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Implementation and effectiveness of a care 
process to prioritize weight management  
in primary care: a stepped-wedge  
cluster-randomized trial
 

Scalable, pragmatic approaches to obesity implemented in primary care 
have the potential to curtail population weight gain. In a stepped-wedge 
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) an electronic 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 m2 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 
the intervention and usual care suggests that PATHWEIGH decreased 
average weight by 0.29 kg (95% confidence interval (CI): 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% CI: 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% CI 1.16, 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% CI: 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 
a pragmatic, scalable approach showing favorable impact on population 
weight. ClinicalTrials.gov registration: NCT04678752.
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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 
March 2024. Of these, 274,182 had a body mass index (BMI) ≥ 25 kg m2 
with at least two weight measurements recorded in the EHR and are 
included in the 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 1 and 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 
intervention in 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 the intention-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 (CI): 0.27 kg, 

Obesity has been recognized as a major 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 world1. Despite 
its increasing acceptance as an independent disease, no widescale 
strategy has reduced the prevalence of obesity in any country2. 
Even in medical settings, obesity remains largely undiagnosed3 
and untreated4.

The reasons why weight management is 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 cited5,6. Fur-
thermore, weight loss is widely perceived as the responsibility of the 
patient7. This mindset influences clinician opinion and downstream 
insurance coverage ultimately restricting access to the most effec-
tive treatments8. Lastly, pervasive stigma and bias surrounding the 
medical treatment of obesity contributes to inertia among payors, 
clinicians and patients.

To address these barriers, 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 health record (EHR) and implementation strategies to sup-
port use 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.

Cluster 1
UC only = 3,508
Int only = 50,879
Both = 45,207

Cluster 2

Cluster 3

March 2020 March 2021 March 2022 March 2023 March 2024

Encounters n = 3,972,656

Unique patients n = 574,004

Eligible patients n = 385,090

Excluded for age <18 years and/or
BMI < 25 kg m−2

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 

Analyzed eligible patients
n = 274,182 

UC only = 11,481
Int only = 24,555
Both = 50,615

UC only = 26,783
Int only = 9,521
Both = 51,633

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.
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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 
n = 103,240

Usual care 
n = 35,505

Intervention 
n = 66,055

Both phases 
n = 44,215

Usual care 
n = 6,267

Intervention 
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 (3.1%) 647 (1.5%) 111 (1.8%) 401 (2.1%)

 � Black or African 
American

4,017 (3.9%) 1,536 (4.3%) 2,347 (3.6%) 2,137 (4.8%) 361 (5.8%) 778 (4.1%)

  Hispanic or Latino 10,302 (10.0%) 3,929 (11.1%) 7,530 (11.4%) 5,776 (13.1%) 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 (1.1%)

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 (kg m−²) 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) 126.1 (15.7) 126.7 (15.5)

  Unknown 4,979 2,047 927 3,089 430 327

Diastolic BP (mm Hg) 77.1 (9.8) 77.1 (10.3) 77.5 (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 9,135

ALT (U L−1) 28.9 (24.2) 30.6 (32.9) 30.8 (30.7) 31.7 (26.3) 34.4 (40.1) 33.5 (26.9)

  Unknown 53,878 20,039 33,114 22,344 3,112 7,978

AST (U L−1) 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 3,112 7,974

eGFR (ml min−1 1.73 m−2) 75.7 (18.6) 74.1 (21.1) 77.2 (17.9) 76.6 (18.6) 77.0 (20.4) 78.7 (18.1)

  Unknown 69,117 26,146 46,622 31,330 4,666 13,115

HDL (mg dl−1) 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−1) 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 8,524

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 (0.1%) 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 (15.1%) 5,741 (12.1%) 4,334 (12.1%) 595 (12.0%) 1,608 (10.2%)
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0.32 kg) from the first weight to 6 months later (P < 0.001) and by 0.18 kg 
(95% CI: 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% CI: 0.45 kg, 0.50 kg) 
in the usual care phase (P < 0.001). Model-adjusted predicted weight 
decreased by 0.00 kg (95% CI: −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 to 18 months later (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% CI: 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% 
CI: 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; 
Table 1). Of these 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 
(versus those who did not) were commercially insured (67% versus 62%) 
women (61% versus 51%) with a higher average BMI (36 kg m−2 versus 
30 kg m−2) 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% CI: 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 spent in the interven-
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) 
from the first weight to 6 months later (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% CI: 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% 
CI: 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-
ing the intervention phase. The adjusted difference between usual care 

and the intervention was 1.73 kg more weight loss over 18 months in the 
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 weight increased 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) 
during usual care. Model-adjusted predicted average weight increased 
by 0.08 kg (95% CI: 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 months in usual care 
versus intervention (95% CI: 0.30 kg, 0.35 kg; P < 0.001) is the 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 an initial visit in 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 
in weight 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% CI: 0.89 kg, 1.03 kg) less at 
6 months (P < 0.001) and an additional 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 

Characteristics Never received care for weight Received care for weight

Both phases 
n = 103,240

Usual care 
n = 35,505

Intervention 
n = 66,055

Both phases 
n = 44,215

Usual care 
n = 6,267

Intervention 
n = 18,900

  Unknown 27,180 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 (27.1%) 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.

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)
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in weight 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 a weight-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 
to the Health and Wellness Center (a weight loss clinic) was lower in the 
intervention phase compared with usual care, χ2(1) = 8.38, P = 0.004, 
95% CI (5.9%, 4.9%) as was the proportion of patients who received 
bariatric surgery, χ2(1) = 7.22, P = .007, 95% CI (0.6%, 0.08%). In contrast, 
the proportion of patients reporting use of anti-obesity medications, 
χ2(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-
ment score (0–8; low to high engagement) and was based on the clinics’ 
and/or at least one clinician per clinic documented participation in up to 
8 implementation activities (participation in each activity by the 56 clin-
ics is shown in parentheses): (1) virtual introductory meeting (55/56), (2) 
in-person all-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 a learning 
community meeting (14/56) and/or (8) identifying a champion for PATH-
WEIGH (18/56). A total of 36 clinics (64%) showed moderate engagement 
(score 3–5), 12 clinics (21%) engaged to a greater degree (score 6–8) and 
8 clinics (14%) engaged to a lesser degree (score 0–2; Fig. 3).

Safety
No health metric (Table 1) changed ≥1% in an unfavorable direction in 
the intervention. 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 death rate during the intervention is 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 
first intervention 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−1 (refs. 9,10). Hence, 
there is reason to believe that preventing population weight gain by 
0.5 kg yr−1 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, it is urged to look beyond to its potential impact 
on public health. Although only 25% of adults with a BMI ≥ 25 kg m2 
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 
for individual patients.

Recent years have ushered in numerous and diverse evidence- 
based options for weight management. Nevertheless, research evi-
dence is notoriously slow to reach clinical practice11,12 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 coaches13–16, neither of which are reminiscent of 
routine practice. By randomizing on the clinic (versus patient) level, 
as was done in previous trials, only 6.3% of our patients were exposed 
to the types of interventions tested in highly controlled trials; hence, 
the results cannot be directly compared. The current pragmatic clinical 
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Fig. 2 | Patient weight trajectories. a,b, Predicted weight trajectories for eligible 
patients with a measured weight in the usual care (blue line) and intervention 
(red line) phases from 0 month to 6 months and 6 months to 18 months from 
their first weight regardless of whether they received discernable weight-related 
care in the ITT sample (a), and who received weight-related care in the usual 
care (blue line) 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 intervals in gray.
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trial provides externally valid evidence17,18 that subtle changes to the 
core medical care process can favorably impact the population weight 
trajectory in a way that may be more sustainable. PATHWEIGH was 
successfully implemented 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 m2 did not receive 
discernable care for their weight.

Of the eligible patients, 25% received some discernable care for 
their weight at least once during the trial. Most care remained limited, 
presumably, to advice for lifestyle modification (not captured in this 
trial) as referrals, 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 intervention19,20, 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.

Motivating change in medical practice is notoriously challenging21,22.  
Considerable literature 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 outcomes23,24. Indeed, clinician educa-
tion on best practices for obesity management and training on the use 
of PATHWEIGH as a care process resulted in the greatest engagement 
with the clinics. Hence, it is 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 interpreted in 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 design resulted in random interruption in patients’ 
weight trajectories, the timing of changes in unmeasured factors, such 
as the 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 gain was comparable 
during versus before the pandemic25; however, speculation exists that 
the disproportionate mortality rate from COVID-19 in people with obe-
sity is responsible for the small decrease in the prevalence in obesity in 
the USA from 2017–2020 to 2021–202326,27 masking continued trends in 
population weight gain. Similarly, secular trends in 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 

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 
n = 103,240

Usual care 
n = 35,505

Intervention 
n = 66,055

Both phases 
n = 44,215

Usual care 
n = 6,267

Intervention 
n = 18,900

Referral to bariatric surgery 87 (0.1%) 45 (0.1%) 71 (0.1%) 669 (1.5%) 122 (1.9%) 345 (1.8%)

Referral to behavioral health 3,187 (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%) 2,133 (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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Fig. 3 | Clinic engagement. Percentage of the 56 clinics that participated in each 
implementation activity. WOF training, World Obesity Federation SCOPE training.
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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 successfully implemented across 
56 clinics in 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 
when they received care. The results show how conventional workflows 
and existing resources can be optimized to improve patient outcomes 
at scale.

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 trial28 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 
geographical location of the clinic (rural versus urban or suburban)29. 
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 clusters4. All clinics were unaware of their 
randomized sequence assignment until 3 months before the imple-
mentation of the intervention; at that point, staff were informed 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 via the 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 m2 and were seen and weighed in one of the clinics 
by a primary care clinician with a national provider identifier between 
17 March 2020 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 
excluded if they were suspected to be erroneous (height < 135 cm and 
>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 seen in the 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 from informed consent and approved by the Colorado Multiple 
Institutional Review Board, including a waiver of informed consent, 
and the full protocol has been published29. No patient was ‘recruited’ 
or experienced their care as part of research.

Trial intervention
The trial intervention included a bundle 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 from in-
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 first identified 
as receiving 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-
jectories in the intervention 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 
weight in a 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, a P value threshold of 0.01 was used to account for 
Bonferroni adjustments. GEE logistic models were used to examine the 
proportion of patients who received discernable care for their weight 
in the usual care and/or intervention phases, accounting for multiple 
patient-level observations.

The linear 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-
els adjusted 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 data have not been placed 
in a public repository. De-identified data may be shared upon request. 
The protocol has been previously published29.
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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) 

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 
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 intervals in gray.
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Extended Data Fig. 3 | Goodness-of-fit (residual vs. fitted values) for observed vs predicted values in the subgroups of eligible patients who did not (0) vs. did  
(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
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Extended Data Table 2 | Operationalized definition of the Edmonton Obesity Staging System
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Extended Data Table 3 | Weight-related comorbidities
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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)
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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)
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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
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