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1. Eligibility and exclusion criteria
Patients aged 18 years or older undergoing primary or conversion metabolic and bariatric surgery were eligible. Eligibility followed the Malaysian clinical practice guidelines: body mass index (BMI) 37.5 kg/m² or above irrespective of associated medical problems, or 32.5 kg/m² or above with type 2 diabetes mellitus, hypertension, obstructive sleep apnea, dyslipidemia, or another obesity-related condition. All patients completed multidisciplinary surgical, dietetic, anesthetic, and psychological assessment with endoscopy and biochemical and cardiorespiratory screening. Patients with a medical condition precluding general anesthesia were excluded. Criteria remained unchanged throughout the study period. Conversions were undertaken for recurrent weight gain, suboptimal clinical response, or refractory gastroesophageal reflux; all were sleeve-to-Roux-en-Y gastric bypass conversions. Eligibility for the matched analysis additionally required a procedure and conversion category represented in the robotic cohort, complete baseline matching variables, and a clinically measured 12-month weight within ±3 months of the anniversary in both approaches. Missing values were not imputed.

2. Surgical technique
Technique was standardized across both approaches. The sleeve-plus category comprised SADJB, SASJB, and PJB, combining sleeve gastrectomy with an intestinal bypass [S1,S6]. SADJB and SASJB followed the published loop duodenojejunal and single-anastomosis sleeve jejunal configurations, respectively [S2, S3]. Dissection used ultrasonic shears, and anastomoses were linear-stapled except the SADJB anastomosis, which was hand-sewn. For Roux-en-Y gastric bypass the biliopancreatic limb measured 150 cm and the alimentary limb 50 cm, a deliberate long-biliopancreatic-limb configuration; for one-anastomosis gastric bypass, SADJB, and SASJB the bypassed limb measured 180 cm. Operative steps and perioperative care were otherwise identical between approaches.
PJB followed Alamo’s sleeve gastrectomy with jejunal bypass technique [S4,S5]. The jejunum was divided 20 cm distal to the duodenojejunal flexure. The proximal jejunal limb was anastomosed side-to-side to the distal jejunum 300 cm beyond the point of division, leaving the intervening 300-cm segment excluded from alimentary transit.
Staple lines were reinforced in every procedure in both arms. All stapling was performed with laparoscopic staplers; robotic SureForm staplers were not used.

3. Outcome definitions
Leak was radiologic, endoscopic, or operative confirmation of an anastomotic or staple-line defect within 30 days. Postoperative bleeding was clinically diagnosed bleeding requiring transfusion, readmission, intervention, or reoperation. Readmission was an unplanned all-cause admission and reoperation an unplanned return to the operating room, both within 30 days. Endoscopic and radiologic interventions were recorded as interventions, not reoperations. Complications were graded by the Clavien-Dindo classification, grades III-V defined as major, all assessed within 30 days. Twelve-month weights were measured by clinical staff on calibrated scales within ±3 months of the 12-month anniversary; no self-reported weights were used. Follow-up data were locked in April 2025, after the latest permissible window had closed for the final patient, and missing values were not imputed.

4. Segmented-regression specification and sensitivity models
The primary model was a continuous one-breakpoint segmented linear regression of total operative time on chronological case number, entered continuously from 1 to 58 and unadjusted for procedure type, since the objective was the overall single-surgeon trajectory. The breakpoint was estimated by profiling the residual sum of squares over candidate values, and the Davies test statistic was taken as the maximized absolute t statistic for the change-in-slope coefficient across candidate breakpoints 8 to 50, with the Davies upper bound used for the P value. Confidence intervals for the breakpoint and for both segment slopes are percentile intervals from 2,000 residual bootstrap resamples.

Two post hoc sensitivity models were fitted. The first excluded the six sleeve gastrectomy cases; original chronological case numbers were retained rather than renumbering the remaining 52 cases, so that the estimated breakpoint remains on the original case scale and is directly comparable with the primary model. The second added fixed effects for procedure type (three indicator terms with sleeve gastrectomy as reference) and conversion status to the segmented model. Results appear in Table S1.

Residual BMI imbalance was explored with linear mixed-effects models of the form outcome ~ approach + BMI + (1 | matched pair), fitted by restricted maximum likelihood, with denominator degrees of freedom by Satterthwaite approximation. Component (docking and console) times were available for 44 of 58 cases; missing values were not imputed and no component model was fitted.

Analyses used SPSS 29.0 (IBM Corp., Armonk, NY, USA) and R 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria) with the segmented, MatchIt, lme4, and lmerTest packages. The bootstrap used a fixed random seed (2024).
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Table S1. Segmented-regression models of robotic operative time
	Model
	n
	Breakpoint (95% CI)
	Pre-breakpoint slope (95% CI)
	Post-breakpoint slope (95% CI)
	Change in slope (95% CI)
	Davies statistic
	P

	Primary, unadjusted
	58
	31.9 (26.4-37.2)
	-3.2 (-3.8 to -2.8)
	-0.3 (-0.9 to 0.6)
	3.0 (2.3-3.8)
	7.53
	<0.001

	Excluding SG
	52
	31.0 (24.1-37.0)
	-3.2 (-3.9 to -2.7)
	-0.3 (-0.9 to 0.6)
	2.9 (2.2-3.8)
	6.76
	<0.001

	Adjusted for procedure and conversion status
	58
	34.0 (28.9-39.6)
	-3.1 (-3.6 to -2.6)
	-0.1 (-0.7 to 0.9)
	3.0 (2.3-4.0)
	6.83
	<0.001


CI, confidence interval; SG, sleeve gastrectomy. Slopes and the change in slope are in minutes per case. Case number was entered continuously from 1 to 58; original chronological case numbers were retained when sleeve gastrectomy cases were excluded. Confidence intervals are percentile intervals from 2,000 residual bootstrap resamples. The Davies statistic is the maximized absolute t statistic for the change in slope over candidate breakpoints 8-50; P values are Davies upper bounds. The post-breakpoint interval includes zero in every model.

Table S2 (a). Operative-time summaries by learning-curve phase
	Measure
	Cases 1-31
	Cases 32-58

	n
	31
	27

	Mean, min
	208
	154

	Median (IQR), min
	203 (185-232)
	152 (143-159)

	Range, min
	152-300
	130-181


IQR, interquartile range. Phases are defined by the estimated breakpoint at case 31.9. Quartiles use the Hyndman-Fan type 6 estimator.


Table S2 (b). Operative-time components, early versus later implementation
	Component
	Cases 1-25
	Cases 26-58

	Complete component data, n/N
	25/25
	19/33

	Docking time, median (IQR), min
	8 (6-10)
	6 (5-8)

	Console time, median (IQR), min
	180 (165-198)
	136 (125-150)


IQR, interquartile range. These periods represent a descriptive early-versus-later implementation comparison and are not the breakpoint-defined phases used for the primary learning-curve summaries. Analyses were restricted to cases with both docking and console times available; missing values were not imputed. Undocking time was not systematically recorded.


Table S3. Post hoc BMI-adjusted sensitivity analysis of operative time
	Outcome
	Unadjusted estimate (95% CI)
	P
	BMI-adjusted estimate (95% CI)
	P

	Operative-time difference, min
	56 (50-62)
	<0.001
	55 (49-61)
	<0.001


CI, confidence interval. Estimates are robotic minus laparoscopic. Linear mixed-effects models included a random intercept for matched pair and a fixed effect for surgical approach; the adjusted model additionally included baseline body mass index. The primary operative-time analysis in Table 2 used the non-parametric Hodges-Lehmann estimator and therefore gives a slightly different estimate of 54 minutes. The 12-month weight-loss comparison is reported in Table 4 of the main text.


Table S4. Post hoc sex-based analysis of matched outcomes
	Outcome
	Male pairs (n=14)
	Female pairs (n=36)

	Operative time, median (IQR), min
	
	

	Robotic
	178 (158–214)
	173 (152–204)

	Laparoscopic
	130 (118–148)
	118 (104–140)

	Paired difference (R–L), HL estimate (95% exact CI)
	48 (32 to 70)
	56 (48 to 67)

	
12-month %TWL, mean ± SD
	
	

	Robotic
	31.2 ± 7.8
	32.0 ± 7.6

	Laparoscopic
	31.1 ± 8.0
	31.6 ± 7.5

	Paired difference (R–L), mean (95% CI)
	0.1 (−3.6 to 3.8)
	0.4 (−2.3 to 3.1)

	
Major complications, n (%)
	
	

	Robotic
	0 (0%)
	1 (2.8%)

	Laparoscopic
	1 (7.1%)
	1 (2.8%)

	Paired risk difference, percentage points
	−7.1
	0


IQR, interquartile range; HL, Hodges–Lehmann location-shift estimate; SD, standard deviation; %TWL, percentage total weight loss. All 50 matched pairs were sex-concordant; values are shown separately for the 14 male and 36 female pairs. Paired differences are robotic minus laparoscopic. Operative-time differences are Hodges–Lehmann estimates with exact confidence intervals from Walsh averages, as in Table 2; %TWL differences are paired mean differences with t-distribution confidence intervals, as in Table 4. Confidence intervals are not shown for the complication rows because events were too few. No subgroup or interaction testing was performed: the study was neither designed nor powered to detect effect modification by sex, and these analyses are post hoc and exploratory.
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