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Abstract 

Background: Chronic pain is one of the most common reasons for medicinal cannabis use, yet 

the neural mechanisms underlying cannabis-related modulation of pain remain poorly 

understood. Both pain and cannabis use independently alter functional connectivity within the 

brain’s default mode network (DMN) that modulate interoception and self-referential aspects of 

pain processing. The goal of this study was to examine the interaction between pain and cannabis 

use on DMN connectivity. Methods: We measured DMN resting state fMRI functional 

connectivity (rsFC), past year pain frequency, and cannabis use measures (i.e., grams per day, 

days a week, years of regular use) from 119 adults who use cannabis near-daily (68 men; Mage= 

22.66, SE= .31). Generalized linear models were used to test the main effects and interactions of 

pain frequency and cannabis use variables. Results: Results indicated significant interactions 

between pain and cannabis use where more frequent pain was (1) negatively associated with 

weekly use or years of use in l-IPL-PCC and r-IPL-PCC rsFC, (2) whereas it was positively 

associated with daily grams of cannabis in l-IPL-r-IPL rsFC and r-IPL-PCC rsFC (BH-FDR-

corrected p< .05). Conclusions: First, these findings demonstrate that pain frequency is a key 

context shaping the neurobiological correlates of exposure to cannabis. Second, divergent 

interaction effects suggest that, in the context of more frequent pain, cannabis use may relate to 

rsFC through distinct neural processes that depend on cumulative vs. proximal effects. 
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Introduction 

 

Chronic pain is one of the most common reasons for medicinal cannabis use  (1,2). Those 

who use cannabis to alleviate pain symptoms show greater escalation of use over time compared 

to those who use cannabis for other symptoms, such as insomnia, depression, or anxiety (1). This 

escalation of cannabis use among those with chronic pain confers an elevated risk for developing 

a cannabis use disorder (CUD) (2). Given the high prevalence of medicinal use, the propensity 

for increasing use, and the heightened vulnerability for CUD in those with chronic pain, there is 

a critical need to examine how pain-related cannabis use influences pain-regulating brain 

networks.  

The sensory, affective, and cognitive dimensions of pain are regulated across the primary 

and secondary somatosensory cortices, insula, cingulate cortex, thalamus, amygdala, 

orbitofrontal cortex, and prefrontal regions (3–5). The brain exerts top-down control of pain via 

descending analgesic systems that involve the periaqueductal gray (PAG) nucleus raphe magnus 

(NRM), which inhibits pain transmission in the spinal dorsal horn (6). These cortical and 

subcortical pain-modulating brain regions are functionally integrated within resting-state brain 

networks (RSNs) such as the default mode network (DMN), which plays a key role in mediating 

nociceptive processing and subjective pain experience (7).  

Chronic pain has been reported to weaken rsFC between the posterior cingulate cortex 

(PCC) and medial prefrontal cortex (mPFC) as well as between PCC and inferior parietal lobes 

(IPL) (8,9). This reduction in rsFC has been related to maladaptive self-referential processing, 

rumination about pain, and difficulties disengaging attention from pain (10). Reduced DMN 

rsFC also relates to clinical measures of chronic pain such as higher subjective pain ratings, 
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reporting more frequent pain, and more years of experiencing pain (11,12). These findings 

suggest that chronic pain contributes to an intricate dysregulation of top-down pain-modulatory 

systems, which influence the degree of perceived pain (9,10). Similarly, cannabis use has been 

related to alterations to DMN rsFC that may moderate pain signaling. Studies have shown that 

frequency (>40 past year uses) and duration of cannabis use (i.e., 500+ lifetime uses) reduce 

DMN rsFC (13–16). Neuroimaging studies show that chronic cannabis use reduces CB1 receptor 

availability within DMN regions (17,18). CB1 receptors regulate presynaptic release of 

glutamate and GABA and are critical for maintaining the excitation-inhibition synchrony (19). 

Alterations to these neuromodulatory systems may indirectly influence DMN coherence by 

shifting the balance between internally and externally oriented cognitive states. Over time, such 

shifts may promote DMN alterations characterized by weaker integration between posterior 

regions and resemble connectivity patterns that are similar to those with chronic pain (9). Thus, it 

is possible that cannabis may worsen chronic pain through the dysregulation of top-down pain 

regulatory processes via decreased DMN connectivity.  

Our review of the literature suggests that ongoing pain and cannabis use independently 

reduce rsFC between DMN regions that are implicated in pain regulatory processes, but how 

they potentially interact has not yet been examined. This study addressed this gap by examining 

whether the experience of pain and cannabis use interact to predict rsFC within the DMN. We 

hypothesized that pain would moderate the relationship between cannabis use on DMN rsFC, 

such that greater pain frequency and heavy, prolonged cannabis use would be associated with 

greater DMN rsFC reductions. 
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Methods 

 

The Institutional Review Board of the University of Texas at Dallas and the Department 

of Psychology of the University of Amsterdam ethics committee approved this study.  

 

Participants 

Participants were recruited for a study that examined the neurocognitive effects of 

cannabis in a cross-cultural sample of adults (20–22). A total of 133 adults who use cannabis 

near-daily were from two study sites located in Dallas, Texas (n = 75) and the Netherlands (n = 

59).  

 

Behavioral Measures 

Pain frequency was assessed using a single item from the Self-rated Level 1 cross-cutting 

Symptom Measure (23) that asked, “During the past year, how much (or how often) have you 

been bothered by unexplained aches and pains (e.g., head, back, joints, abdomen, legs)?”. 

Participants answered using the following responses: never, sometime, half the time, most of the 

time, or all of the time. Cannabis use was measured as grams used per day, days a week of use, 

and years of weekly use, which were derived from the Substance Use History Questionnaire 

(SUHQ) (24). 
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Resting State fMRI (rsfMRI) Scan Acquisition and Processing 

High-resolution structural MRI scans were collected using the following parameters: T1 

fast field echo; TR = 8.3 s, TE = 3.9 ms, 220 slices, 1 mm slice thickness, FOV = 240 × 188 × 

220 mm, 1 × 1 mm voxel size, and a flip angle of 8°. rsfMRI scans were collected with eyes 

closed using T2* single-shot multiband-accelerated EPI sequence with the following parameters: 

TR = 0.55 s, TE = 30 ms, with 36 slices, 3 mm slice thickness and a 0.3 mm gap, FOV =  240 × 

240 × 118.5 mm, 3 × 3 mm voxel size, and a flip angle of 55°. 

 Region-of-interest (ROI)-to-ROI connectivity values were extracted based on predefined 

atlas parcellations available within CONN for four DMN regions: mPFC (0, 52, -2), PCC (MNI: 

0, -52, 26), l-IPL (-50, -63, 32), and the r-IPL (50, -63, 32). Functional connectivity between 

DMN regions was computed using Fisher Z-transformed bivariate correlation coefficients, and 

connectivity strength was indexed via beta weights derived from first-level general linear models 

(GLMs) using the CONN toolbox (25). This resulted in 6 rsFC scores as outcome measures.  

 

Statistical Analysis 

Generalized linear models (GLM) are appropriate for modeling continuous neuroimaging 

outcomes and allow flexible specification of interactions between categorical and continuous 

predictors (25). We computed GLMs using likelihood ratio tests and Type III Wald χ² statistics 

to evaluate the significance of main effects and the interaction terms of pain frequency and 

cannabis use measures. To address imbalances across categorical pain frequencies and to provide 

stable parameter estimations, those reporting pain “half the time”, “most of the time”, or “all of 

the time” were collapsed into a single group that is consistent with standardized categorical 

indices of pain frequency (i.e., high vs. low) (26). Thus, pain frequency was entered as a three-
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level categorical factor (i.e., none: n=49; sometimes: n= 48; ≥ half the time: n=22). Cannabis use 

behaviors were included as continuous predictors given evidence that dose, frequency, and 

duration of cannabis exposure are associated with DMN connectivity (19,21). The interaction 

term between pain frequency and cannabis use behaviors was modeled to determine whether 

there were any cannabis-related alterations to rsFC strength and if these alterations were 

amplified from higher levels of pain. Age, gender, and study site (i.e., Netherlands vs. United 

States) were included as covariates of no interest. 

To reduce Type I error, main effects and interactions were deemed significant if: (1) 

omnibus likelihood ratio tests indicated our model significantly predicted rsFC strength better 

than chance (p< .05), (2) overall predictor Wald statistic was significant (p<.05), (3) Type III 

effect p-values survived Benjamini-Hochberg (BH) FDR correction, and (4) conditional 

parameter estimates did not contain zero within the 95% confidence interval (27). We limited the 

number of models by including all cannabis use variables in each rsFC-strength model, thereby 

reducing the number of statistical tests and resulting in 6 GLMs.  

The main effects of cannabis use behaviors (i.e., daily grams used, days of use per week, 

and years of weekly cannabis use) represent the association between cannabis use and rsFC 

strength within solely the “no pain” frequency. Moreover, the “no pain” frequency served as the 

reference slope for assessing the main effects of pain frequency and represented as the 

differences between “no pain” rsFC strength and the “sometimes” and “≥ half the time” pain 

frequencies, independent of the effects of cannabis. These effects are represented by the 

differences of rsFC strength. Lastly, the interaction coefficients indicated how much the 

cannabis-rsFC associations within the “sometimes” or “≥ half the time” pain frequencies differed 

from cannabis-rsFC associations with “no pain” (i.e., “no pain” main effects of cannabis). 
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Results 

 

Study participants 

Fourteen participants were excluded from the models due to missing cannabis use 

metrics, resulting in 119 individuals (68 men; Mage= 22.66, SE= .31) (see Table 1 for sample 

characteristics). Outliers, deemed as DMN ROI-ROI rsFC strength values ±3 SD from the grand 

mean, were excluded as they could bias the results (28) (see Table 2 for model inclusions).  

Omnibus likelihood ratio tests indicated that all but the mPFC-l-IPL rsFC model (χ²(14)= 21.18, 

p= .1) predicted DMN rsFC strength better than chance. Age, sex, and study site were not 

significantly associated with rsFC strength in any model (all p > .05) (see Table 3 for all results). 

 

Main effects of pain frequency on DMN rsFC 

Compared to “no pain”, increased pain frequency significantly predicted mPFC-r-IPL 

rsFC strength (Wald χ²(2)= 12.68, p< .01; Type III: BH-FDR p= .02), r-IPL-PCC rsFC strength 

(Wald χ²(2)= 14.06, p< .001; Type III BH-FDR p< .01), and l-IPL-PCC rsFC strength (Wald 

χ²(2)= 9.13, p= .01; Type III: BH-FDR p< .05). 

mPFC-r-IPL rsFC strength was significantly weaker for pain “sometimes” (B= -2.72, 

95% CI [-4.22, -1.22], p< .001), and for pain “≥ half the time” but not significant (B= -1.56, 95% 

CI [-3.87, .75], p= .19). Contrarily, r-IPL-PCC rsFC strength was stronger for the “≥ half the 

time” pain frequency (B= 2.86, 95% CI [.6, 5.11], p= .01), whereas pain “sometimes” showed 

weaker strength but not significant (B= -1.1, 95% CI [-2.44, .25], p= .11). Although pain 

frequency predicted l-IPL-PCC rsFC strength overall, there were no significant effects of pain 
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“sometimes” (B= -1.18, 95% CI [-2.59, .23], p= .1) or pain “ ≥ half-time” (B= 1.85, 95% CI [-

.39, 4.09], p= .11).  

No significant effects of pain frequency were observed for mPFC-l-IPL, mPFC-PCC, or l-IPL-r-

IPL rsFC (all p > .05). 

 

Main effects of cannabis use behaviors on DMN rsFC 

The days per week of cannabis use significantly predicted l-IPL-r-IPL rsFC (Wald χ²(1)= 

6.61, p= .01; Type III BH-FDR p= .04), l-IPL-PCC rsFC (Wald χ²(1)= 6.41, p= .01; Type III 

BH-FDR p< .05), and r-IPL-PCC rsFC (Wald χ²(1)= 8.51, p< .01; Type III BH-FDR p= .01).  

More days of weekly cannabis use was associated with weaker rsFC strength across these rsFC 

strengths but not significant (l-IPL-r-IPL: B= -.13, 95% CI [-.28, .03], p= .1; l-IPL-PCC: B= -.06, 

95% CI [-.25, .13], p= .57; r-IPL-PCC: B= -.05, 95% CI [-.12, .13], p= .57). 

Years of weekly use significantly predicted mPFC-PCC rsFC strength (Wald χ²(1)= 4.31, 

p= .04) with more years of weekly use associating with weaker mPFC-PCC rsFC (B= -.08, 95% 

CI [-.15, -.01], p= .04). However, the Type III effect did not survive BH-FDR corrections (p= 

.09). Years of weekly cannabis use also predicted l-IPL-r-IPL connectivity (Wald χ²(1)= 6.2, p= 

.01; Type III BH-FDR p= .04), and r-IPL-PCC connectivity (Wald χ²(1)= 12.78, p< .001; Type 

III BH-FDR p< .01). Longer durations of weekly cannabis use were associated with weaker rsFC 

strength for both, but these effects were not significant (l-IPL-r-IPL: B= -.04, 95% CI [-.09, .02], 

p= .17; r-IPL-PCC: B= -.05, 95% CI [-.12, .01], p= .12).  

Daily grams used significantly predicted l-IPL-r-IPL rsFC strength (Wald χ²(1)= 3.93, 

p<.05), such that more grams associated with weaker rsFC strength (B= -.08, 95% CI [-.16, -.01], 

p< .05), although the Type III effect did not survive BH-FDR corrections (BH-FDR p= .1)  
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No other cannabis use main effects significantly predicted rsFC strength (all p > .05). 

 

Cannabis x pain interaction in rsFC 

There were significant pain frequency x days a week interactions on l-IPL-PCC 

connectivity (Wald χ²(2)= 8.39, p= .02; Type III BH-FDR p< .05) and r-IPL-PCC connectivity 

(Wald χ²(2)= 8.67, p= .01; Type III BH-FDR p= .03). More days a week of use for pain “≥ half 

the time” was associated with weaker l-IPL-PCC rsFC (B= -.37, 95% CI [-.7, -.03], p= .03) and 

r-IPL-PCC rsFC (B= -.77, 95% CI [-.77, -.11], p= .01). However, this effect was not observed for 

pain “sometimes” (l-IPL-PCC: B= .09, 95% CI [-.14, .32], p= .09; r-IPL-PCC: B= .07, 95% CI [-

.15, 29], p= .52) (see Figures 1 and 2).  

Similarly, the pain frequency x years of weekly use interaction on r-IPL-PCC (Wald 

χ²(2)= 8.67, p= .01; Type III BH-FDR p= .03) indicated that more years of weekly use reduced r-

IPL-PCC rsFC for pain “≥ half the time” (B= -.17, 95% CI [-.3, -.04], p= .01), but not in pain 

“sometimes” (B= .02, 95% CI [-.06, .09], p= .66) (see Figure 3). 

There were significant interactions of pain frequency x daily grams on l-IPL-r-IPL rsFC 

(Wald χ²(2)= 13.66, p= .001; Type III BH-FDR p= .01) and r-IPL-PCC rsFC (Wald χ²(2)= 12.32, 

p< .001; Type III BH-FDR p< .01). Geater grams per day was associated with stronger l-IPL-r-

IPL rsFC for pain “≥ half the time” and “sometimes” (≥half the time: B= .27, 95% CI [.09, .46], 

p< .01; sometimes: B= .21, 95% CI [.06, .35], p= .01). More grams per day associated with 

significantly stronger r-IPL-PCC rsFC for pain “≥ half the time” (B= .38, 95% CI [.16, .6], p< 

.001), but not significantly stronger for pain “sometimes” (B= .12, 95% CI [-.05, .29], p= .16) 

(see Figure 4). 

No other significant interactions were found on the rsFC strengths.  
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Discussion 

 

We examined how pain frequency and cannabis use interact on rsFC strength within the 

DMN. Our findings showed that more frequent pain had a negative association with frequent as 

well as long-term cannabis use in IPL-PCC rsFC. On the other hand, more frequent pain had a 

positive association with daily consumption of cannabis in bilateral IPL rsFC. These findings 

suggest that in individuals with recurring pain, cannabis use is linked to dysregulated DMN 

coupling that may reflect altered self-referential integration and regulation of pain-related 

internal processing.  

We found that pain frequency interacted with frequency and duration of cannabis use 

such that greater weekly frequency of use, as well as longer duration of use, were associated with 

greater reductions in bilateral IPL-PCC rsFC, reflecting a longer-term decoupling pattern linked 

to cumulative use in those with frequent pain. This pattern can be interpreted as reflecting 

longer-term alteration characterized by reduced coordination between regions involved in 

internally directed processing, attention, and pain-related self-monitoring. In other words, in 

people who experience pain more often, more sustained cannabis involvement may be linked to a 

degradation of communication between these DMN region. Persistent pain has been shown to 

alter the ECS’s signaling in corticolimbic regions that disrupt the excitation-inhibition balance 

(19,29). Reduced CB1 receptor availability from chronic cannabis exposure may further 

diminish the buffering capacity and increase susceptibility to network-level disintegration 

(17,18). Thus, pain-related ECS alterations and cannabis-related CB1 downregulation may result 

in weaker IPL-PCC rsFC, concordant with existing studies (30,31).  
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Persistent pain engages salience and interoceptive processing systems, which can bias the 

brain toward internally focused threat monitoring and reduce flexible switching between DMN 

and externally oriented networks (32). For example, the PCC is a central DMN hub implicated in 

internally directed cognition, including self-referential evaluation, integration of internal bodily 

states, and coordination of DMN connectivity (33). Prior work links weaker IPL-PCC rsFC with 

chronic pain and has been related to abnormalities in pain rumination and persistent pain-related 

cognition (9). Our findings of weaker IPL-PCC rsFC in the present study may be interpreted as 

reduced coordination between parietal integration processes from cannabis use and may reflect 

(1) diminished integration of cognitive control of self-referential pain representations, (2) less 

stable DMN internal-state integration, and/or (3) maladaptive DMN reorganization that supports 

repetitive internal focus on pain rather than flexible regulation (10,34,35). Thus, when these 

systems are altered by both frequent pain and more frequent and/or long-term cannabis use, top-

down regulation of internally oriented attention to pain may be further dysregulated (9). 

Together, the interaction of cannabis use and pain frequency suggests that frequent pain may 

create a vulnerability context such that weaker IPL-PCC rsFC is moderated by greater 

cumulative cannabis exposure. 

 In contrast, greater pain frequency with higher daily grams of cannabis was associated 

with greater l-IPL-r-IPL and r-IPL-PCC connectivity. This pattern in the opposite direction may 

reflect a more proximal, state-like, or compensatory effect of heavier current use, as opposed to a 

cumulative effect as measured by frequency of weekly use or total duration of use. One possibility 

is that, in the context of frequent pain, larger day-level cannabis intake is linked to increased 

coupling in DMN as the brain adapts to ongoing nociceptive burden and acute pharmacologic 

effects. Existing studies demonstrate a role of IPLin both acute as well as long-term effects of 
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pain in self-referential cognition, attentional processes (9,10,36). Acutely, Baliki et al. (2008) 

reported that greater engagement of posterior DMN regions during spontaneous pain 

fluctuations. On the other hand, Hemington et al (2016) reported increased IPL coupling with 

chronic pain, suggesting increased engagement of internally directed cognitive processes during 

ongoing pain (37).  

 

Limitations and Conclusions 

Our results demonstrated that in the context of more frequent pain, cumulative cannabis 

exposure (greater weekly use and more years of use) was associated with weaker IPL-PCC rsFC, 

whereas heavier current use (greater daily grams) was associated with stronger l-IPL-r-IPL and r-

IPL-PCC rsFC. These divergent interaction effects of pain frequency and dimensions of cannabis 

use suggest that, in the context of more frequent pain, cannabis use may relate to DMN rsFC 

through distinct neural processes that depend on cumulative vs. proximal effects.  

These findings should be interpreted with some important considerations. First, this study 

measured pain via a single-item self-report and may be limited to detect larger effects given the 

smaller sample of those reporting pain “most of the time”. Future studies should include 

additional measures of pain, such as intensity, duration, affective impact, that a more thorough 

assessment of pain provides a multidimensional characterization of pain, allowing for better 

identification of its severity, chronicity, functional impact, and clinical relevance than a single-

item question.  

To conclude, these findings demonstrate that pain frequency is a key context shaping the 

neurobiological correlates of exposure to cannabis, highlighting a subgroup of individuals who 

use cannabis that may differ in risk, adaptation, and treatment needs beyond what cannabis use 
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measures alone capture (38). Further, these findings point to two different cannabis-related 

processes emerging under greater pain frequency, rather than one simple linear effect.
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Table 1. 

Sample Characteristics 

 Total N  119 

Gender M/F 68/51 

Age M (SE) 22.66 (.31) 

Years of weekly use M (SE) 4.76 (.28) 

Uses per week M (SE) 6.24 (.1) 

Grams used per day M (SE) 2.01 (.32) 

Frequency of unexplained pain via Self-rated Level 1 

cross-cutting Symptom Measure: 

Never/Sometimes/≥ Half the Time (n) 

 

 

 

 

49/48/22 
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US= United States, NL= Netherlands 

 

 

 

 

 

Note. The number of participants included in each Generalized Linear Model using likelihood 

ratio tests and Type III Wald χ² statistics evaluating the main effects and the interaction terms of 

pain frequency and cannabis use measures on resting-state functional connectivity (rsFC) 

strength. One-way ANCOVA’s were used to obtain the means and standard errors of each pain 

Table 2. Participants by Group (n) and mean rsFC strength in Each ROI-ROI Model 

 No Pain (n) Sometimes (n) ≥ Half the Time (n)  

Total (N) ROI-ROI rsFC (M/SE) (M/SE) (M/SE) 

mPFC-l-IPL 
45 

(-.54/.13) 

46 

(-.92/.12) 

20 

(-.65/.19) 

111 

mPFC- r-IPL 
44 

(-.57/.1) 

47 

(-.78/.1) 

22 

(-.63/.15) 

113 

mPFC-PCC 
44 

(-.82/.14) 

44 

(-1.14/.14) 

21 

(-.85/.21) 

109 

l-IPL-r-IPL 
47 

(.05/.08) 

46 

(-.14/.08) 

22 

(-.21/.11) 

115 

l-IPL-PCC 
47 

(-.24/.09) 

46 

(-.64/.09) 

21 

(-.51/.14) 

114 

r-IPL-PCC 
47 

(-.3/.09) 

46 

(-.7/.09) 

20 

(-.44/.14) 

113 
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frequency’s rsFC strength, and included age, gender, site (NL vs. US), and cannabis use metrics 

(i.e., years of use, days per week, and grams per day) as covariates. NL= Netherlands, US= 

United States, mPFC= medial prefrontal cortex, l-IPL= left inferior parietal lobule, r-IPL= right 

inferior parietal lobule, PCC= posterior cingulate cortex.  

Table 3. 

Generalized Linear Models using Pain Frequency, Cannabis Use, and their Interaction as Predictors of 

Region of Interest (ROI)-ROI Default Mode Network (DMN) resting-state functional connectivity (rsFC) 

Strength 

Dependent Variable  

(likelihood ratio χ², p) 

Type III Effects 

(BH-FDR p-values) 
Type III Effects B 95% CI p 

 

mPFC-l-IPL 

χ²(14)= 21.18 

p= .1 

Pain Frequency (p= .69) 

No Pain (Ref) - - - 

Pain ≥ Half Time -.28 [-3.32, 2.76] .86 

Pain Sometimes -1.27 [-3.23, .69] .21 

Cannabis Metrics (No Pain) 

Daily Grams (p= .93) Grams -.09 [-.21, .03] .15 

Days a Week (p= .69) Days a Week -.06 [-.32, .2] .65 

Years Weekly (p= .93) Years Weekly -.08 [-.18, .02] .11 

 

Interactions Pain x Cannabis    

Pain x Grams 

(p= .69) 

Pain ≥ Half Time  .19 [-.12, .5] .22 

Pain Some  .11 [-.14, .35] .39 

Pain x Days 

(p= .98) 

Pain ≥ Half Time -.04 [-.49, .41] .86 

Pain Some  -.002 [-.31, .31] .99 

Pain x Years 

(p= .09) 

Pain ≥ Half Time .03 [-.15, .21] .76 

Pain Some   .16 [.06, .27] <.01 

 

mPFC-r-IPL 

χ²(14)= 24.49 

p= .04 

 

Pain Frequency (p=.02) 

 

No Pain (Ref) - - - 

Pain ≥ Half Time -1.56 [-3.87, .75] .19 

Pain Sometimes -2.72 [-4.22, -1.22] <.001 

Cannabis Metrics (No Pain)    

Daily Grams (p= .97) Grams -.11 [-.2, -.01] .03 

Days a Week (p= .4) Days a Week -.26 [-.46, -.06] .01 

Years Weekly (p= .52) Years Weekly -.07 [-.15, .01] .08 

 

Interaction Pain x Cannabis    

Pain x Grams 

(p= .4) 

Pain ≥ Half Time  .18 [-.06, .42] .14 

Pain Some  .13 [-.06, .32] .18 
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Pain x Days 

(p= .19) 

Pain ≥ Half Time .17 [-.18, .51] .35 

Pain Some  .32 [.07, .56] .01 

Pain x Years 

(p= .4) 

Pain ≥ Half Time .04 [-.1, .18] .58 

Pain Some   .08 [-.01, .17] .08 

 

 

 

 

 

 

mPFC-PCC 

χ²(14)= 25.33 

p= .03 

 

 

 

 

 

 

Pain Frequency (p= .64) 

 

 

 

 

 

No Pain (Ref) 

 

 

 

 

 

- 

 

 

 

 

 

- 

 

 

 

 

 

- 

Pain ≥ Half Time -1.37 [-4.71, 1.97] .42 

Pain Sometimes -1.7 [-3.91, .52] .13 

Cannabis Metrics (No Pain)    

Daily Grams (p= .64) Grams -.15 [-.28, -.01] .03 

Days a Week (p= .54) Days a Week -.23 [-.05, .06] .12 

Years Weekly (p= .38) Years Weekly -.12 [-.23, -.02] .03 

 

Interaction Pain x Cannabis    

Pain x Grams 

(p= .64) 

Pain ≥ Half Time  .12 [-.22, .46] .5 

Pain Some  .16 [-.13, .44] .29 

Pain x Days 

(p= .72) 

Pain ≥ Half Time .18 [-.32, .68] .49 

Pain Some  .13 [-.23, .48] .48 

Pain x Years 

(p= .64) 

Pain ≥ Half Time .01 [-.19, .2] .95 

Pain Some   .08 [-.04, .2] .2 

 

l-IPL-r-IPL 

χ²(14)= 3.37 

p= .01 

Pain Frequency (p= .22) 

No Pain (Ref) - - - 

Pain ≥ Half Time .08 [-1.69, 1.84] .93 

Pain Sometimes -.99 [-2.13, .15] .09 

Cannabis Metrics (No Pain)    

Daily Grams (p= .13) Grams -.08 [-.16, -.01] .02 

Days a Week (p= .04) Days a Week -.13 [-.28, .03] .1 

Years Weekly (p= .04) Years Weekly -.04 [-.09, .02] .17 

 

Interaction Pain x Cannabis    

Pain x Grams 

(p= .01) 

Pain ≥ Half Time  .27 [.09, .46] <.01 

Pain Some  .21 [.06, .35] <.01 

Pain x Days 

(p= .6) 

Pain ≥ Half Time -.05 [-.32, .21] .69 

Pain Some  .06 [-.12, .24] .52 

Pain x Years 

(p= .13) 

Pain ≥ Half Time -.09 [-.2, .01] .08 

Pain Some   .03 [-.03, .09] .37 

 

l-IPL-PCC 

χ²(14)= 31.36 

p= .01 

Pain Frequency (p< .05) 

No Pain (Ref) - - - 

Pain ≥ Half Time 1.85 [-.39, 4.09] .11 

Pain Sometimes -1.18 [-2.59, .23] .1 

Cannabis Metrics (No Pain)    

Daily Grams (p= .53) Grams -.08 [-.17, .01] .09 

Days a Week (p< .05) Days a Week -.06 [-.25, .13] .52 

Years Weekly (p= .14) Years Weekly -.05 [-.12, .02] .15 
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Interaction Pain x Cannabis    

Pain x Grams 

(p= .14) 

Pain ≥ Half Time  .22 [-.01, .45] .06 

Pain Some  .16 [-.03, .34] .09 

Pain x Days 

(χ²; p< .05) 

Pain ≥ Half Time -.37 [-.7, -.03] .03 

Pain Some  .09 [-.14, .32] .45 

Pain x Years 

(p= .83) 

Pain ≥ Half Time -.03 [-.17, .1] .63 

Pain Some   .01 [-.07, .09] .83 

 

 

r-IPL-PCC 

χ²(14)= 36.13 

p= <.001 

 

 

Pain Frequency (p< .01) 

 

No Pain (Ref) 

 

- 

 

- 

 

- 

Pain ≥ Half Time 2.86 [.6, 5.11] .01 

Pain Sometimes -1.1 [-2.44, .25] .11 

Cannabis Metrics (No Pain)    

Daily Grams (p= .22) Grams -.11 [-.19, -.02] .01 

Days a Week (p= .01) Days a Week -.05 [-.23, .13] .57 

Years Weekly (p< .01) Years Weekly -.05 [-.12, .01] .12 

 

Interaction Pain x Cannabis    

Pain x Grams 

(p< .01) 

Pain ≥ Half Time  .38 [.16, .6] <.001 

Pain Some  .12 [-.05, .29] .16 

Pain x Days 

(p= .01) 

Pain ≥ Half Time -.44 [-.77, -.11] .01 

Pain Some  .07 [-.15, .29] .52 

Pain x Years 

(p= .02) 

Pain ≥ Half Time -.17 [-.3, -.04] .01 

Pain Some   .02 [-.06, .09] .66 

  

Note. The “No pain” frequency was used to test the effects of cannabis on resting-state functional 

connectivity (rsFC) without the presence of pain frequency. The “No pain” frequency was used 

as the reference to assess how the “Sometimes” and “≥ Half Time” frequencies differ from “No 

Pain” in rsFC strength. Similarly, the main effects of cannabis from the “No Pain” frequency is 

used to test the pain x cannabis interaction and represented by how much pain “Sometimes” and 

“≥ Half Time” differ from cannabis’ effects from “No Pain”. Significant effects are represented 

with: (1) omnibus likelihood ratio of the model (column 1), (2) Type III effects Benjamini-

Hochberg false discovery rate (FDR) corrected p-value (column 2), and (3) the unstandardized 

effect, 95% CI, and p-value (columns 4-6) in bold. BH-FDR= Benjamini-Hochberg false 

discovery rate p-value correction Grams= grams used per day, Days = days of use per week, 
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Years= years of use.  χ²= omnibus likelihood ratio test statistic, B= unstandardized parameter 

estimate, 95% CI= confidence interval for the unstandardized B.  

 

 

 

 

Figure 1. Plotted linear relationships of the effects of days of cannabis use per week on resting-

state functional connectivity (rsFC) strength between the right inferior parietal lobule (r-IPL) and 

the posterior cingulate cortex (PCC). Those with pain “≥ half the time” had significantly weaker 

connectivity with more cannabis use days per week compared to “no pain”. 
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Figure 2. Plotted linear relationships of the effects of days of cannabis use per week on resting-

state functional connectivity (rsFC) strength between the left inferior parietal lobule (l-IPL) and 

the posterior cingulate cortex (PCC). Those with pain “≥ half the time” had significantly weaker 

connectivity with more cannabis use days per week compared to “no pain”. 
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Figure 3. Plotted linear relationships of years of weekly cannabis use on resting-state functional 

connectivity (rsFC) strength between the right inferior parietal lobule (r-IPL) and the posterior 

cingulate cortex (PCC). Those with pain “≥ half the time” had significantly weaker connectivity 

with more years of weekly use compared to “no pain”. 
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Figure 4. Plotted linear relationships of the effects of daily grams of cannabis used on resting-

state functional connectivity (rsFC) strength between the left inferior parietal lobule (l-IPL) and 

the posterior cingulate cortex (PCC). Those with pain “sometimes” and “≥ half the time” had 

significantly stronger connectivity with more grams used compared to “no pain”.  
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