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1.0 Additional participant information 
1.1 Sample size determination
The current manuscript focused on intervention effects on neuronal response during a delay discounting (DD) task, which was a secondary outcome measure in the study (NCT02047721). Cohort size was determined with regards to the primary outcome for the study, which was change in the effect of a meal on insula response to visual food cues as measured by fMRI after an exercise as compared to a diet intervention. 

1.2 Study exclusion criteria
Participants were excluded from study participation if they met any of the following: history of cardiovascular disease or diabetes mellitus; uncontrolled hypertension; untreated thyroid disease, renal disease, hepatic disease, or any other medical condition affecting weight or energy metabolism; history of bariatric surgery; treatment with medications affecting weight, energy intake, or energy expenditure within the last 6 months; current smoker; currently pregnant/lactating, <6 months postpartum, or <3 months post-lactation; self-reported major psychiatric disorder or alcohol/substance use disorder; current depression per medical history and/or a score >21 on the Center for Epidemiologic Studies Depression Scale-Revised (CESD-R) (Eaton et al., 2004); history of eating disorder or score >20 on the Eating Attitudes Test (EAT-26) (Garner et al., 1982); wide-ranging food restrictions (e.g., adhering to vegan diet) and/or dietary restrictions that the Clinical and Translational Research Center (CTRC) metabolic kitchen would be unable to accommodate; inability to effectively exercise due to cardiac, pulmonary, neurologic, or orthopedic reasons; inability to pass a graded exercise treadmill test at screening; MRI contraindications (e.g., weight >500 lbs, claustrophobia, metal in the body). 

2.0 Additional study procedure details
After consent and screening procedures, body composition was measured using dual-energy x-ray absorptiometry (DXA; Discovery W, Hologic, Inc., Marlborough, MA) within 2-3 weeks before the baseline fMRI study day. Height was assessed using a wall-mounted stadiometer. As noted in the main text, participants completed a three-day, macronutrient-controlled eucaloric run-in diet immediately prior to the baseline fMRI study day. This was provided by the CTRC metabolic kitchen, with total daily energy requirements for the diet determined based on the following equation: (23.9 x FFM) + 372 x 1.4 (Wyatt et al., 2008).

3.0 Additional intervention details 
3.1 Exercise
Those assigned to the exercise intervention were asked to complete aerobic exercise sessions (motor driven treadmill) at least 4 times per week for 12 weeks at the University of Colorado Anschutz Health and Wellness Center (AHWC) fitness facility. Alternative aerobic activities (e.g., elliptical, stationary bike) were permitted for up to 20% of sessions. Participants were provided with a Technogym Wellness System Key (Technogym USA Corporation, Seattle, WA) to track exercise sessions, which were completed using Technogym aerobic exercise equipment at the AHWC. The first session was supervised by research staff and participants met with a research assistant weekly to enhance compliance. Participants were instructed not to exercise in the 24 hours prior to the post-intervention fMRI study day, to avoid acute exercise effects. 

3.2 Diet
The diet intervention curriculum was based on a standard behavioral weight-loss program developed by AHWC clinicians (Wyatt et al., 2008) and included topics such as self-monitoring, reading food labels, meal planning, and dining at restaurants. Depending on the topic and level of participant engagement, sessions varied between 15-60 min. Participants used the MyFitnessPal application (www.myfitnesspal.com) to support daily food intake self-monitoring. They shared MyFitnessPal results for review and feedback at their weekly instructional meetings. 

4.0 MRI data acquisition and processing
4.1 MRI data acquisition
A T1-weighted (T1w) magnetization-prepared rapid acquisition gradient-echo (MPRAGE) anatomical image was collected on 26 participants (TR = 2300ms; TE = 3.01ms; TI = 900ms; flip angle = 9; field of view = 240mm2; voxel size = 0.94mm2; number of slices = 224; slice thickness = 0.9mm; gap = 0). The T1 anatomical image collected on the remaining 14 participants had slight variations from these parameters due to operator error (12 participants: TR = 2300ms; TE = 2.06ms; TI = 900ms; flip angle = 8; field of view = 220mm2; voxel size = 0.86m2; number of slices = 176; slice thickness = 1.2mm; gap = 0; 2 participants: TR = 2300ms; TE = 2.06ms; TI = 900ms; flip angle = 8; field of view = 220mm2; voxel size = 0.86mm2; number of slices = 192; slice thickness = 0.9mm; gap = 0). Only the T1 structural image from the pre-intervention fasted scan was used for subsequent processing (i.e., co-registration and normalization of functional data). Anatomical images were not analyzed as an outcome in this study. Functional images were acquired with an echo planar T2* blood oxygen level dependent (BOLD) sequence (TR = 2000ms; TE = 30ms; flip angle = 70; field of view = 220mm2; voxel size = 3.44mm2; slice thickness = 2.6mm; gap = 1.4mm; 32 slices angled parallel to the planum sphenoidale). 

4.2 Delay discounting task: additional details
As noted in the main text, intertemporal choice behavior was assessed using a monetary DD task used in the present study has been previously described by Claus et al. (2011; see Figure 1 in the main text). To balance trial variability, the task incorporated three levels of potential reward magnitude (small: $45-$55, medium: $450-$550, and large: $900-$1,100), three levels of time for sooner reward choice (today, 2 weeks, 1 month), and two levels of time separating sooner and delayed choices (2 weeks, 1 month). All choice options were hypothetical and customized based on each participant’s estimated discounting parameter (k) and reversal point collected during a brief practice session prior to the scan. Trials that presented immediate rewards within 5% of the predicted reversal point were considered more difficult. The task was designed to bias participants toward selecting “Sooner” and “Later” responses in both the Easy and Difficult conditions to keep each condition balanced. The bias estimates used in the present study were 1.3=bias Easy Sooner, 1.05=bias Difficult Sooner, 0.7=bias Easy Later, and 0.95=bias Difficult Later. In instances which participant selections deviated from the designated condition, the bias values were subsequently adjusted. During each scan, participants completed 18 Easy trials and 18 Difficult trials, for a total of 36 trials. A fixation cross was displayed in the center of the screen between trials and interstimulus intervals were varied (2-14 s). Trials were split across two ~6 min runs with a short rest period (~1 min) in between to combat fatigue. 

4.3 fMRI pre-processing details
Imaging data included in this manuscript were preprocessed using fMRIPrep 22.0.2 (Esteban et al., 2019; Esteban et al., 2022), which is based on Nipype 1.8.5 (Gorgolewski et al., 2011; Gorgolewski et al., 2018) and uses Nilearn 0.9.1 (Abraham et al., 2014).
The T1w image was corrected for intensity non-uniformity with N4BiasFieldCorrection (Tustison et al. 2010), distributed with ANTs 2.3.3 (Avants et al., 2008), and used as T1w-reference throughout the workflow. The T1w-reference was then skull-stripped with a Nipype implementation of the antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTs as target template. Brain tissue segmentation of cerebrospinal fluid, white matter, and gray matter was performed on the brain-extracted T1w using fast (FSL 6.0.5.1, Zhang et al., 2001). Brain surfaces were reconstructed using recon-all (FreeSurfer 7.2.0, Dale et al., 1999), and the brain mask estimated previously was refined with a custom variation of the method to reconcile ANTs-derived and FreeSurfer-derived segmentations of the cortical gray-matter of Mindboggle (Klein et al., 2017). Volume-based spatial normalization to standard space (FSL’s MNI ICBM 152 non-linear 6th Generation Asymmetric Average Brain Stereotaxic Registration Mode [MNI152NLin6Asym]) (Evans et al., 2012) was performed through nonlinear registration with antsRegistration (ANTs 2.3.3), using brain-extracted versions of both T1w reference and the T1w template. 
For each of the 8 BOLD runs found per subject (2 task runs at 4 scan sessions), the following preprocessing was performed. First, a reference volume and its skull-stripped version were generated using a custom methodology of fMRIPrep. Head motion parameters with respect to the BOLD reference (transformation matrices, and six corresponding rotation and translation parameters) were estimated before any spatiotemporal filtering using mcflirt (FSL 6.0.5.1) (Jenkinson et al., 2002). The BOLD time-series were resampled onto their original, native space by applying the transforms to correct for head motion. These resampled BOLD time-series will be referred to as preprocessed BOLD in original space, or just preprocessed BOLD. The BOLD reference was then co-registered to the T1w reference using bbregister (FreeSurfer) which implements boundary-based registration (Greve & Fischl, 2009). Co-registration was configured with six degrees of freedom. Framewise displacement was computed following Power et al. (2014) (absolute sum of relative motions) for each functional run using the implementations in Nipype. The BOLD time-series were resampled into standard space, generating a preprocessed BOLD run in MNI152NLin6Asym space. First, a reference volume and its skull-stripped version were generated using a custom methodology of fMRIPrep. Gridded (volumetric) resamplings were performed using antsApplyTransforms (ANTs), configured with Lanczos interpolation to minimize the smoothing effects of other kernels (Lanczos, 1964). 
Additional preprocessing involved spatially smoothing the BOLD time series with a 6 mm full width at half maximum Gaussian kernel. Temporal filtering was applied using a 128 s high-pass filter. First-level models included separate regressors for each of the four task conditions (Easy Sooner, Difficult Sooner, Easy Later, Difficult Later), convolved with the canonical hemodynamic response and six motion parameters as regressors of non-interest. Trials missing a response were not modeled, but number of trials in each condition did not differ by group at any timepoint (p>0.05).


5.0 Results from analyses excluding outliers

5.1 Intervention effects on DD propensity (ln[k]) excluding outlier

One outlier from the exercise group at baseline, identified via Grubbs’ test (Grubbs, 1969), was removed prior to this analysis. As noted in the main text, there remained a significant effect of session on ln(k) (=-0.25, t[111]=-2.75, p=0.007) and the group*session interaction was significant upon removal of the outlier (=0.34, t[113]=2.67, p=0.009). We still did not observe a significant main effect of group (=-0.08, t[56]=-0.59, p=0.559). Post-hoc tests with the outlier excluded suggest the interaction effect was driven by decreased ln(k) within the diet group (t[114]=-2.75, corrected p [pcorr]=0.035) rather than the exercise group (t[118]=1.02, pcorr= 0.741).  Consistent with the main findings (see main text), exploratory satiety-state-specific analyses without the outlier did not reveal any significant effects (ps>0.083).

5.2 Intervention effects on mean percent signal change (PSC) in brain regions of interest excluding outlier
One outlier from the diet group at baseline was removed prior to repeating analyses for anterior cingulate cortex (ACC) and medial prefrontal cortex (mPFC). No significant outliers for the left or right anterior insula (AI) were observed. Upon removing the outlier, the group*session interaction observed in ACC (see main text) did not survive corrections for multiple comparisons, but still trended toward significance (=0.19, t[116]=2.14, p=0.035). As in the primary analysis (see main text), no significant effects of session (=0, t[116]=-0.06, p=0.953) or group (=0.13, t[57]=1.21, p=0.232) were observed. Also consistent with the main findings, exploratory satiety-state-specific analyses identified a trending group*session interaction in the fed state (=0.22, t[37]=1.92, p=0.062) but not the fasted state (=0.03, t[38]=0.24, p=0.810).
The group*session interaction effect in (mPFC) still trended toward significance (as described in the main text) after outlier removal (=0.14, t[113]=1.86, p=0.066). As in the primary analysis (see main text), no significant effects of session (=0.05, t[113]=0.91, p=0.363) or group (=0.07, t[47]=0.60, p=0.554) were observed. 

6.0 Region of interest masks
Masks of the a priori regions of interest (ROIs) were derived from the maximum probabilistic map from the Brainnetome atlas (Fan et al., 2016). The mPFC mask included bilateral medial area 9 of the frontal gyrus (BN 11-12). The ACC mask was comprised of the bilateral pregenual area of the cingulate gyrus (BN 179-180). Finally, the AI masks included the ventral and dorsal agranular insula (Left: BN 165 and BN 167; Right: BN 166 and BN 168). ROI masks are shown in Figure S2.

7.0 Cluster correction for whole-brain analyses (additional details)
This analysis was conducted within a 50% probabilistic gray matter mask. The AFNI program 3dClustSim with the spatial autocorrelation function (acf) option was used to control for multiple comparisons and identify cluster thresholds for the gray matter mask. At a voxelwise threshold of p<0.005 and cluster-size corrected alpha=0.05, cluster threshold was determined to be 45 voxels.
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Supplemental Tables
	
Table S1. Results from the linear mixed effects model (LME) examining intervention effects (Session: baseline vs. post-intervention; Group: exercise n=21 vs. diet n=19) on ln(k) in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	-0.28
	0.15
	-1.79 (37)
	0.081

	Group
	-0.13
	0.28
	-0.47 (50)
	0.638

	Session*Group
	0.32
	0.21
	1.49 (37)
	0.144




	Table S2. Results from the LME examining intervention effects on ln(k) in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	-0.03
	0.17
	-0.15 (37)
	0.878

	Group
	-0.16
	0.34
	-0.48 (49)
	0.633

	Session*Group
	0.09
	0.24
	0.35 (37)
	0.726




	Table S3. Results from the LME examining intervention effects on RT in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	-106.63
	51.27
	-2.08 (38)
	0.044

	Group
	69.84
	87.66
	0.80 (52)
	0.429

	Session*Group
	-4.30
	70.75
	-0.06 (38)
	0.952


Note. Significant p-values are denoted in bold font.


	Table S4. Results from the LME examining intervention effects on RT in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	9.67
	48.58
	0.20 (38)
	0.843

	Group
	137.43
	94.79
	1.45 (49)
	0.154

	Session*Group
	-68.54
	67.05
	-1.02 (38)
	0.313




	Table S5. Results from the LME examining intervention effects on anterior cingulate cortex (ACC) percent signal change (PSC) in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	-0.02
	0.09
	-0.28 (38)
	0.780

	Group
	-0.01
	0.09
	-0.14 (73)
	0.888

	Session*Group
	0.00
	0.12
	0.00 (38)
	0.997



	Table S6. Results from the LME examining intervention effects on ACC PSC in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.11
	0.11
	1.08 (38)
	0.288

	Group
	-0.01
	0.11
	-0.09 (75)
	0.927

	Session*Group
	-0.31
	0.15
	-2.12 (38)
	0.041


Note. Significant p-values are denoted in bold font.


	Table S7. Results from the LME examining intervention effects on medial prefrontal cortex (mPFC) PSC in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0
	0.08
	-0.05 (38)
	0.963

	Group
	-0.08
	0.08
	-0.99 (71)
	0.328

	Session*Group
	0.01
	0.1
	0.09 (38)
	0.926




	Table S8. Results from the LME examining intervention effects on mPFC PSC in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.10
	0.10
	0.98 (38)
	0.333

	Group
	-0.01
	0.10
	-0.15 (75)
	0.881

	Session*Group
	-0.27
	0.13
	-1.97 (38)
	0.056




	Table S9. Results from the LME examining intervention effects on left anterior insula (AI) PSC in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.00
	0.07
	0.00 (38)
	1.000

	Group
	-0.15
	0.08
	-1.92 (73)
	0.058

	Session*Group
	0.05
	0.10
	0.48 (38)
	0.637




	Table S10. Results from the LME examining intervention effects on left AI PSC in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.05
	0.08
	0.54 (38)
	0.595

	Group
	-0.10
	0.09
	-1.14 (74)
	0.257

	Session*Group
	-0.12
	0.12
	-1.05 (38)
	0.301






	Table S11. Results from the LME examining intervention effects on right AI PSC in the fasted state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.01
	0.07
	0.14 (38)
	0.887

	Group
	-0.08
	0.08
	-1.09 (70)
	0.280

	Session*Group
	-0.02
	0.09
	-0.19 (38)
	0.854




	Table S12. Results from the LME examining intervention effects on right AI PSC in the fed state.

	Predictor
	β
	SE
	t (df)
	p

	Session
	0.05
	0.09
	0.57 (38)
	0.572

	Group
	-0.11
	0.10
	-1.07 (70)
	0.289

	Session*Group
	-0.14
	0.12
	-1.16 (38)
	0.254




Supplemental Figures
Figure S1. Diagram depicting the flow of participants through each stage of the randomized trial. The final analyzed sample for this study included 40 participants.
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Figure S2. Masks used for the region of interest analyses, derived from the Brainnetome atlas (Fan et al., 2016). Masks are shown in the neurological convention (left hemisphere on the left).
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