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Abstract

Background: Cannabis and other drug use is associated with adverse health events, but little is 

known about the association of routine clinical screening for cannabis or other drug use and acute 

care utilization. This study evaluated whether self-reported frequency of cannabis or other drug 

use was associated with subsequent acute care.

Method: This retrospective cohort study used EHR and claims data from 8 sites in Washington 

State that implemented annual substance use screening. Eligible adult primary care patients 

(N=47,447) completed screens for cannabis (N=45,647) and/or other drug use, including illegal 

drug use and prescription medication misuse, (N=45,255) from 3/3/15–10/1/2016. Separate single-

item screens assessed frequency of past-year cannabis and other drug use: never, less than 

monthly, monthly, weekly, daily/almost daily. An indicator of acute care utilization measured any 

urgent care, emergency department visits, or hospitalizations ≤19 months after screening. Adjusted 

Cox proportional hazards models estimated risk of acute care.
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Results: Patients were predominantly non-Hispanic White. Those reporting cannabis use less 

than monthly (Hazard Ratio [HR]=1.12, 95% CI=1.03–1.21) or daily (HR=1.24; 1.10–1.39) had 

greater risk of acute care during follow-up than those reporting no use. Patients reporting other 

drug use less than monthly (HR=1.34; 1.13–1.59), weekly (HR=2.21; 1.46–3.35), or daily 

(HR=2.53; 1.86–3.45) had greater risk of acute care than those reporting no other drug use.

Conclusion: Population-based screening for cannabis and other drug use in primary care may 

have utility for understanding risk of subsequent acute care. It is unclear whether findings will 

generalize to U.S. states with broader racial/ethnic diversity.
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1. INTRODUCTION

More than 30.5 million Americans use cannabis or other illegal drugs, or 11.2% of the U.S. 

population (Substance Abuse and Mental Health Services Administration, 2019). The 

number of people using cannabis and other drugs is increasing, driven primarily by cannabis 

use (Substance Abuse and Mental Health Services Administration, 2019) and its increasing 

availability in legal markets (Goodman et al., 2020). The prevalence of past-year cannabis or 

other drug use among primary care patients ranges from 4–21% and 2–26%, respectively 

(Lapham et al., 2017; McNeely et al., 2015a; McNeely et al., 2015b; McNeely et al., 2016; 

Pilowsky and Wu, 2012; Tiet et al., 2015). Together, cannabis and other drugs account for 

more than 5% of disability-adjusted life years through risk of adverse health outcomes, 

including injuries, mental health and substance use disorders (Murray and Lopez, 2013; U. 

S. Burden of Disease Collaborators et al., 2018). Studies suggest a strong association 

between cannabis or other drug use disorder and acute care, which includes urgent care, 

emergency department visits and hospitalizations (Bahorik et al., 2018; Campbell et al., 

2017; Doupe et al., 2012; Gubatan et al., 2016; Wu et al., 2018; Zatzick et al., 2017).

While results from substance use screenings in primary care are intended to identify patients 

in need of further assessment and treatment, they may also be useful in identifying patients 

at risk for poor health outcomes and acute care utilization (Bradley et al., 2016; Chavez et 

al., 2016; Pilowsky and Wu, 2012; Rubinsky et al., 2019; Williams et al., 2012). Several 

brief screening instruments are available to detect cannabis and other drug use in primary 

care, with sensitivity and specificity for detecting use of “any drug” ranging from 0.71–0.94 

and 0.87–0.97, respectively (Krist et al., 2020). The U.S. Preventive Services Task Force 

(USPSTF) now recommends screening for unhealthy drug use in primary care, and therefore 

adoption and implementation of screening may increase (Krist et al., 2020). Health systems 

may wish to adopt brief and valid screens, and they may be interested in knowing whether 

screens can identify patients at risk for adverse outcomes such as acute care (Krist et al., 

2020; Pilowsky and Wu, 2012; Tai and Volkow, 2013). Although a previous secondary 

analysis of data from a drug use intervention trial found that cannabis use frequency among 

primary care patients was not associated with emergency department visits or 

hospitalizations (Fuster et al., 2014; Saitz et al., 2014), all patients in that study recently 

used other drugs. Information about the association between results from cannabis or other 
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drug use screening and acute care utilization in primary care samples could potentially 

inform understanding of associated health risks.

The current study sought to examine the association between frequency of cannabis or other 

drug use and subsequent utilization of acute care, among patients visiting primary care 

clinics. Specifically, this study hypothesized that frequency of past-year cannabis and other 

drug use self-reported by primary care patients on separate single-item screens would be 

associated with increased risk of subsequent acute care. Because the association between 

substance use and health varies by other risk factors (Agrawal and Lynskey, 2007; Bradley et 

al., 2004; Cherpitel et al., 2012; Rubinsky et al., 2013; Volkow et al., 2014), this study 

explored whether sex, age, and having a substance use disorder diagnosis modified the 

association between screening scores and acute care utilization.

2. METHODS

2.1. Setting, data source, and sample

Data were from Kaiser Permanente Washington (KPWA), an integrated health system 

providing health insurance and health care in a state with legal medical cannabis use since 

1998 and adult (≥21 years) recreational use since 2012. Data were derived from two sources: 

EHR data on substance use screening and other health services received inside the health 

care delivery system; and insurance claims data for health care services received elsewhere 

that were reimbursed by insurance.

Implementation of routine annual screening for past-year cannabis and other drug use began 

in March 2015 and rolled out across clinics over a three-year period as part of a larger effort 

to integrate behavioral health into primary care (Bobb et al., 2017; Glass et al., 2018; 

Richards et al., 2019). Patients eligible for the current study had a primary care visit between 

3/3/2015 and 10/31/2016 at one of the first 8 clinics that implemented screening, were 

insured by KPWA, were ≥18 years old at the time of the visit, and were screened in primary 

care for cannabis and/or other drug use (75.5% of primary care patients). If patients were 

screened multiple times, data from the first screen was used. The single-item questions for 

cannabis and other drug use were administered on the same screening form, and 

approximately 95.2% of patients who completed one question completed both questions. 

Separate screening questions for cannabis and other drug use reflect the legal landscape of 

cannabis in Washington State. Because we used insurance claims data from the year prior to 

patients’ substance use screening to construct the study covariates, we excluded patients 

with ≥3-month gap in insurance coverage during the year prior to the visit (Strom and 

Bjornson, 2006) to help ensure that these variables could be adequately measured; 20% of 

otherwise eligible patients were excluded. Follow-up data were observed through 

10/31/2016. The KPWA Institutional Review Board approved this study.

2.2 Measures

2.2.1 Primary Predictors—Primary care patients completed a 7-item self-report paper-

based behavioral health screen that included questions about substance use. An electronic 
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reminder prompted primary care staff to conduct annual screening and enter screening 

results into the EHR.

Frequency of past-year cannabis use was assessed by scaled-response to the item, “How 

often in the past year have you used marijuana?” (Lapham et al., 2017). Marijuana use was 

undefined for the patient and could include recreational and medical use. Frequency of past-
year other drug use which came after the cannabis question on the 7-item screen, was 

assessed with a validated single-item screening question adapted to a scaled response: “How 

often in the past year have you used an illegal drug or used a prescription medication for 

non-medical reasons?”(Smith et al., 2010) For both items, response options were never, less 

than monthly, monthly, weekly, and daily/almost daily from the third item of the Alcohol 

Use Disorder Identification Test (Babor et al., 2001). These single-item screens are very 

brief, a key consideration for routine use in primary care (Krist et al., 2020; National 

Council for Behavioral Health, 2018).

2.2.2 Outcome

Acute care was defined as any urgent care, emergency department visit, and/or hospital 

admission from screen to study-end date. The outcome was assessed as the number of days 

between screen date and first date of acute care.

2.2.3 Covariates—Demographic characteristics included sex (male/female), age (18–29, 

30–49, 50–64, ≥65 years), race (American Indian/Alaskan Native, Asian, Black, Hawaiian 

or Pacific Islander, multiracial, White, other, unknown), and ethnicity (Hispanic or Latino, 

not Hispanic or Latino, unknown) at the time of screening.

International Classification of Diseases (ICD) 9 and 10 codes were used to create indicators 

of clinical characteristics, including past-year mental health (major depression, anxiety, 

serious mental illness) and substance use disorder (SUD) diagnoses (tobacco, alcohol, 

cannabis, opioid, and other drug use disorders). SUD diagnoses are often under-recognized 

in clinical settings (Bobb et al., 2020); patients with a documented SUD diagnosis may be 

unique from patients who use substances but do not have a diagnosis, and their acute care 

utilization may vary. Morbidity level was measured with a case-mix system that defines 

Resource Utilization Band (RUB) scores validated for forecasting health care utilization in 

primary care patients (Fredriksson et al., 2015; Lind et al., 2013; Starfield and Kinder, 2011; 

Zielinski et al., 2009). RUB scores range 0–5 with higher scores indicating higher morbidity.

2.3 Analyses

Demographic and clinical characteristics were described overall and by frequency of past-

year cannabis and other drug use.

In time-to-event analyses, each of the two primary predictors were examined in separate 

models as a categorical variable, with no past-year use as the reference. Follow-up time was 

censored at date of disenrollment from insurance, death, or end of the study period. Cox 

proportional hazards models (Cox, 1972) estimated relative hazards of acute care associated 

with past-year frequency of use. We assessed for overall variation in the hazard of acute care 

across frequency of use categories using a joint Wald’s test before examining category-level 
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associations. Violations to the proportional hazards assumption were assessed graphically 

and by interacting the natural log of time to acute care with the primary predictor to examine 

whether the association changed over time (Cleves et al., 2002). We found no evidence for 

violation of the proportional hazard’s assumption.

We fit 3 different models: unadjusted, adjusted for demographic characteristics, and adjusted 

for demographic and clinical characteristics. Adjusted models allowed for a non-linear 

association between age and acute care via restricted cubic splines (Harrell, 2001). In all 

models, the baseline hazard was stratified by clinic, and clustering of patients by providers 

was accounted for using robust variance estimates (Lin and Wei, 1989; Williams, 2000). A 
priori, we selected the model adjusted for demographic factors to be primary, whereas the 

model adjusted for clinical characteristics was specified to examine whether frequency of 

use is associated with risk of acute care or whether frequency of use co-varies with other 

factors known to be associated with acute care utilization. We did not control for other drug 

use in cannabis analyses or cannabis use in other drug use analyses because not all health 

systems will adopt both cannabis and other drug screening, and we wanted to provide 

estimates of acute care risk that do not depend on knowing the frequency at which patients 

use other, potentially unassessed, substances. Effect modification by sex (Agrawal and 

Lynskey, 2007; Rubinsky et al., 2013), age (Cherpitel et al., 2012; Rubinsky et al., 2013; 

Volkow et al., 2014), or past-year SUD (Bradley et al., 2004; Volkow et al., 2014) was 

assessed using a Wald’s test of the interaction term in models adjusted for demographic 

characteristics. Hazard ratio estimates were reported within subgroups. Analyses were 

conducted using Stata 15 (StataCorp, 2017).

3. RESULTS

3.1 Demographic and clinical characteristics

A total of 47,447 primary care patients were eligible for this study. Of those, 45,647 

completed the cannabis screen and 45,255 completed the other drug use screen (95% of all 

participants completed both). Approximately 60% of patients were female, 46% were ≥65 

years old, 5% had Hispanic ethnicity, and 81% were White (Table 1). For both cannabis and 

other drug use, patients reporting no use were more likely to be female and tended to be 

older. There tended to be a higher prevalence of any SUD and mental health diagnoses for 

patients reporting daily/almost daily use compared to those reporting less frequent use.

Censoring occurred for 1,354 patients who disenrolled from insurance and 34 who died. At 

6 and 12 months, respectively, 18,739 and 7,314 patients contributed follow-up time. Days 

of follow-up ranged up to 609 days (median=144), and 12,891 (27% of total sample) 

patients experienced an acute care event during the study period.

3.2 Cannabis use frequency and subsequent acute care utilization

In the unadjusted Cox proportional hazard model, there was no evidence of an association 

between frequency of past-year cannabis use and subsequent acute care utilization (Table 2). 

In the primary model adjusted for demographic characteristics, frequency of cannabis use 

was significantly associated with subsequent acute care utilization (p=0.002). Patients 
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reporting less than monthly (Hazard Ratio [HR]=1.12, 95% CI=1.03–1.21, p=0.006) or 

daily/almost daily use (HR=1.24, 95% CI=1.10–1.39, p<0.001) had greater hazard of acute 

care than those reporting no use. There was no evidence of greater hazard of acute care for 

patients reporting monthly or weekly use. In the model adjusted for demographic and 

clinical characteristics, there was no evidence of an association between frequency of 

cannabis use and acute care utilization per the joint Wald’s test despite category-level 

associations.

3.3 Other drug use frequency and acute care utilization

In all models, frequency of other drug use was significantly associated with acute care 

utilization (joint p’s<0.001; Table 2). Specifically, in the unadjusted model, patients 

reporting less than monthly (HR=1.23, 95% CI=1.03–1.46, p=0.019), weekly (HR=2.13, 

95% CI: 1.41–3.22, p<0.001), and daily/almost daily drug use (HR=2.37, 95% CI: 1.76–

3.21, p<0.001) had greater hazard of acute care compared to patients reporting no use. In the 

primary model adjusted for demographic characteristics, patients reporting drug use less 

than monthly (HR=1.34, 95% CI: 1.13–1.59, p=0.001), weekly (HR=2.21, 95% CI: 1.46–

3.35, p<0.001) and daily/almost daily (HR=2.53, 95% CI: 1.86–3.45, p<0.001) had a greater 

hazard of acute care compared to patients reporting no use. In the model adjusted for 

demographic and clinical characteristics, only patients reporting less than monthly (HR= 

1.29, 95% CI: 1.09–1.54, p=0.004) and daily/almost daily drug use (HR=1.82, 95% CI: 

1.29–2.57, p=0.001) had a greater hazard of acute care compared to patients reporting no 

use.

3.4 Effect modification by sex, age or prior substance use disorders diagnosis

3.4.1 Cannabis use frequency and acute care utilization.—There was a 

significant interaction between frequency of cannabis use and sex (p=0.003). In analyses of 

sex-specific subgroups, females reporting less than monthly (HR=1.16, 95% CI=1.06–1.27, 

p=0.001), weekly (HR=1.28, 95% CI=1.07–1.54, p=0.008), and daily/almost daily cannabis 

use (HR=1.39, 95% CI=1.19–1.63, p<0.001) had a greater hazard of acute care compared to 

females reporting no past-year cannabis use. In contrast, there was no evidence that hazard 

of acute care varied for men across frequency of cannabis use (Table S1, Figure 1).

There was a significant interaction between frequency of cannabis use and age (p=0.006). In 

age-specific subgroups, younger adults age 18–29 reporting less than monthly (HR=1.26, 

95% CI=1.03–1.53, p=0.024) and daily/almost daily cannabis use (HR=1.52, 95% CI=1.21–

1.90, p<0.001) had a greater hazard of acute care compared to those of the same age 

reporting no use. For patients age 30–49, only those reporting less than monthly cannabis 

use (HR=1.15, 95% CI=1.01–1.32, p=0.039) had a greater hazard of acute care compared to 

those of the same age reporting no use. For patients age 50–64, only those reporting daily/

almost daily use (HR=1.29, 95% CI=1.04–1.60, p=0.022) had a greater hazard of acute care 

compared to those of the same age reporting no use. For patients age 65 and over, there was 

no evidence that those reporting any cannabis use had a greater hazard of acute care 

compared to those of the same age group reporting no cannabis use (Table S1, Figure 1).
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There was no evidence of a significant interaction between frequency of cannabis use and 

documentation of a past-year SUD.

3.4.2 Other drug use frequency and acute care utilization.—There was no 

evidence of a significant interaction between frequency of other drug use and sex, or 

documentation of a past-year SUD.

There was a significant interaction between frequency of other drug use and age group 

(p=0.002). In analyses of age-specific subgroups, younger adults age 18–29 reporting less 

than monthly (HR=1.67, 95% CI=1.23–2.26, p=0.001) or daily/almost daily drug use 

(HR=4.59, 95% CI=2.98–7.07, p<0.001) had a greater hazard of acute care compared to 

those of the same age reporting no use. For patients age 30–49, those reporting monthly 

(HR=2.47, 95% CI: 1.08–5.67, p=0.032) or weekly drug use (HR=4.42, 95% CI=1.41–

13.85, p=0.011) had a greater hazard of acute care compared to those of the same age 

reporting no use. For patients age 50–64 and patients 65 and over, there was no evidence that 

the hazard of acute care varied by frequency of other drug use (Table S1, Figure 1).

4. DISCUSSION

In a health system that conducts annual population-based screening for substance use in 

primary care, patient self-report of frequency of past-year cannabis and other drug use 

predicted risk of subsequent acute care. Specifically, patients reporting less than monthly 

and daily/almost daily cannabis use had higher risk of using acute care services than patients 

reporting no cannabis use. Patients reporting less than monthly, weekly, and daily/almost 

daily use of other drugs had a higher risk of using acute care services than patients reporting 

no use. Moreover, sex and age group modified several associations. To our knowledge, this 

is the first study to evaluate whether substance use screens administered as part of routine 

primary care predicted risk of subsequent acute care.

While frequency of cannabis use was associated with subsequent acute care, the pattern of 

associations did not provide evidence for a linear dose-response relationship. Patients with 

the most frequent cannabis use (daily/almost daily) or rare use (less than monthly) had an 

elevated risk of acute care, but there was no evidence of increased risk for patients reporting 

monthly or weekly use. It was not surprising that daily/almost daily use increased risk, as 

daily use is associated with increased risk of cannabis use disorders and prior studies have 

found an association between cannabis use disorder and acute care (Campbell et al., 2017; 

Gubatan et al., 2016). However, the lack of a dose-response relationship could suggest that 

another factor may affect this association. It could also be that a unique mechanism 

contributes to risk of acute care among patients with rare use. For instance, injuries or 

illnesses requiring acute care could potentially be more common among people who use 

infrequently because they may have less experience with highly potent methods of cannabis 

administration and products (Loflin and Earleywine, 2014), be more susceptible to 

psychoactive effects (Kim et al., 2016; Ramaekers et al., 2009), or experience unanticipated 

acute medical effects (Hall and Degenhardt, 2009; Vitale and van de Mheen, 2006; Volkow 

et al., 2014). Although beyond the scope of this study, future studies may wish to explore the 

admission diagnoses recorded in acute care settings for patients with cannabis use. A 
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laboratory-based study found that cannabis use was associated with adverse effects for 

people who used cannabis infrequently (Spindle et al., 2018). If future studies find similar 

patterns, it may be important to educate patients who rarely use cannabis about potential 

harms. These findings run contrary to a previous study that found no association between 

cannabis use and acute care. However, the prior study was cross sectional, and participants 

were eligible by virtue of a positive screen for drug use and enrolled in a randomized 

controlled trial (Fuster et al., 2014). We also note that while our primary models indicated 

that patients with daily/almost daily cannabis use had an increased risk of acute care, the 

effect size was modest and the association was attenuated when adjusted for clinical 

characteristics, unlike in prior studies focusing on risk associated with cannabis use 

disorders (Campbell et al., 2017; Gubatan et al., 2016). More work is needed to evaluate 

whether the frequency of use per se is independently associated with increased risk of acute 

care.

There was indication of a dose-response relationship between frequency of other drug use 

and subsequent acute care-except for the category of monthly use, which was not associated 

with acute care. The association for less than monthly and daily/almost daily drug use was 

also independent of other clinical characteristics such as mental health and SUDs. Several 

prior drug-specific studies have evaluated whether various frequencies of drug use were 

associated with acute care utilization in other populations (Frank et al., 2015; Marshall et al., 

2012). Specifically, one study found that risk of having an emergency department visit was 

elevated for people who used methamphetamines daily, but not less than daily, when 

compared to no use (Marshall et al., 2012). In contrast, a cross-sectional study found any 

frequency of non-medical use of prescription pain medication was associated with 

emergency department visits (Frank et al., 2015). It is unclear why, in the current study, 

monthly drug use was not associated with acute care utilization. Analyses may have been 

underpowered due to the small number of patients reporting drug use, or differences in 

findings may reflect differences in how studies asked about frequency and timing of drug 

use. One other study found neither an association between occasional crack cocaine use 

relative to no use, nor daily crack cocaine use relative to occasional use and emergency 

department visits (Siegal et al., 2006). However, all participants in that study had previously 

used cocaine (Siegal et al., 2006).

Risk of acute care varied across frequency of cannabis use by sex and age but not past-year 

SUD. Specifically, an increased risk of acute care was observed for females, but not males, 

in sex-stratified models. Reasons for these differences are unknown, but it is known that 

women experience more adverse outcomes when they use cannabis (Cooper and Haney, 

2014). Risks also varied by age, such that younger, but not older adults, who reported 

cannabis use experienced an elevated risk of acute care. Risk of acute care also varied across 

other drug screening score by age but not sex or past-year SUD. Risk was highest among the 

younger persons, echoing results from a study reporting younger age as a correlate of 

frequent emergency department use among a cohort of people who inject drugs (Nambiar et 

al., 2018). Effect modification findings need replication in other samples.

This study has several limitations. The sample was representative of predominantly non-

Hispanic White patients enrolled in a single health plan in Washington State, where medical 
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and recreational cannabis use is legal. It is unclear whether findings are generalizable to 

health systems in U.S. states with broader racial/ethnic diversity, or states where cannabis 

use is illegal. Analyses excluded patients who missed their annual behavioral health 

screening. However, prior analyses have found few differences between patients who did and 

did not complete screening (Lapham et al., 2017; Sayre et al., 2020). Another limitation was 

that the screens for cannabis and other drug use have not been validated against diagnostic 

interviews. However, these screens were adapted from well-validated measures (Babor et al., 

2001; Smith et al., 2010; WHO ASSIST Working Group, 2002), have face validity, and 

demonstrate associations with other risk indicators such as behavioral health conditions 

(Lapham et al., 2018; Sayre et al., 2020). Patients may have under-reported their substance 

use due to stigma (McNeely et al., 2018) or due to how the questions were worded. For 

example, it is possible that a patient might not know to report the use of a substance if they 

did not know it was illegal or if they did not know they were using it not as prescribed. Also, 

the other drug use measure does not assess specific drug exposure and does not ask about 

polydrug use. This is a common problem with screening instruments. For instance, the 

AUDIT-C alcohol screening instrument markedly under-estimates average consumption but 

is still an excellent marker risk of AUD and other adverse events (Chavez et al., 2012; 

Rubinsky et al., 2013). Data validation and quality concerns have also been described for 

ICD diagnoses, which were used in this study for covariate adjustment, however these 

diagnoses may accurately represent what is known about patients in a clinical context 

(Cowie et al., 2017). Analyses were likely limited by the small number of patients who 

indicated monthly to daily/almost daily other drug use and were underpowered to detect 

effect modification by race/ethnicity. This study looked at incident acute care: there may be 

associations between cannabis or other drug use and volume of acute care utilization. 

Nevertheless, this is a unique study with population-based screening results on 47,447 

patients who had frequency of past-year cannabis and/or other drug responses and acute care 

utilization documented in their EHRs, allowing us to examine the performance of screening 

in a real world sample as opposed to a sample that has consented to participating in research 

interviews or interventions.

5. CONCLUSION

In a sample of predominantly non-Hispanic White primary care patients, frequency of past-

year use derived from patient responses to routine population-based screening for cannabis 

and other drug use in primary care was associated with acute care utilization. Further 

research is needed to replicate these findings in racially diverse populations, understand 

conditions that lead to acute care, and evaluate whether changes in screening results are 

associated with changes in risk of acute care. If replicated, they may have implications for 

counseling patients about risks associated with cannabis and other drug use.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Frequency of past-year cannabis and other drug use predicted risk of acute 

care

• Rare and frequent cannabis use was associated with increased risk of acute 

care

• Increasing use of other drugs was associated with increased risk of acute care

• Associations were modified by gender and age.
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Figure 1. Estimated relative hazards of acute care utilization according to patient-reported 
frequency of past-year cannabis and other drug use, overall and by subgroup. 
Overall and stratified hazard ratios for frequency of past-year cannabis use (panel 1) and 

other drug use (panel 2) estimated using Cox proportional hazards models with robust 

standard errors, adjusted for demographic characteristics and stratified by clinic. Estimates 

are relative to no past-year use and are presented on the log-scale with 95% confidence 

intervals.
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