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Scalable, pragmatic approaches to obesity implemented in primary care
have the potential to curtail population weight gain. In astepped-wedge

% Check for updates cluster-randomized pragmatic trial in the state of Colorado, USA,

56 primary care clinics were randomly assigned to three clusters with
staggered start dates for a one-way crossover from usual care to the
intervention phase. The intervention (PATHWEIGH) included three
components: (1) health system primary care leadership endorsement;

(2) anelectronic health record-driven care process designed to prioritize,
facilitate and expedite weight management; and (3) implementation
strategies to support use of the care process and educate clinicians on
obesity treatment. The coprimary outcomes were average patient weight
loss at 6 months and weight loss maintenance from 6 months to 18 months.
In total, 274,182 adults with a body mass index >25 kg m? had at least 2
measured weights in one of the clinics between March 2020 and March
2024. A counterfactual analysis comparing differences in weight between
theintervention and usual care suggests that PATHWEIGH decreased
average weight by 0.29 kg (95% confidence interval (Cl): 0.27 kg, 0.32 kg)
from the first weight to 6 months later (P < 0.001) and 0.28 kg (95% CI:

0.26 kg, 0.31 kg) from 6 months to 18 months (P < 0.001) for a total
difference of 0.58 kg (95% Cl: 0.54 kg, 0.61 kg; P < 0.001). PATHWEIGH
increased the likelihood of receiving weight-related care during the
intervention (OR=1.23;95% CI1.16,1.31; P< 0.001). The intervention was
associated with greater weight loss for those receiving weight-related care
(adjusted difference of 2.36 kg over 18 months; 95% Cl: 2.31 kg, 2.42 kg,
P<0.001), and weight gain was mitigated in the intervention even when
patients did not receive weight-related care (adjusted difference of 0.32 kg
over 18 months, 95% CI: 0.30 kg, 0.35 kg; P < 0.001). Thus, PATHWEIGH is
apragmatic, scalable approach showing favorable impact on population
weight. ClinicalTrials.gov registration: NCT04678752.
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Obesity has been recognized as amajor health issue in Westernized
countries for more than three decades. Now, obesity is a greater
contributor to disability-adjusted life-years and death than under-
nutrition in more than 200 countries around the world’. Despite
its increasing acceptance as an independent disease, no widescale
strategy has reduced the prevalence of obesity in any country?.
Even in medical settings, obesity remains largely undiagnosed?
and untreated®.

The reasons why weight managementis rarely prioritized in clini-
cal settings are extensive and complex. Healthcare providers cite
lack of time, education and resources, as well as competing issues, as
the leading reasons why obesity is not prioritized; in addition, poor
reimbursement and lack of effective tools are also widely cited*®. Fur-
thermore, weight loss is widely perceived as the responsibility of the
patient’. This mindset influences clinician opinion and downstream
insurance coverage ultimately restricting access to the most effec-
tive treatments®. Lastly, pervasive stigma and bias surrounding the
medical treatment of obesity contributes to inertia among payors,
clinicians and patients.

Toaddress thesebarriers, our study leveraged existing resources
and workflows to engage major stakeholders, including patients, cli-
nicians and the health system at large, to assess patient weight tra-
jectories over time in a stepped-wedge cluster-randomized trial. To
this end, we implemented and assessed a health system primary care
leadership-endorsed care process (PATHWEIGH’) across primary
care clinics in the state of Colorado, USA, to prioritize, facilitate and
expedite weight management. This included customization of the
electronic healthrecord (EHR) and implementation strategies to sup-
portuse of the care process and educating clinicians on obesity treat-
ment. Our objective was to determine whether the implementation
of PATHWEIGH had greater effectiveness on patient weight loss and
weight maintenance compared with usual care.

Encounters n = 3,972,656

Unique patients n = 574,004

Eligible patients n = 385,090

Analyzed eligible patients
n=274,182

Results

The intention-to-treat population

Data handling is shown in Fig. 1. A total of 574,004 unique adult
patients were seen in 1 of 56 clinics between 17 March 2020 and 16
March2024. Of these, 274,182 had abody mass index (BMI) > 25 kg m?
with at least two weight measurements recorded in the EHR and are
includedinthe primary outcome analysis assessing change in weight.
Of these patients, 189,227 were first weighed during usual care and
84,955 were first weighed in the intervention (147,455 weighed in
usual care were also weighed in the intervention). The demographics
and health metrics of patients included in this analysis are shown in
Table 1and are highly representative of the demographics of adults
residing in Colorado. Supplementary materials provide additional
details, including participating clinics (Extended Data Table 1), an
operational definition of the Edmonton Obesity Staging System
(EOSS; Extended Data Table 2), captured weight-related comor-
bidities (Extended Data Table 3) and modeling outputs for Fig. 2a,b
(Extended Data Tables 4 and 5).

Coprimary outcomes comparing usual care and the
interventionin eligible patients

The intervention (PATHWEIGH) included 3 components: (1) health
system primary care leadership endorsement, (2) an EHR-driven care
process designed to prioritize, facilitate and expedite weight manage-
ment and (3) implementation strategies to support use of the care
process and educate clinicians on obesity treatment. The coprimary
outcomes were average patient weight loss at 6 months and weight loss
maintenance from 6 months to 18 months. From theintention-to-treat
(ITT) population, the average time these patients spent in usual care
was 9.1 months and the average time these patients spent in the inter-
vention phase was 13.7 months. Model-adjusted predicted average
weight increased by 0.29 kg (95% confidence interval (Cl): 0.27 kg,

Excluded for age <18 years and/or

BMI < 25 kg m™

Missing and/or suspected erroneous values
n=188,914

Excluded for not having index and 1 additional
weight n =110,908

Usual care phase

Intervention phase

UC only = 3,508

Int only = 50,879
Both = 45,207
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Fig.1| CONSORT diagram. Participant flow diagram. Hatched bars indicate the usual care phase. Solid bars indicate the intervention phase. UC, usual care;

Int, intervention.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04051-5

Table 1| Patient demographics and health metrics at the first recorded weight for eligible patients who (1) never received
care for their weight and had their care in both phases (n=103,240), only during usual care (n=35,505) or only during the
intervention phase (n=66,055), and (2) received care for their weight and had their care in both phases (n=44,215), only

during usual care (n=6,267) or only during the intervention phase (n=18,900)

Characteristics

Never received care for weight

Received care for weight

Both phases Usual care Intervention Both phases Usual care Intervention
n=103,240 n=35,505 n=66,055 n=44,215 n=6,267 n=18,900
Age (years) 56.1(17.2) 51.5(18.7) 50.5(18.0) 52.8 (15.4) 47.9 (15.8) 49.0 (15.7)
Sex
Female 51,692 (50.1%) 18,699 (52.7%) 34,140 (51.7%) 27,293 (61.7%) 3,673 (58.6%) 11,580 (61.3%)
Male 51,547 (49.9%) 16,805 (47.3%) 31,912 (48.3%) 16,921 (38.3%) 2,594 (41.4%) 7,320 (38.7%)
Unknown 1(0.0%) 1(0.0%) 3(0.0%) 1(0.0%) 0 (0.0%) 0(0.0%)
Race or ethnicity
Asian 2,488 (2.4%) 863 (2.4%) 2,028 (31%) 647 (1.5%) 11 (1.8%) 401(21%)
Black or African 4,017 (3.9%) 1,536 (4.3%) 2,347 (3.6%) 2137 (4.8%) 361(5.8%) 778 (4.1%)
American
Hispanic or Latino 10,302 (10.0%) 3,929 (111%) 7,530 (11.4%) 5,776 (131%) 871(13.9%) 2,704 (14.3%)
Non-Hispanic White 81,728 (79.2%) 27,341 (77.0%) 51,038 (77.3%) 33,610 (76.0%) 4,585 (73.2%) 14,136 (74.8%)
Other 3,094 (3.0%) 1,267 (3.6%) 2,096 (3.2%) 1,424 (3.2%) 255 (4.1%) 636 (3.4%)
Unknown 1,611 (1.6%) 569 (1.6%) 1,016 (1.5%) 621(1.4%) 84 (1.3%) 245 (1.3%)
Insurance
Commercial 59,718 (57.8%) 22,184 (62.5%) 45,069 (68.2%) 28,350 (64.1%) 4,336 (69.2%) 13,788 (73.0%)
Medicaid 5,703 (5.5%) 2,759 (7.8%) 2,894 (4.4%) 3,308 (7.5%) 657 (10.5%) 961(5.1%)
Medicare 36,418 (35.3%) 9,907 (27.9%) 17,168 (26.0%) 12,040 (27.2%) 1,170 (18.7%) 3,936 (20.8%)
Self-pay 1,401 (1.4%) 655 (1.8%) 924 (1.4%) 517 (1.2%) 104 (1.7%) 215 (11%)
Weight (kg) 86.2(15.2) 86.7 (16.8) 86.2(16.2) 102.9 (21.8) 106.0 (24.3) 104.3 (22.9)
BMI (kgm™) 29.6 (4.0) 29.9 (4.6) 29.5(4.3) 35.9(6.5) 36.6 (7.1) 36.0(6.8)
Systolic BP (mm Hg) 124.5 (14.9) 123.9 (15.5) 124.3 (15.6) 126.3 (14.9) 1261 (15.7) 126.7 (15.5)
Unknown 4,979 2,047 927 3,089 430 327
Diastolic BP (mm Hg) 771(9.8) 771(10.3) 775(10.2) 78.8(10.0) 79.4 (10.5) 79.8 (10.4)
Unknown 5,002 2,051 942 3,103 432 331
A1C (%) 6.0(1.3) 6.0 (1.4) 5.8 (1.3) 6.1(1.4) 6.0(1.5) 5.9(1.7)
Unknown 70,006 25,316 41,363 26,576 3,520 9135
ALT(UL™) 28.9 (24.2) 30.6 (32.9) 30.8(30.7) 31.7(26.3) 34.4 (40.) 33.5(26.9)
Unknown 53,878 20,039 3314 22,344 312 7978
AST(UL™) 29.1(19.9) 30.8(28.0) 31.2(41.0) 29.8 (19.8) 31.0 (28.2) 31.0 (20.0)
Unknown 53,843 20,035 33,104 22,334 3112 7974
eGFR (mlmin™1.73 m™) 75.7(18.6) 741(21) 77.2(17.9) 76.6 (18.6) 770 (20.4) 78.7(18.)
Unknown 69,117 26,146 46,622 31,330 4,666 13115
HDL (mg dl™) 48.5 (16.9) 48.3(16.7) 49.3(16.2) 45.9 (14.4) 44.3(14.2) 46.1(14.3)
Unknown 59,042 22,795 36,566 24,638 3,405 8,582
Triglycerides (mg dl™) 152.5 (109.0) 158.3 (132.2) 153.2 (125.5) 167.4 (116.4) 177.2 (150.9) 164.9 (113.8)
Unknown 58,941 22,744 36,392 24,582 3,390 8,624
EOSS
0 3(0.0%) 2(0.0%) 9(0.0%) 0(0.0%) 0 (0.0%) 1(0.0%)
1 91(0.1%) 34 (0.1%) 160 (0.3%) 28 (01%) 8(0.2%) 49 (0.3%)
2 65,589 (86.2%) 21,286 (84.8%) 41,730 (87.6%) 31,446 (87.8%) 4,373 (87.9%) 14,100 (89.5%)
3 10,377 (13.6%) 3,778 (151%) 5,741 (12.1%) 4,334 (121%) 595 (12.0%) 1,608 (10.2%)
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Table 1 (continued) | Patient demographics and health metrics at the first recorded weight for eligible patients who (1)
never received care for their weight and had their care in both phases (n=103,240), only during usual care (n=35,505) or
only during the intervention phase (n=66,055), and (2) received care for their weight and had their care in both phases
(n=44,215), only during usual care (n=6,267) or only during the intervention phase (n=18,900)

Characteristics Never received care for weight

Received care for weight

Both phases Usual care Intervention Both phases Usual care Intervention
n=103,240 n=35,505 n=66,055 n=44,215 n=6,267 n=18,900
Unknown 27180 10,405 18,415 8,407 1,291 3,142
Smoking status
Current 6,664 (6.5%) 3,065 (8.6%) 4,319 (6.5%) 2,781(6.3%) 584 (9.3%) 1,214 (6.4%)
Former 28,572 (27.7%) 9,666 (27.2%) 15,516 (23.5%) 12,457 (28.2%) 1,701 (271%) 4,699 (24.9%)
Never 63,841(61.8%) 21,372 (60.2%) 43,923 (66.5%) 27,059 (61.2%) 3,766 (60.1%) 12,440 (65.8%)
Unknown 4,163 (4.0%) 1,402 (3.9%) 2,297 (3.5%) 1,918 (4.3%) 216 (3.4%) 547 (2.9%)

Data are expressed as mean (s.d.) or n (%). BP, blood pressure; ALT, alanine aminotransferase; AST, aspartate transferase; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein.

0.32 kg) fromthe first weight to 6 months later (P< 0.001) and by 0.18 kg
(95% Cl: 0.15 kg, 0.21 kg) from 6 months to 18 months later (P < 0.001)
for an average total weight gain of 0.47 kg (95% Cl: 0.45 kg, 0.50 kg)
inthe usual care phase (P < 0.001). Model-adjusted predicted weight
decreased by 0.00 kg (95% Cl: -0.03 kg, 0.03 kg) from the first weight to
6 months later (P=0.98) and by 0.10 kg (95% CI: 0.07 kg, 0.12 kg) from
6 months to18 monthslater (P < 0.001) for an average total weight loss
of 0.10 kg (95% CI: 0.07 kg, 0.13 kg) in the intervention phase (P < 0.001).
A counterfactual analysis comparing differences in weight between the
intervention and usual care suggests that the intervention decreased
average weight by 0.29 kg (95% Cl: 0.27 kg, 0.32 kg) from the first weight
to 6 monthslater (P<0.001) and 0.28 kg (95% CI: 0.26 kg, 0.31 kg) from
6 months to18 months (P < 0.001) for a total difference of 0.58 kg (95%
Cl: 0.54 kg, 0.61 kg) (P<0.001), showing the intervention’s ability to
eliminate the population weight gain observed in usual care (Fig. 2a
and Extended Data Table 4).

Approximately 25% of eligible patients received discernable care
for their weight at least once during the trial (in one phase or both;
Table1). Ofthese patients, 50,482 were first weighed during usual care
and 18,900 were first weighed in the intervention (44,215 weighed in
usual care were also weighed in the intervention). Notably, a higher
proportion of patients who received discernable care for their weight
(versusthose who did not) were commercially insured (67% versus 62%)
women (61% versus 51%) with a higher average BMI (36 kg m versus
30 kg m™) at their initial weight measurement (Table 1). Results from
the generalized estimating equations (GEE) logistic model indicated
that the intervention increased the likelihood of a patient receiving
discernable care for their weight by 23% (odds ratio = 1.23 versus usual
care; 95% Cl:1.16,1.31; P< 0.001).

Prespecified secondary analysis among patients identified as
having received discernable care for their weight

Among patients receiving discernable care for their weight during the
study period, the average time these patients spent in usual care was
11.3 months and the average time these patients spentin theinterven-
tion phase was 32 months. Counterfactual analysis model-adjusted pre-
dicted average weight decreased by 0.06 kg (95% CI: 0.00 kg, 0.12 kg)
fromthe first weight to 6 monthslater (P=0.037) and by an additional
0.39 kg (95% CI: 0.35 kg, 0.43 kg) from 6 months to 18 months later
(P<0.001) for a total weight loss of 0.45 kg (95% ClI: 0.40 kg, 0.49 kg)
(P<0.001) for those receiving weight-related care during usual care.
Model-adjusted predicted average weight decreased by 0.88 kg (95%
Cl:0.81 kg, 0.95 kg) from the first weight to 6 months later (P < 0.001)
and by an additional 1.30 kg (95% CI: 1.25 kg, 1.35 kg) from 6 months
to 18 months later (P < 0.001) for a total weight loss of 2.18 kg (95% CI:
2.12 kg, 2.24 kg) (P < 0.001) for those receiving weight-related care dur-
ingtheintervention phase. The adjusted difference between usual care

andtheinterventionwas1.73 kg more weight loss over 18 monthsinthe
intervention for those receiving weight-related care (95% CI: 1.68 kg,
1.78 kg, P< 0.001; Fig. 2b and Extended Data Table 5).

Prespecified secondary analysis among patients identified as
having never received discernable care for their weight

Among patients never receiving discernable care for their weight
during the study period, 138,745 were first weighed during usual care
and 66,055 were first weighed in the intervention phase (103,240
weighed in usual care were also weighed in the intervention; Table 1).
The average time these patients spent in usual care was 9.56 months,
and the average time these patients spent in the intervention phase
was 26.9 months. Counterfactual analysis model-adjusted predicted
average weightincreased by 0.29 kg (95% CI: 0.26 kg, 0.32 kg) from the
first weight to 6 months later (P < 0.001) and by an additional 0.26 kg
(95% CI: 0.23 kg, 0.29 kg) from 6 months to 18 months later (P < 0.001)
for a total weight gain of 0.55 kg (95% CI: 0.52 kg, 0.58 kg) (P < 0.001)
duringusual care. Model-adjusted predicted average weight increased
by 0.08 kg (95% Cl: 0.045 kg, 0.11 kg) from the first weight to 6 months
later (P< 0.001) and by an additional 0.10 kg (95% CI: 0.07 kg, 0.14 kg)
from 6 months to 18 months later (P < 0.001) for a total weight gain of
0.18 kg (95% CI: 0.15 kg, 0.22 kg) (P < 0.001) during the intervention
phase. The adjusted difference of 0.32 kg over 18 monthsin usual care
versusintervention (95% CI: 0.30 kg, 0.35 kg; P < 0.001) isthe amount of
intervention-mitigated weight gain even when patients did not receive
weight-related care (Fig. 2b and Extended Data Table 5).

Weight trajectories in those who did versus did not receive
weight-related care

An associative counterfactual analysis comparing the weight trajec-
tories of patients who received discernable care for their weight and
those who did not indicated that these two subpopulations have dif-
ferent weight trajectories. The model-adjusted difference in weight
for those with aninitial visitin usual care who received weight-related
care weighed was 0.35 kg (95% CI: 0.30 kg, 0.40 kg) lower at 6 months
(P<0.001) and an additional 0.65 kg (95% CI: 0.63 kg, 0.68 kg) lower
from 6 months to 18 months later (P < 0.001) than would be expected
without weight-related care. The adjusted difference of 1.00 kg over
18 months (95% CI: 0.96 kg,1.04 kg; P < 0.001) represents the difference
inweight for those who did versus did not receive weight-related care
during usual care (Fig. 2b). The model-adjusted difference in weight
for those with an initial visit in the intervention phase who received
weight-related care weighed was 0.96 kg (95% Cl: 0.89 kg, 1.03 kg) less at
6 months (P < 0.001) and anadditional 1.41 kg (95% CI: 1.36 kg, 1.45 kg)
from 6 months to 18 months later (P < 0.001) than would be expected
without weight-related care. The adjusted difference of 2.37 kg over
18 months (95% CI: 2.33 kg, 2.40 kg; P < 0.001) represents the difference
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Fig. 2| Patient weight trajectories. a,b, Predicted weight trajectories for eligible
patients with ameasured weight in the usual care (blue line) and intervention
(red line) phases from O month to 6 months and 6 months to 18 months from
their first weight regardless of whether they received discernable weight-related
careintheITT sample (a), and who received weight-related care in the usual

care (blueline) or intervention phase (pink line), and those who never received
weight-related care in the usual care (purple line) or intervention phase (green
line) in the prespecified secondary analysis (b). The two-piece (0-6 months and
6-18 months) solid lines are predicted weights for a hypothetical average patient
during follow-up with 95% prediction intervalsin gray.

inweight for those who did versus did not receive weight-related care
during the intervention phase (Fig. 2b).

Delivery of weight-related care

Trackable weight-related care included referrals, performance of a
bariatric procedure and patient acknowledgement that an anti-obesity
medication was actively being used. Clinician counseling on lifestyle
modification was not trackable, but rather presumed when the clinician
used aweight-related International Classification of Disease-10 code
for billing without ordering of the treatments above. Chi-square tests
(Table 2) indicated that the proportion of patients receiving referrals
tothe Health and Wellness Center (a weight loss clinic) was lower in the
intervention phase compared with usual care, y*(1) = 8.38, P=0.004,
95% CI (5.9%, 4.9%) as was the proportion of patients who received
bariatricsurgery, x*(1) = 7.22, P=.007,95% C1 (0.6%, 0.08%). In contrast,
the proportion of patients reporting use of anti-obesity medications,
Xx2(1)=107.77, P < 0.001,95% CI (6.5%, 4.4%), was higher in the interven-
tion phase than in usual care. No other significant differences in the

proportions of patients receiving the remaining referrals were observed
between the intervention and usual care phases.

Engagement of the clinics with the implementation strategies
A crude estimate of clinic engagement was quantified using an engage-
mentscore (0-8; low to high engagement) and was based on the clinics’
and/or atleast one clinician per clinic documented participationin up to
8implementation activities (participationineach activity by the 56 clin-
icsisshownin parentheses): (1) virtualintroductory meeting (55/56), (2)
in-personall-clinic training (49/56), (3) individual consultation (29/56),
(4) obesity e-learning module (35/56), (5) World Obesity Federation
SCOPE training (17/56), (6) posted signage informing patients that
weight-prioritized visits were available (18/56), (7) attending alearning
community meeting (14/56) and/or (8) identifying achampion for PATH-
WEIGH (18/56). A total of 36 clinics (64%) showed moderate engagement
(score3-5),12clinics (21%) engaged to agreater degree (score 6-8) and
8 clinics (14%) engaged to alesser degree (score 0-2; Fig. 3).

Safety

No health metric (Table 1) changed >1% in an unfavorable directionin
theintervention. Death rates were very low in our patient population,
0.6% during usual care and 1.7% during the intervention (each over
3 years). The higher deathrate during the interventionis probably due
to the enrichment of patients seen in both phases who were older in
the intervention versus usual care (>50% of our population; Table 1).
Due to the timing of the trial (data capture began in March 2020; the
firstintervention group started in March 2021), COVID-related deaths
became much less common as more patients were being exposed to
the intervention.

Discussion

The steady rise in the prevalence of obesity has been attributed to an
average population weight gain of only 0.5 kg yr™ (refs. 9,10). Hence,
there is reason to believe that preventing population weight gain by
0.5 kg yr''may be sufficient to curtail the surging epidemic of obesity.
Major findings from our study provide an example of how this may be
accomplished. The composite PATHWEIGH intervention mitigated
population weight gain by 0.58 kg over 18 months and changed the
trajectory from weight gain to weight loss. This result should not be
misinterpreted to mean that 0.58 kg is clinically meaningful to a sin-
gular patient; rather, itis urged to look beyond toits potential impact
on public health. Although only 25% of adults with a BMI > 25 kg m?
received discernable care for their weight at any time during our 4-year
data collection period, PATHWEIGH increased the likelihood of a patient
receiving weight-related care by 23% during the intervention. Fur-
thermore, when patients did receive discernable weight-related care,
PATHWEIGH was associated with greater weight loss and also mitigated
the expected weight gain for those who did not receive discernable
weight-related care. These data show positive patient weight-related
outcomes across an entire health system’s adult-serving primary care
clinics and serve as an example of a pragmatic, scalable approach to
obesity that can curb population weight gain and improve obesity care
forindividual patients.

Recent years have ushered in numerous and diverse evidence-
based options for weight management. Nevertheless, research evi-
denceis notoriously slow to reach clinical practice’'>and the medical
establishment has been reluctant to adopt the treatment of obesity,
in particular. Interventions tested in primary care, specifically, have
shown successful patient weight loss under conditions in which
patients have been recruited into a weight loss intervention with a
set curriculum and coaches”™¢, neither of which are reminiscent of
routine practice. By randomizing on the clinic (versus patient) level,
aswas done in previous trials, only 6.3% of our patients were exposed
to the types of interventions tested in highly controlled trials; hence,
theresults cannot be directly compared. The current pragmatic clinical
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Table 2 | Care delivered between March 2020 and March 2024 to eligible patients who (1) never received care for their
weight and had their care in both phases (n=103,240), only during usual care (n=35,505) or only during the intervention
phase (n=66,055), and (2) received care for their weight and had their care in both phases (n=44,215), only during usual
care (n=6,267) or only during the intervention phase (n=18,900)

Characteristic

Never received care for weight

Received care for weight

Both phases Usual care Intervention Both phases Usual care Intervention

n=103,240 n=35,505 n=66,055 n=44,215 n=6,267 n=18,900
Referral to bariatric surgery 87 (0.1%) 45 (0.1%) 71(01%) 669 (1.5%) 122 (1.9%) 345 (1.8%)
Referral to behavioral health 3187 (3.1%) 1,396 (3.9%) 2,776 (4.2%) 1,595 (3.6%) 238 (3.8%) 808 (4.3%)
Referral to dietician 2,453 (2.4%) 1,022 (2.9%) 2133 (3.2%) 2,587 (5.9%) 460 (7.3%) 1,681(8.9%)
Referral to endocrinology 6,189 (6.0%) 2,427 (6.8%) 4,173 (6.3%) 3,483 (7.9%) 538 (8.6%) 1,319 (7.0%)
Referral to wellness clinic 495 (0.5%) 236 (0.7%) 396 (0.6%) 1,649 (3.7%) 327 (5.2%) 902 (4.8%)
Bariatric surgery 23 (0.0%) 14 (0.0%) 15 (0.0%) 174 (0.4%) 55 (0.9%) 86 (0.5%)
Anti-obesity medications 506 (0.5%) 245 (0.7%) 579 (0.9%) 2,704 (6.1%) 548 (8.7%) 2,799 (14.8%)

Data are expressed as mean (s.d.).
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Used e-learning
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Fig. 3| Clinic engagement. Percentage of the 56 clinics that participated in each
implementation activity. WOF training, World Obesity Federation SCOPE training.

trial provides externally valid evidence'”™® that subtle changes to the
coremedical care process can favorably impact the population weight
trajectory in a way that may be more sustainable. PATHWEIGH was
successfullyimplemented and mitigated patient weight gain across a
health system’s adult-serving primary care network up to 18 months,
despite the fact that most adults with a BMI > 25 kg m?did not receive
discernable care for their weight.

Of the eligible patients, 25% received some discernable care for
their weight atleast once during the trial. Most care remained limited,
presumably, to advice for lifestyle modification (not captured in this
trial) asreferrals, prescribing of anti-obesity medication and bariatric
surgery were relatively uncommon. Nevertheless, unlike previous tri-
als testing the impact of lifestyle modification on weight loss, weight
did not reach a nadir 6-12 months into the intervention®*°, but con-
tinued to decline through 18 months. The large relative increase in
the prescribing of anti-obesity medications (8.7-14.8%) may have
contributed to the accentuated weight loss in the intervention for
those being treated and also indicated an inflection point in clinician
willingness to treat obesity as a chronic disease. Most noteworthy is
that PATHWEIGH was associated with an increase in the likelihood of
patients receiving weight-related care by 23%. Hence, there is reason
to believe that simply having a care process to meet the demand for
weight management assistance in a medical setting can increase the
number of patients receiving help.

Motivatingchangeinmedical practiceisnotoriously challenging®-*.

Considerableliterature cites the misalignment of the widespread use
of extrinsic motivators (that is financial incentives or disincentives)
in physicians who are inherently intrinsically motivated by improved
competency and better patient outcomes?*?**.Indeed, clinician educa-
tion onbest practices for obesity management and training on the use
of PATHWEIGH as a care process resulted in the greatest engagement
withtheclinics. Hence, itis likely that greater awareness and education
around obesity as a disease led to more robust lifestyle advice that was
not captured in our study but was captured inadvertently by our data
showing less weight gain during the intervention versus usual care in
patients identified as never having received weight-related care.
Results from this pragmatic trial should be interpretedin light of
its limitations. The use of real-world data with measurement of weights
available from sporadic clinic visits required the use of models to
examine weight trajectories, and potential model misspecifications
may have impacted the results. A sensitivity analysis comparing the
3-piecewise linear model (presented herein) to more flexible models
using 8 or 19 pieces is provided in Extended Data Table 6. Goodness
of fit of the 3-piecewise linear model for observed versus residual or
fitted values overall and by subgroups are shown in Extended Data
Figs.1-3 and Extended Data Table 6. The 3-piece model was retained
for parsimony and ease of interpretation. The generalizability of the
results is limited to patients with two or more measured weights who
tended to be older, were women, have a higher BMI and were insured
by Medicare compared with those with fewer than two weights. While
the stepped-wedge designresultedinrandominterruptionin patients’
weighttrajectories, the timing of changesin unmeasured factors, such
asthe COVID-19 public health emergency, may have disproportionately
impacted the usual care and intervention phases of the study. Weight
was recorded by self-report for telehealth visits during the COVID-19
lockdown from March to June 2020 and was notoriously underre-
ported. Evidence suggests that population weight gainwas comparable
during versus before the pandemic®; however, speculation exists that
the disproportionate mortality rate from COVID-19 in people with obe-
sityisresponsible for the small decrease in the prevalence in obesity in
the USA from 2017-2020 t0 2021-2023?*” masking continued trends in
population weight gain. Similarly, secular trendsin the popularity and
availability of anti-obesity medications may have disproportionately
impacted the usual care and intervention phases. A sensitivity analy-
sis adjusting for whether the patient was prescribed any anti-obesity
medication or was first weighed early in the trial (during COVID-19)
did not change the results. Anti-obesity medication use mediated
only 4% of the weight loss. Finally, the pragmatic implementation of
PATHWEIGH precluded the random assignment of patients to receive
discernable care for their weight, limiting the analysis to measuring
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associations rather than causal relationships for this key element of
delivering weight management in primary care settings.

In conclusion, PATHWEIGH was successfullyimplemented across
56 clinicsin the state of Colorado and mitigated population weight gain
across a health system’s entire adult-serving primary care network up
to 18 months. PATHWEIGH increased the likelihood of patients receiv-
ing care for their weight and was associated with greater weight loss
whenthey received care. The results show how conventional workflows
and existing resources can be optimized toimprove patient outcomes
atscale.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability are available at https://doi.org/10.1038/s41591-025-04051-5.
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Methods

Trial design

An effectiveness-implementation hybrid type 1 stepped-wedge,
cluster-randomized pragmatic trial*® was conducted in 56 pri-
mary care clinics in a single health care system in Colorado, USA
(Extended Data Table 1). Randomization was performed at the clinic
level, and the stepped-wedge, cluster-randomized pragmatic design
was chosen to facilitate implementation of the intervention at all par-
ticipating sites (Fig. 1).

Clinics were randomized into three clusters using computer-
generated covariate-constrained randomization balanced for patient
volume, percentage of patients on Medicaid, academic versus nonaca-
demic, practice type (family medicine, internal medicine or both) and
geographicallocation of the clinic (rural versus urban or suburban)®.
Initially, 57 clinics were randomized; however, one clinic was identified
after randomization to not be primary care. Hence, it was not engaged
and was excluded thereafter. Baseline patient characteristics were
comparable between the clusters*. All clinics were unaware of their
randomized sequence assignment until 3 months before the imple-
mentation of the intervention; at that point, staff wereinformed about
the intervention and the implementation team performed training
before crossover. A usual care control period (17 March 2020 to 16
March 2021) preceded sequential intervention rollout: March 2021
for cluster 1, March 2022 for cluster 2 and March 2023 for cluster 3.
Clusters remained in the usual care condition until they received the
intervention, and clusters remained in the intervention once they
received it (one-way crossover). Rollout was timed viathe EHR to ensure
cluster-level fidelity and minimize contamination.

Trial population

The ITT population under study was composed of adults (> 18 years)
having a BMI > 25 kg m?and were seen and weighed in one of the clinics
byaprimary care clinician with a national provider identifier between
17March2020 and 16 March 2024. Both men and women were included
and sex was determined by self-report. A prespecified secondary analy-
sis was also performed for patients who received discernable medical
attention for their weight, >98% of whom were identified by clinician
use of a weight-related International Classification of Disease-10-CM
code for billing (E66-E.66.9, Z68.25-45). It was unknown whether
patients had received care before 17 March 2020. BMI values were
excludedifthey were suspected to be erroneous (height <135 cmand
>225 cm; weight > 273 kg).

Trained personnel who were unaware of the clinic sequence assign-
ments extracted prespecified clinical information from the EHR for
patients seeninthe 56 clinics. Patients were assigned unique encoded
identifiers and all data were de-identified. We implemented a custom
data processing and analysis pipeline for longitudinal EHR data to
characterize patient weight trajectories for evaluating weight-related
clinical outcomes. Because all data were de-identified, the study was
exempt frominformed consent and approved by the Colorado Multiple
Institutional Review Board, including a waiver of informed consent,
and the full protocol has been published”. No patient was ‘recruited’
or experienced their care as part of research.

Trial intervention
The trialinterventionincluded abundle of three components.

(1) Health system primary care leadership endorsement. Imple-
mentation began with health system leadership emailing re-
gional clinic managers to engage with the PATHWEIGH research
team, which proved critical to initiating the care process. They
ensured fidelity with the intervention by refraining fromin-
troducing other weight loss approaches that could impact our
results during the trial and also by continuing to support the
process after the funding period.

(2) Implementation strategies. The clinics engaged with the
research team through their participation in activities designed
to support use of the care process as well as educate clinicians
on obesity treatment. The following were the implementa-
tion strategies: (1) a virtual introductory meeting between the
research team and each individual clinic, (2) in-person all-clinic
training conducted by a research team clinician, (3) opportuni-
ty for consultation between primary care clinicians or staff with
appropriate members of the research team, (4) access to an
on-demand obesity e-learning module, (5) access to extended
World Obesity Federation training, (6) signage informing pa-
tients that weight-prioritized visits were available, (7) monthly
virtual learning community meetings covering a broad range of
topics and (8) encouragement that each clinic identify a cham-
pion for PATHWEIGH.

(3) Customization of the EHR. Customization of the EHR was one
component of PATHWEIGH and included three sequential steps
for patients, clinic staff and clinicians. Signage was mailed with
instructions that it should be posted in the clinics, encouraging
patients to schedule a ‘weight-prioritized visit’ (WPV; a new visit
type in the EHR) with their clinician if they would like medi-
cal assistance with their weight (step 1). Scheduling the WPV
prompted the EHR to send a weight management questionnaire
through the patient portal (which is used by 85% of patients in
the health system) 72 h before the visit, with a request that they
complete it before their visit (step 2). Clinicians were trained to
import the patient weight management questionnaire into their
clinic notes and use the patients’ answers to direct the conver-
sation and inform the treatment plan. Note-embedded support
tools and weight management order sets were designed to
reduce cognitive load and improve both chart navigation and
documentation efficiency by consolidating any potential aspect
of treatment into a single interface (that is referrals or prescrip-
tion of anti-obesity medication; step 3). Prompts for optimal
billing, follow-up and links to patient handouts were included.
Use of the care process was entirely voluntary and may have
entailed using 1, 2 or all 3 steps. Enduring onboarding materials
were developed to introduce and sustain the intervention in the
case of provider and/or staff turnover.

Trial outcomes

Two coprimary outcomes were specified: (1) change in patient weight
trajectories over the 6 months after the initial weight measured in
the usual care and intervention phases and (2) change in patient
weight maintenance, as measured by patient weight trajectories from
6 months to 18 months after the initial weight measurement, in the
usual care and intervention phases.

Statistical analyses

Data were collected from patients whose initial visit with a recorded
weight occurred between 17 March 2020 and 17 March 2024, with cen-
soring on the final day of follow-up, 17 September 2024. The primary
analysis followed an ITT strategy in which weight trajectories of our
patient population were examined over the usual care and intervention
phases, regardless of whether patients received discernable care for
their weight, using an interrupted time series framework. Due to the
real-world nature of this study, weight trajectories were modeled using
all observed weights from a patient’s first recorded weight to the end
of the follow-up period, including patients with weights measured in
both phases and patients with weights measured only in the usual care
or intervention phase. In addition, a prespecified secondary analysis
examined weight trajectories for patients after they were firstidentified
asreceiving discernable care for their weight in the usual care and/or
intervention phases. For the ITT, counterfactual analyses were used to
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compare model-predicted average weight measurements at 6 months
and weight maintenance between 6 months and 18 months after the
index weight in the usual care and intervention phases. For the pre-
specified secondary analyses, we compared weight measurements at
6 months and weight maintenance between 6 months and 18 months,
distinguishing among patients who received versus did not receive
discernable care for their weight across the usual care and intervention
phases. Average weight loss at 6 months and weight maintenance at
18 months were calculated using model predictions.

Linear mixed models were used to analyze patient weight trajec-
tories from the index weight to all other weight measures in the usual
care and intervention phases. Weight trajectories were modeled as
a continuous piecewise linear function with different slopes from
0 month to 6 months and 6 months to 18 months for each phase. A
continuous piecewise linear function was also used to model weight tra-
jectoriesintheintervention phase with different slopes from 0 month
to 6 months and 6 months to 18 months. Patients were considered in
the intervention phase at the time of their first visit with a measured
weightina clinic that had transitioned to the intervention. In the pre-
specified secondary analyses, additional continuous piecewise linear
functions were used to model weight trajectories following the first
visit in which they received discernable care for their weight in each
phase, with different slopes from 0 month to 6 months and 6 months
to 18 months after their weight-related visit. Results were confirmed
robust by comparing the piecewise linear model to a nonlinear quad-
ratic model. Counterfactual analyses compared weight trajectories in
five scenarios; hence,aPvalue threshold of 0.01was used to account for
Bonferroniadjustments. GEE logistic models were used to examine the
proportion of patients who received discernable care for their weight
inthe usual care and/or intervention phases, accounting for multiple
patient-level observations.

Thelinear mixed models adjusted for age, sex, race and ethnicity,
and calendar year of the index visit. Random intercepts were assumed
for repeated measures from the same patients, and another random
intercept was shared by visits to the same clinic. The GEE logistic mod-
elsadjusted for age, sex, race and ethnicity, calendar year of the index
visit, weight measured at the initial visit and the randomly assigned
cluster of the clinic where a patient’s initial visit occurred. Robust
sandwich variance estimators were used. Data were collected using R
v.4.4.1. Data analysis used R ImerTest 3.1-3 for the main modeling and
Ime 4 1.1-35.5 for contrasts and confidence intervals.

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

Data availability

Due to the very large data set (1.6 million data rows in >250,000
patients) and complex nature of the data, the datahave not been placed
inapublicrepository. De-identified data may be shared upon request.
The protocol has been previously published”.
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Extended Data Fig. 1| Goodness-of-fit (residual vs. fitted values) overall for the 3-piece model. Participant flow (CONSORT diagram) and study design; hatched bars

indicate the control phase and solid bars indicate the intervention phase.
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Extended Data Fig. 2| Goodness-of-fit (residual vs. fitted values) for observed
vs. predicted values for the full sample. Predicted weight trajectories for
eligible patients with a measured weight A) in the usual care (blue line) and
intervention (red line) phases from 0-6 months and 6-18 months from their first
weight regardless of whether they received discernable weight-related care in the
ITT sample, and B) who received weight-related care in the usual care (blue line)
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orintervention phase (pink line), and those who never received weight-related
careintheusual care (purpleline) orintervention phase (green line) in the
pre-specified secondary analysis. The two-piece (0-6 months and 6-18 months)
solid lines are predicted weights for a hypothetical average patient during
follow-up with 95% prediction intervalsin gray.
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(1) receive weight-related care, respectively. Percentage of the 56 clinics that participated in each implementation activity. WOF = World Obesity Federation
SCOPE training.
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Extended Data Table 1| Clinic names and addreses

Cluster 1

CU Family Medicine Depot Hill; 1022 Depot Hill Road, Broomfield CO 80020

AMC Seniors Out-patient; 1635 Aurora Court Anschutz Outpatient Pavilion, 5th floor, Aurora, CO 80045
Lonetree WISH; 9544 Park Meadows Drive Ste 100, Lone Tree Colorado 80124

Lonetree Primary Care Out-patient; 9540 Park Meadows Drive Lone Tree, CO 80124

Lowry Internal Medicine Out-patient; 8111 E Lowry Blvd Suite 120 Denver CO 80230

Broomfield Primary Care Out-patient; 340 E first avenue Ste 101 Broomfield, Colorado 80020

Greenwood Village Primary Care Out-patient; 7000 E Belleview Avenue Ste 209 Greenwood Village, CO 80111
Stonegate Primary Care Out-patient; 16990 Village Center Drive East, Parker Colorado 80134

Uptown Primary Care Out-patient; 1700 N Marion Street Denver, CO 80218

‘Yosemite Primary Care Out-patient; 9695 S Yosemite Street Ste 224 Lone Tree Colorado 80124

Greeley Medical Center Internal Medicine Out-patient; 6767 W. 29th Street Greeley Medical Center, 2nd floor Greeley, CO 80634
North Loveland Family Medicine Out-patient; 2975 Ginnala Drive Loveland, CO 80538

Orchard Center Internal Medicine Out-patient; 221 E 29th Street Suite 102 Loveland CO, 80538

Snow Mesa Internal Medicine Out-patient; 4674 Snow Mesa Drive STE 100 Fort Collins 80528

Sterling Family Medicine Out-patient; 620 Iris Drive Sterling, CO 80751

Windsor Family Medicine Out-patient; 1455 Main Street STE 100 Windsor CO, 80550

Aspen Creek Primary Care Out-patient; 9480 Briar Village Point Suite 200 Colorado Springs CO 80920

Cripple Creek Primary Care; 1101 County Road 1, Cripple Creek CO 80013

Fontanero Primary Care; 320 E Fontanero Street Suite 100 Colorado Springs, Co 80907

Scarborough Primary Care Out-patient; 8540 Scarborough Drive Ste 100, Colorado Springs, Colorado 80920

Cluster 2

CU Denver Internal Medicine; 360 S. Garfield Street Suite 550 Denver, CO 80209

AF Williams Family Medicine Out-patient; 3055 Roslyn Street Suite 100 Denver, CO 80238

AMC WISH Out-patient; 1635 Aurora Court Anschutz Outpatient Pavilion, 3rd floor Aurora, CO 80045

Longmont Family Medicine Out-patient; 1925 W. Mountain View Avenue Longmont, CO 80501

Longmont Internal Medicine Out-patient; 1925 W. Mountain View Avenue Longmont, CO 80501

Arvada West Primary Care; 15240 W. 64th Avenue Arvada, CO 80007

Castle Rock Family Medicine Out-patient; 4404 Barranca Lane Suite 101 Castle Rock, CO 80104

Hilltop Primary Care Out-patient; 19964 Hilltop Road Suite A Parker, CO 80134

Steele Primary Care Out-patient; 311 Steele Street Denver, CO 80206

Old Greeley Medical Center Midtown Internal Medicine Out-patient; 1900 16th Street Greeley CO

Greeley Medical Center Family Medicine Out-patient; 6767 W. 29th Street Greeley Medical Center, 2nd floor Greeley, CO 80634
Estes Park Primary Care Out-patient; 131 Stanley Avenue Timberline Medical Center, Suite 202 Estes Park, CO 80517

MCC Internal Medicine Out-patient; 2500 Rocky Mountain Avenue North Medical Office Building Suite 2200, Loveland, CO 80538
Prospect Internal Medicine Out-patient; 1106 E. Prospect Road Suite 100 Fort Collins, CO 80525

Briargate Primary Care Out-patient; 8890 N. Union Boulevard Suite 170 Colorado Springs, CO 80920

Falcon Primary Care Out-patient; 11605 Meridian Market View Suite 184 Falcon, CO 80831

Monument Primary Care Out-patient; 15854 Jackson Creek Parkway Suite 120 Monument, CO 80132

PPRH Family Medicine Out-patient; 16420 W. US Highway 24 Woodland Park, CO 80863

Cluster 3

CU Family Medicine Centennial; 7960 South University Boulevard Suite 101 Centennial, CO, 80122

CU Family Medicine Landmark; 7447 East Berry Avenue Suite 250 Greenwood Village, CO, 80111

AMC Internal Medicine Out-patient; 1635 Aurora Court Anschutz Outpatient Pavilion, 5th Floor, Aurora CO, 80045
Boulder Family Medicine Out-patient; 5495 Arapahoe Avenue Boulder, CO 80303

Firestone Family Medicine Out-patient; 11083 Colorado Boulevard, Firestone CO 80504

Highlands Ranch Primary Care; 9475 South University Boulevard, Highlands Ranch, CO, 80126

Littleton Family Medicine Out-patient; 206 West County Line Road Suite 300, Highlands Ranch, CO, 80129
Quincy Primary Care Out-patient; 16951 East Quincy Avenue Aurora CO, 80015

Sterling Ranch Primary Care; 8155 Piney River Avenue Suite 100, Littleton CO, 80125

Craig Primary Care; 595 Russell Street, Craig CO, 81625

FMC Family Medicine Out-patient; 1025 Pennock Place Fort Collins CO 80524

Snowmesa Med Peds Out-patient; 4674 Snow Mesa Drive Suite 200 Fort Collins, CO 80528

Baggs Primary Care Out-patient; 15 Lash Street Baggs, WY 82321

Timnath Primary Care; 4650 Signal Tree Drive Suite 1200, Timnath CO, 80547

GVMC Primary Care Out-patient; 5818 N Nevada Suite 200 Colorado Springs, CO 80918

Chapel Hill Primary Care Out-patient; 595 Chapel Hills Drive Suite 325, Colorado Springs, CO 80920
PPMP Internal Medicine Out-patient; 175 South Union Boulevard Suite 350, Colorado Springs, CO 80910
Rockrimmon Primary Care Out-patient; 6615 Delmonico Drive, Colorado Springs, CO 80919

CMS Primary Care Out-patient; 5050 Powderhouse Road, Cheyenne WY, 82009
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Extended Data Table 2 | Operationalized definition of the Edmonton Obesity Staging System

Stage Conceptual

Modified study definition

0 No apparent obesity-related risk
factors, physical symptoms,
psychopathology, physical limitations

or impaired well-being

1 Presence of obesity-related subclinical
risk factors, mild impairment of
biological, psychological or social

domains

2 Presence of established obesity-related
chronic diseases, moderate impairment
biological, psychological or social

domains

3 Established end-organ damage,
significant, impairment of biological,

psychological or social domains

4 Severe disabilities

BP<130/80 mmHg
Fasting glucose <100 mg/di
Alc<5.7%

ALT<36 and AST<33 IUIL
Triglycerides <150 mg/dl
HDL >60 mg/di

€GFR >90 mi/min

PHQ9 and/or GADY score<5
No diagnoses below

No use of medications below

BP 130/80-139/89mmHg
Fasting glucose 100-125 mg/di
A1c5.7-64%

Diagnosis of prediabetes

ALT>36 and/or AST>33 UL
Triglycerides 150-200 mg/di

HDL < 60 mg/di

€GFR 60-90 ml/min

PHQ9 and/or GAD? score 5-9

Diagnosis of gestational diabetes
Diagnosis of polycystic ovarian syndrome
Diagnosis of proteinuria

Diagnosis of cellulitis

BP>140/90 mmHg
"Use of anti-hypertensive medication

Fasting glucose >125mg/dl

A1c26.5%

Diagnosis of type 2 diabetes

2Use of medication for diabetes

Triglycerides >200 mg/dl

HDL < 50 mg/di

€GFR <60 mi/min

Use of continuous positive airway pressure or 0
PHQ9 and/or GADY score>9

Diagnosis of hypertension

Diagnosis of dyslipidemia

Diagnosis of anxiety

Diagnosis of obstructive sleep apnea
Diagnosis of low back pain

Diagnosis of gastroesophageal reflux disorder
Diagnosis of depression

Diagnosis of osteoarthritis

Diagnosis of non-alcoholic steatohepatitis
*Use of psychiatric medication

Diagnosis of dyslipidemia

Diagnosis of coronary artery disease
Diagnosis of stroke

Diagnosis of chronic kidney disease
Diagnosis of cirthosis

Diagnosis of pulmonary embolus
Diagnosis of heart failure

Diagnosis of pulmonary hypertension
“Diagnosis of an obesity-associated cancer

Diagnosis of pancreatitis

Not assessed

BP= blood pressure, ALT= alanine aminotransferase, AST= aspartate transferase, HDL= high-density lipoprotein, eGFR= estimated glomerular filtration rate, PHQ9= patient health GAD7= anxiety disorder

medication’ (alpha or beta blocker), medication for diabetes? (insulin, sulfonylurea, thiazolidinedione, biguanide, glucagon-like peptide-1 +/- glucose

receptor agonist, sodium-g Tk

medication’ (tricyclic anti-depressant, selective serotonin reuptake inhibitor, anti-psychotic, anti-seizure, dopamine reuptake inhibitor, stimulants), obesity-associated cancer* (breast, kidney, colon, ovarian, liver, pancreas)

ter-2 inhibitor),
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Extended Data Table 3 | Weight-related comorbidities

Never received care for weight

Characteristic Both phases  Usual care
N =103,240' N =35,505"
Hypertension 29,843 8,084
(28.91%) (22.77%)
Dyslipidemia 30,378 7,385
(29.42%) (20.80%)
Low back pain 13,784 4,233
(13.35%) (11.92%)
Type 2 Diabetes 10,265 3,093
(9.94%) (8.71%)
Anxiety 9,538 (9.24%) 3,187
(8.98%)
Osteoarthritis 10,364 2,745
(10.04%) (7.73%)
Obstructive sleep 8,465 (8.20%) 2,377
apnea (6.69%)
Asthma 5,413 (5.24%) 1,621
(4.57%)
Depression 5,089 (4.93%) 1,805
(5.08%)
CAD 5,821 (5.64%) 1,863
(5.25%)
CKD 4,113 (3.98%) 1,489
(4.19%)
n (%)

Intervention

N = 66,055!
6,042
(9.15%)

6,225
(9.42%)

3,373
(5.11%)

1,857
(2.81%)

2,470
(3.74%)

2,166
(3.28%)

1,830
(2.77%)

1,454
(2.20%)

1,211
(1.83%)

1,335
(2.02%)

874 (1.32%)

Received care for weight

Both phases
N = 44,215?

14,759
(33.38%)

12,850
(29.06%)

6,706
(15.17%)

6,344
(14.35%)

5,416
(12.25%)

5,153
(11.65%)

7,053
(15.95%)
3,523 (7.97%)
3,207 (7.25%)

1,951 (4.41%)

1,612 (3.65%)

Usual care
N =6,267*

1,420
(22.66%)

1,134
(18.09%)
681 (10.87%)
661 (10.55%)
665 (10.61%)
477 (7.61%)
748 (11.94%)
342 (5.46%)
382 (6.10%)

226 (3.61%)

177 (2.82%)

Intervention
N = 18,900

1,807
(9.56%)

1,554
(8.22%)
917 (4.85%)
660 (3.49%)
678 (3.59%)
628 (3.32%)
919 (4.86%)
498 (2.63%)
381 (2.02%)

262 (1.39%)

207 (1.10%)
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Extended Data Table 4 | Regression coefficients estimates and P values from linear mixed models for weight during
follow-up (intention-to-treat; Fig. 2a)

Characteristic Beta 95% CI’ p-value
(Intercept) 85.8446 85.5452,86.1439 <0.001
age_45_to_60 -0.51900 -0.58858, -0.44941 <0.001
age_gt_60 -1.78813 -1.87547,-1.70079 <0.001
sex_m 12.9654 12.8338,13.0970 <0.001
reth_his -1.85409 -2.06343,-1.64475 <0.001
reth_blk 452526 4.18867,4.86186 <0.001
reth_asn -12.0813 -12.5124,-11.6503 <0.001
reth_oth -0.85480 -1.22816, -0.48143 <0.001
reth_ukn -1.24617 -1.78342,-0.70891 <0.001
year_at_ind1 -0.06450 -0.09743,-0.03157 <0.001
year_at_ind2 -0.14301 -0.18376,-0.10227 <0.001
year_at_ind3 -0.20229 -0.25178,-0.15279 <0.001
N_months_post_id_con 0.04865 0.04404,0.05326 <0.001

N_months_post_id_con_180 -0.03345 -0.03998, -0.02693 <0.001
N_months_post_id_con_540 -0.03701 -0.04034,-0.03368 <0.001
N_months_post_id_int -0.04874 -0.05316, -0.04433 <0.001
N_months_post_id_int_180 0.02499 0.01959, 0.03040 <0.001
Cl = Confidence Interval
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Extended Data Table 5 | Regression coefficients estimates and P values from linear mixed models for weight during
follow-up (pre-specified subgroup analysis; Fig. 2b)

Characteristic Beta 95% CI’ p-value
(Intercept) 85.7696 85.4698, 86.0693 <0.001
age_45 to_60 -0.43874 -0.50811, -0.36937 <0.001
age_gt_60 -1.64323 -1.73042, -1.55604 <0.001
sex_m 12,9139 12.7813,13.0466 <0.001
reth_his -1.78360 -1.99460, -1.57261 <0.001
reth_blk 457879 4.23955,4.91803 <0.001
reth_asn -12.0996 -12.5341,-11.6651 <0.001
reth_oth -0.81590 -1.19226, -0.43954 <0.001
reth_ukn -1.24580 -1.78735,-0.70424 <0.001
year_at_ind1l -0.06818 -0.10092, -0.03543 <0.001
year_at_ind2 -0.13664 -0.17717,-0.09612 <0.001
year_at_ind3 -0.18007 -0.22931, -0.13084 <0.001
N_months_post_id_con 0.04822 0.04360, 0.05285 <0.001

N_months_post_id_con_180 -0.02635 -0.03286, -0.01985 <0.001
N_months_post_id_con_540  -0.02589 -0.02922,-0.02257 <0.001

N_months_post_id_int -0.03505 -0.03964, -0.03045 <0.001
N_months_post_id_int_180 0.02185 0.01621, 0.02748 <0.001
N_months_post_wpv_con -0.05809 -0.06676, -0.04943 <0.001
N_months_post_wpv_con_180 0.00379 -0.00613, 0.01371 0.5

N_months_post_wpv_int -0.10165 -0.10895, -0.09435 <0.001

N_months_post_wpv_int_180 0.03884 0.02942, 0.04827 <0.001
'Cl = Confidence Interval
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Extended Data Table 6 | Sensitivity analysis for patient weight change during usual care and the additional impact on weight
from the intervention using models with 3, 8 or 19 linear pieces

3 pieces 8 pieces 19 pieces
6m 18m 6m 18m 6m 18m
Weight change during usual care 0.2919 0.4743 0.3675 0.5410 0.4341 0.3641
Additional weight change during the intervention -0.2924 -0.5774 -0.3548 -0.4576 -0.3724 -0.4922

m= months

See output of the 3-piece model (in the manuscript; Supplementary Table 4)

Output of the 8-piece model: Output of the 19-piece model:
Characteristic Beta 95% CI’ p-value Characteristic Beta 95% CI' p-value
(Intercept) 85.8301 85.5306, 86.1295 <0.001 (intercept) 858284  85.5290,86.1279  <0.001
age_45_to_60 -052172 -0.59131, -045214 <0.001 age_45_to_60 052258  -0.59216,-0.45300 <0.001
age_gt 60 A.79142 -1.87876, -1.70409 <0.001 age_gt_60 179210 -1.87943,-1.70476  <0.001
sex_m 12.9657 128341, 13.0974 <0.001 sex_m 12.9660  12.8344,13.0976  <0.001
reth_his -1.85581 -2.06514, -1.64647 <0.001 reth_his -1.85655  -2.06588, -1.64722  <0.001
reth_blk 452348 4.18689, 4.86006 <0.001 reth_blk 452229 4.18572,4.85887  <0.001
reth_asn -12.0806 -12.5116, -11.6495 <0.001 reth_asn 12.0808  -12.5118,-11.6497  <0.001
reth_oth 085717 -1.23052, -0.48381 <0.001 reth_oth -0.85784  -1.23118,-0.48449  <0.001
reth_ukn -1.24638 -1.78362,-0.70914 <0.001 reth_ukn 1.24622  -1.78345,-0.70899  <0.001
year_at_ind1 -0.04067 -0.07400, -0.00733 0017 year_at_ind1 -0.04182  -0.07523,-0.00841  0.014
year_at_ind2 -0.15188 -0.19323,-0.11052 <0.001 year_at_ind2 -0.16234  -0.20384,-0.12083  <0.001
year_at ind3 017967 -0.22988, -0.12946 <0.001 year_at_ind3 -0.18219  -0.23260,-0.13177  <0.001
N_months_post_id_con 0.08945 0.06598, 0.11293 <0.001 N_months_post_id_con 012061  0.06275,0.17846  <0.001
N_months_post_id_con_2m  -0.05553 -0.10955, -0.00151 0.044 N_months_post_id_con_1m  -0.10878  -0.24814,0.03059  0.13
N_months_post_id_con_4m  0.02647 -0.03506, 0.08800 04 N_months_post_id_con_2m  0.11656  -0.05416,0.28729 0.2
N_months_post_id_con_6m  -0.04674 -0.09575, 0.00228 0.062 N_months_post_id_con_3m  -0.15463  -0.33024,0.02098  0.084
N_months_post_id_con_9m  -0.04682 -0.08368, -0.00997 0013 N_months_post id_con_4m  0.06883  -0.11459,025225 0.5
N_months_post_id_con_12m  0.02650 -0.00823, 0.06123 0.13 N_months_post_id_con_5m 0.11428 -0.07169, 0.30025 0.2
N_months_post_id_con_15m  0.09069 0.05891, 0.12246 <0.001 N_months_post id_con_6m 026044  -044109,-0.07978  0.005
N_months_post_id_con_18m  -0.10802 -0.12335, -0.09269 <0.001 N_months_post id_con_7m 042832 -0.05903,0.31566 0.2
N_months_post_id_int -0.07191 -0.09715, -0.04668 <0.001 N_months_post_id_con_8m  0.01411  -0.17855,0.20677 0.9
N_months_post_id_int 2m  -0.02102 -0.07916, 0.03712 05 N_months_post_id_con_9m  0.01992  -0.17470,0.21453 0.8
N_months_post_id_int_4m 0.08036 0.01456, 0.14615 0.017 N_months_post_id_con_10m ~ -0.15310  -0.34879,0.04260  0.13
N_months_post_id_int_6m 0.00321 -0.04898, 0.05541 >0.9 N_months_post_id_con_11m  0.03094 -0.15894, 0.22082 0.7
N_months_post_id_int_9m 0.00669 -0.03306, 0.04645 0.7 N_months_post_id_con_12m  0.03995  -0.13889,0.21879 0.7
N_months_post_id_int_12m -0.06375 -0.10224, -0.02525 0.001 N_months_post_id_con_13m  0.07254 -0.10711, 0.25219 0.4
N_months_post_id_int_15m 0.11061 0.07317, 0.14804 <0.001 N_months_post_id_con_14m  -0.03619  -0.21996, 0.14758 0.7
N_months_post_id_int_18m -0.08194 -0.10228, -0.06160 <0.001 N_months_post_id_con_15m  0.02461 -0.16629, 0.21551 0.8
No. Obs. 1,654,123 N_months_post_id_con_16m  -0.05837  -0.25425,0.13750 0.6
Sigma 4.23 N_months_post_id_con_17m  0.03447  -0.16213,0.23106 0.7
Log-likelihood -5,335,977 N_months_post_id_con_18m  0.17449  0.00580, 0.34319  0.043
AIC 10,672,015 N_months_post_id_con_19m  -0.21425  -0.28644,-0.14206  <0.001
BIC 10,672,397 N_months_post_id_int 0.04595  -0.01758,0.10949 0.2
REMLecrit 10,671,953 N_months_post_id_int_1m 0.28033  -0.43331,-0.12735  <0.001
residual df 1,654,092

N_months_post_id_int_2m 014621  -0.03879,0.33121  0.12
N_months_post_id_int_3m 0.07472  -0.11321,0.26264 0.4

N_months_post_id_int_4m -0.01730  -0.21273,0.17814 0.9
N_months_post_id_int_5m -0.02086  -0.21776, 0.17603 0.8
N_months_post_id_int_6m 0.09111 -0.10091, 0.28313 0.4
N_months_post_id_int_7m -0.05834 -0.25865, 0.14198 0.6
N_months_post_id_int_8m 0.02218 -0.18504, 0.22940 0.8
N_months_post_id_int_9m -0.13335  -0.34338, 0.07668 0.2

N_months_post_id_int_10m 0.33464 0.12308, 0.54621 0.002
N_months_post_id_int_11m -0.38477  -0.59094, -0.17860  <0.001
N_months_post_id_int_12m 0.22286 0.02586, 0.41985 0.027
N_months_post_id_int_13m -0.12958  -0.33099, 0.07182 0.2
N_months_post_id_int_14m 0.03869 -0.17008, 0.24745 0.7
N_months_post_id_int_15m -0.02019  -0.23900, 0.19862 0.9
N_months_post_id_int_16m 0.16482 -0.06455, 0.39419 0.2
N_months_post_id_int_17m -0.07054  -0.30783, 0.16675 0.6
N_months_post_id_int_18m 0.00804 -0.20320, 0.21928 >0.9
N_months_post_id_int_19m -0.07343  -0.16775, 0.02090 0.13

No. Obs. 1,654,123
Sigma 4.23

Log-likelihood -5,335,947
AIC 10,672,004
BIC 10,672,682
REMLcrit 10,671,894
Residual df 1,654,068

'Cl = Confidence Interval
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