated with likelihood of achieving a >5%
loss from randomization in phentermine-treated participants. °One of these individuals was later lost to follow-up, the remainder completed at least some portions of the week-24 assessment.
Reasons for discontinuation were: four participants (two placebo and two phentermine) elected to pause or discontinue following an adverse event unlikely or definitely unrelated to their
participation; three (one placebo and two phentermine) stopped attending all treatments due to perceived lack of efficacy; one phentermine-treated participant ran out of medication before
the final assessment due to a missed refill visit. No participants were terminated or downtitrated at the recommendation of the study team. BT, behavioral treatment; AOM, anti-obesity
medication; COVID-19, coronavirus disease of 2019.
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Extended Data Table 3 | Estimated mean percent reduction in body weight, weight loss (kg) and change in body mass
index from randomization (week 0) and from baseline (week -4) to week 24 in the intention-to-treat population including
comparisons with early responders who were not randomized to a medication condition

Variable Early Non-Responders Early
Responders Mean Difference (95% Cl); p value
BT +
Placebo BT + AOM BT Alone Placebo vs. Early AOM vs. Early
(N=38) (N=38) (N =55) Placebo vs. AOM Responders Responders
Change in weight (%)
From randomization (week 0) -2.8+0.7 -5.8+0.7 -5.1+0.6 31+1.1(1.0t05.2) 23+1.0(04t04.2) -08%1.0(-2.7t01.1)
p = 0.004 p=0.02 p=042
From baseline (week -4) -3.6+0.8 -6.1+0.8 -8.0+0.7 25+1.1(0.3t04.7) 44+1.0(2.3t064) 1.9+1.0(-0.2t0 3.9)
p=0.03 p <0.001 p=0.07
Change in body weight (kg)
From randomization (week 0) -26+0.7 -5.7+0.7 4606 3.1+1.0(1.1t05.0) 20+09(0.2t03.8) -1.1+09(-2.91t00.7)
p=0.003 p=0.03 p=0.24
From baseline (week -4) -3.8+0.8 -6.2+0.8 -7.8+0.7 25+1.1(0.2t04.7) 40+1.0(2.0t06.1) 16+1.0(-0.5t03.6)
p=0.03 p <0.001 p=0.13
Change in body mass index
From randomization (week 0) -1.0+£0.26 -2.1+0.3 -1.7+0.2 1.1+£0.4 (0.4t0 1.8) 0.7+03(0.1t014) -04+0.3(-1.0t00.3)
p=0.003 p=0.03 p=0.36
From baseline (week -4) -1.3+0.3 -22+0.3 -2.8+0.2 0.9+04(0.1t01.7) 1.5+0.4(0.7t02.2) 0.6+0.4(-0.2t0 1.3)
p=0.03 p <0.001 p=0.12

Data are estimated marginal means (zs.e.) for the intention-to-treat population (n=131) derived from linear mixed models (two-sided a=0.05). BT, behavioral treatment; AOM, anti-obesity

medication (phentermine=15.0mgd™).
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Extended Data Table 4 | Estimated mean changes in secondary and exploratory outcome measures from randomization
(week 0) and from baseline (week -4) to week 24 in the intention-to-treat population including comparisons with early
responders who were not randomized to a medication condition

Variable

Early Non-Responders

Early Responders

Mean Difference (95% Cl)

BT + Placebo BT + AOM BT Alone Placebo vs. Early AOM vs. Early
(N=38) (N=38) (N =55) Placebo vs. AOM Responders Responders

Systolic BP (mm Hg)

From randomization (week 0) -0.7+1.9 66+1.9 23+16 7.3+27 (20t0 12.6) 3.0+25(-1.9t07.9) -4.3+27(-9.2100.6)

From baseline (week -4) 1221 44+2.1 4217 56+2.9(-0.2t0 11.4) 2.9+27(-821023) -8.6+2.7 (-13.9 10 3.3)
Diastolic BP (mm Hg)

From randomization (week 0) 1 491 331 28+1.8(-1.0t06.6) 12+18(-22t04.7) -1.6+1.8(-5.1t01.9)

From baseline (week -4) 1 44+1 0.6+1.2 2.8+2.1(-1.3106.8) 1.0£1.9(4.7t027) -3.8+£1.9(-7.5t0-0.1)
Heart rate (BPM)

From randomization (week 0) 0.1+1.3 39+14 0.7+1.1 3.8+1.8(0.04t07.7) 0.7+1.8(-2.8t04.1) -3.2+1.8(-6.7 t0 0.3)

From baseline (week -4) -0.3+1.5 27+15 -09+1.2 3.0£21(-1.1t07.1) -0.6 £ 1.9 (-4.3t0 3.1) -3.6+1.9(-7.3t00.2)
Total cholesterol (mg/dL)

From baseline (week -4) 0.1+4.5 -84+43 -42+36 -8.5+6.2(-19.1t02.1) -4.3+5.8(-14.0t0 5.5) 42+56(-5.51013.9)
HDL cholesterol (mg/dL)

From baseline (week -4) 06+1.7 -1.2+1.6 26+13 -1.9+2.3(-5.6t0 1.8) 1.9+2.0(-1.4t05.3) 3.8+21(04t07.2)
LDL cholesterol (mg/dL)

From baseline (week -4) 14+39 -3.7+43 -49+33 -5.1+6.2(-13.9t0 3.8) -6.3+5.0 (-14.4t0 1.8) -1.2+5.3(-9.4 10 6.9)
Triglycerides (mg/dL)

From baseline (week -4) -94+76 -21.3+75 -16.2+6.5 -11.9+ 10.6 (-30.0 to 6.1) -6.7+10.0 (-23.3t09.8) 5.2+9.6 (-11.4t0 21.7)
Fasting glucose (mg/dL)

From baseline (week -4) 1.8+2.1 -0.01+2.3 2018 -1.8+3.0(-7.1t0 3.4) -3.9+28(-8.7 t0 1.0) -20+29(-6.91t02.8)
Depressed mood (PHQ-9)

From randomization (week 0) -0.7+0.5 -0.7+0.5 1.1+04 -0.1+0.7 (-14t0 1.3) 1.8+0.7 (0.5 t0 3.0) 1.8+0.7 (0.6 to 3.1)

From baseline (week -4) -1.0+0.7 -1.6+0.7 0.1+0.5 -0.6+0.9(-2.3t01.2) 1.2+0.8(-0.4t0 2.8) 1.7+ 0.8 (0.1t0 3.3)
Impact of Weight on QOL

From randomization (week 0) 76+20 9.8+2.0 77+16 22+28(-3.2t07.6) 0.1+26(-4.9t05.1) -21+26(-7.1102.9)

From baseline (week -4) 71+22 10.2+2.1 11.7+£1.7 3.1+3.0(-2.6t0 8.8) 46+28(-0.6t07.6) 1.5+27(-3.7t06.8)
El Cognitive restraint

From randomization (week 0) 1.1+06 0.7+0.6 1.1+05 -05+0.9(-2.0to0 1.1) -0.1+0.8 (-1.5t0 1.4) 04+08(-1.0t0 1.8)

From baseline (week -4) 25+07 42+07 44+06 1.7+1.0(0to 3.5) 1.9+0.9 (0.3t0 3.5) 02+09(-1.4t01.8)
El Disinhibition

From randomization (week 0) -04+05 -0.8+0.5 -09+0.4 -04+0.8(-1.7t00.9) -0.4+0.7 (-1.6 t0 0.8) -0.02+0.7 (-1.2t0 1.2)

From baseline (week -4) -0.5+0.6 -1.3+0.6 -15+05 -0.8+0.8(-2.3t00.7) -1.0+0.8 (-2.4t0 0.4) -0.2+0.7 (-1.5t0 1.2)
El Hunger

From randomization (week 0) -0.9+0.5 -1.8+0.5 -1.2+04 -1.0+0.7 (2210 0.3) -0.3+0.6 (-1.4 t0 0.9) 0.7+0.6 (-0.5t0 1.8)

From baseline (week -4) -06+0.5 -1.5+0.5 -1.6+04 -0.8+0.7(-2.1t00.4) -0.9+0.7 (-2.11t0 0.2) -0.1+0.6 (-1.3t0 1.1)
Physical activity (minutes per
week)

From randomization (week 0) 29.8+35.8 91.8 £36.5 54.4 +28.0 61.9 +£50.2 (-29.7 to 153.6) 24.6 + 45.0 (-59.6 to 108.7) -37.4 + 45.7 (-121.5 to 46.8)

From baseline (week -4) 50.0 £ 35.0 112.2+35.2 90.7 £26.8 62.2 +48.7 (-25.4 t0 149.8) 40.8 +43.6 (-39.7 to 121.2) -21.4 £ 43.9 (-101.8 to 59.0)

Data are estimated marginal means (zs.e.) for the intention-to-treat population (n=131) derived from linear mixed models (two-sided a=0.05). Early responders were not asked to provide a
blood sample for laboratory data at week O. BT, behavioral treatment; AOM, anti-obesity medication (phentermine=15.0mgd™); BP, blood pressure; BPM, beats per min; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; PHQ-9, Patient Health Questionnaire-9; QOL, quality of life; El, eating inventory.
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Extended Data Table 5 | Estimated mean percent reduction in body weight, weight loss (kg) and change in body mass index
from randomization (week 0) and from baseline (week -4) in participants who lost <1.25% of initial weight during the 4-week
BT run-in

Variable BT + BT + AOM Mean Difference Cohen’s P
Placebo (N =30) (95% CI) d value
(N = 20)

Change in weight (%)
From randomization (week 0) -2.1+0.9 -57+0.8 3.6+1.2(1.2t06.1) 0.69 0.004
From baseline (week -4) 24+10 -57+08 3.3+1.3(0.6106.0) 0.57 0.017
Change in body weight (kg)
From randomization (week 0) -2.0+0.9 -55+0.7 35+1.2(1.2t05.8) 0.71 0.004

From baseline (week -4) 25+11 5709 3.2+14(0.5t86.0) 0.56 0.021
Change in body mass index
(kg/m?)
From randomization (week 0) -0.8+0.3 -2.0+0.3 1.3+04(041to02.1) 0.70 0.004
From baseline (week -4) -09+04 -21+x03 1.2+05(02t02.2) 0.55 0.022

Data are estimated marginal means (zs.e.) for the intention-to-treat population for the subsample of participants who lost <1.25% of initial weight during the BT run-in (n=50), derived from
linear mixed models (two-sided a=0.05). BT, behavioral treatment; AOM, anti-obesity medication (phentermine=15.0mgd™).
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Research sample 147 adults ages 18-70 years with a BMI 231 kg/m? or 228 kg/m? with an obesity-related comorbidity; 76 of whom were randomized
Sampling strategy Participants were recruited between July 2019 and November 2021 via print and social media advertisements. We predicted that the

BT+AOM group would lose 4.5% more of body weight than the BT+P group from randomization to week 24, with expected standard
deviations of 5.5% in both groups (effect size: d = 0.82).20 Assuming a 20% attrition rate, a randomized sample of 50 non-responders
(25 per group) was expected to provide 81.5% power to detect between-group differences at week 24 in the primary outcome (2-
tailed @ level = 0.05). We anticipated that at least 33% of phase 1 participants would be categorized as early non-responders.5-7
Therefore we planned to enroll 150 participants in phase 1 in order to achieve a randomized sample of @50 early non-responders.

Data collection In-person assessment at weeks -4, 0, and 24; week 24. Body weight was measured to the nearest 0.1kg by trained staff using a digital
scale (Tanita BWB800). Body weights were measured at home for 22 early non-responders and 8 early responders using a uniform
procedure and scale due to the suspension of in-person activities due to COVID-19.

Timing
Recruitment occurred between July 2019 - November 2021, and the last participant completed the study in May 2022

Data exclusions No data were excluded; all 76 randomized participants were included in ITT analyses

Non-participation 795 persons were pre-screened but not enrolled. Of the 147 who enrolled; 16 did not enroll in phase 2 and 55 were early responders
who were not eligible for randomization, resulting in 76 who were randomized. Five randomized participants did not provide a body
weight at week 24.

Randomization Early non-responders were randomly assigned 1:1 to phentermine or placebo in permuted blocks of 2 to 4 participants via random

number tables. Randomization was performed by Penn’s Investigational Drug Services, which provided the study medications in
blinded capsules.
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Clinical data

Involved in the study

Eukaryotic cell lines

n/a | Involved in the study

|Z |:| ChiIP-seq
|Z |:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Dual use research of concern

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration
Study protocol

Data collection

Qutcomes

Plants

ClinicalTrials.gov number NCT03779048
Available at: https://doi.org/10.21203/rs.3.pex-2526/v1

Recruitment occurred at the University of Pennsylvania (Philadelphia, PA) between July 2019 - November 2021, and the last
participant completed the study in May 2022

Primary: percentage change in initial body weight as measured from randomization (week 0) to week 24 in early non-responders to
BT. Secondary: portion of non-responders who achieved a post-randomization loss of B5% and @10% of body weight, as measured
from randomization to week 24, as well as 24-week changes in resting blood pressure, pulse, fasting glucose, triglycerides, lipids,
quality of life and mood

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was upplied. ) )
Describe-any-atithentication-procedures foreach seed-stock-tised-or-novel-genotype generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.

)
g
C
=
()
©
O
Et\
o
=
—
™
©
O
=
)
Q
wn
C
3
=
Q
>
<




	Anti-obesity medication for weight loss in early nonresponders to behavioral treatment: a randomized controlled trial

	Results

	Patient disposition

	Phase 1: 4-week BT run-in
	Phase 2: 24-week randomized trial

	Primary outcome

	Secondary outcomes

	Safety

	Exploratory outcomes

	Post hoc analyses


	Discussion

	Online content

	Fig. 1 CONSORT diagram showing participant flow through the study.
	Fig. 2 Mean percent changes in body weight as measured from randomization (week 0) and from the baseline of the 4-week behavioral treatment run-in (week −4).
	Extended Data Fig. 1 Waterfall plot showing percent change in baseline body weight during the 4-week behavioral treatment run-in (week −4 to week 0) for each of the 131 participants who later enrolled in phase 2.
	Extended Data Fig. 2 Estimated mean percent changes in body weight from randomization (week 0) and from baseline of the 4-week behavioral treatment run-in (week −4) to week 24.
	Extended Data Fig. 3 Waterfall plots showing percent change in body weight from randomization (week 0) to week 24 in each early nonresponder.
	Extended Data Fig. 4 Waterfall plot showing percent change in body weight from the end of the behavioral treatment run-in (week 0) to week 24 in each early responder.
	Table 1 Characteristics at randomization (week 0) of early nonresponders to behavioral treatment by randomized condition.
	Table 2 Estimated mean percent reduction in body weight, weight loss (kg) and change in BMI from randomization (week 0) and from baseline of the run-in (week −4) in the intention-to-treat population.
	Table 3 Estimated mean changes in secondary and exploratory outcome measures from randomization (week 0) and from baseline of the run-in (week −4) to week 24 in the intention-to-treat population.
	Extended Data Table 1 Participant characteristics at baseline of the 4-week BT run-in (week -4).
	Extended Data Table 2 Adverse events with an incidence of 5% or more of participants in either randomized group.
	Extended Data Table 3 Estimated mean percent reduction in body weight, weight loss (kg) and change in body mass index from randomization (week 0) and from baseline (week −4) to week 24 in the intention-to-treat population including comparisons with early 
	Extended Data Table 4 Estimated mean changes in secondary and exploratory outcome measures from randomization (week 0) and from baseline (week −4) to week 24 in the intention-to-treat population including comparisons with early responders who were not ran
	Extended Data Table 5 Estimated mean percent reduction in body weight, weight loss (kg) and change in body mass index from randomization (week 0) and from baseline (week −4) in participants who lost <1.




