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Abstract

Background

The harmful effects of marijuana on health and in particular cardiovascular health are under-

studied. To develop such knowledge, an efficient method of developing an informative

cohort of marijuana users and non-users is needed.

Methods

We identified patients with a diagnosis of coronary artery disease using ICD-9 codes who

were seen in the San Francisco VA in 2015. We imported these patients’ medical record

notes into an informatics platform that facilitated text searches. We categorized patients into

those with evidence of marijuana use in the past 12 months and patients with no such evi-

dence, using the following text strings: “marijuana”, “mjx”, and “cannabis”. We randomly

selected 51 users and 51 non-users based on this preliminary classification, and sent a

recruitment letter to 97 of these patients who had contact information available. Patients

were interviewed on marijuana use and domains related to cardiovascular health. Data on

marijuana use collected from the medical record was compared to data collected as part of

the interview.

Results

The interview completion rate was 71%. Among the 35 patients identified by text strings as

having used marijuana in the previous year, 15 had used marijuana in the past 30 days (pos-

itive predictive value = 42.9%). The probability of use in the past month increased from 8.8%

to 42.9% in people who have these keywords in their medical record compared to those who

did not have these terms in their medical record.
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Conclusion

Methods that combine text search strategies for participant recruitment with health inter-

views provide an efficient approach to developing prospective cohorts that can be used to

study the health effects of marijuana.

Introduction

Marijuana use for medical purposes is now legal in 26 states and in Washington DC, and in

addition, is now legal for recreational use in multiple states [1–3]. Furthermore, over the last

several years, marijuana use has increased among the US adult population [4–8]. Although

numerous psychosocial and cognitive consequences are associated with marijuana use, Ameri-

cans increasingly perceive marijuana use as safe and as offering health benefits for some condi-

tions [2,9]. Despite rising use and perception of decreased risk compared to alcohol and

tobacco, the potentially harmful physical effects of marijuana have been inadequately studied.

Smoking tobacco is well known to cause numerous health problems, e.g., chronic lung dis-

ease, cancer, and cardiovascular disease. Compared to tobacco smoke, marijuana smoke has

higher concentrations of particulate matter, toxins, and tar levels. Therefore, chronic use could

plausibly lead to similar health problems [10–13]. An area of particular concern is the impact

of marijuana use on cardiovascular health, the main cause of morbidity and mortality in the

US [14].

While understanding the relationship between marijuana use and cardiovascular outcomes

is important, a challenge in beginning to understand these relationships lies in developing pro-

spective cohorts with sufficient marijuana exposure to facilitate research. Multiple studies on

the effect of marijuana use on various domains of health have reported limitations in the litera-

ture due to small sample sizes with insufficient exposure [15–17]. We therefore developed and

tested a method to capture this information from the free text of notes stored in VA electronic

medical records.

The method we developed and tested consists of using string searches of medical notes to

develop a prospective cohort of older veterans who differ on their level of marijuana exposure.

In this study, we demonstrate the feasibility of this method to efficiently develop a prospective

cohort of older veterans using text search methods.

Methods

Development phase

We first developed a lexicon describing marijuana mentions in the text of medical record

notes. Through an iterative process we searched through the text notes of patients in the Veter-

ans Health Administration (VA) to identify how the marijuana use was described. The terms

"marijuana", "cannabis","mjx" and “mj” were identified as potential search terms. Review of

notes with corresponding terms demonstrated that “marijuana”, “cannabis”, and “mjx”, were

the terms most frequently used to describe marijuana use in VA progress notes. “MJ” was dis-

carded because of overlap with abbreviations for temporomandibular joint (TMJ). Before we

built a more sophisticated natural language tool, we examined whether identifying marijuana,

cannabis and mjx “mentions” in patient notes were sufficient to identify current or former

users of marijuana. We used this approach for two main reasons. First, we determined that

when clinicians mention a specific psychoactive substance (e.g., marijuana or cocaine) in medi-

cal progress notes, the mention suggests current or former use and not lack of use. In other
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words, the presence of a word denoting marijuana use may be sufficient to preliminarily

identify users. Second, the VA Informatics and Computing Infrastructure provides a search

function that facilitates searching clinical notes for specific word strings. In this study, we

examined whether we could use this search function to identify a cohort of marijuana users

with sufficient exposure to examine the cardiovascular health risks of marijuana.

Implementation phase

Using data from an existing cohort of hospitalized Veterans, we first identified patients who

were 65 to 67 years old and had a diagnosis of coronary artery disease using ICD-9 codes. We

focused on this group because studying the cardiovascular effects of marijuana in a younger,

healthier prospective cohort would require substantially longer follow-up. We then limited

this sample to patients who had one primary care visit at the San Francisco Veterans Adminis-

tration (VA) in 2015 to ensure the most recent data on marijuana use was available. The San

Francisco VA serves a large geographic region in Northern California extending from San

Francisco to small towns in rural areas, and thus cares for a diverse population. We identified

210 patients in this cohort with coronary artery disease who were 65 to 67 years old and who

received care in 2015. We categorized these patients into 62 patients with evidence of mari-

juana use documented in the past 12 months and 148 patients with no evidence of marijuana

use using the following text strings: “marijuana”, “mjx”, and “cannabis”. We randomly selected

51 users and 51 non-users based on this preliminary classification of marijuana use. Three sub-

jects were deceased, leaving 50 potential users and 49 potential non-users for a total of 99

patients.

Validation phase

Among the 99 patients, 2 did not have phone numbers and clear contact information available

in their medical record. The remaining 97 patients were sent a letter that described the study

consisting of a “cardiovascular lifestyle interview” focused on understanding the relationship

between cardiovascular events and lifestyle factors such as physical activity, mood, sleep, use of

tobacco, and drugs. Standardized and validated instruments were used to assess marijuana use

and amount of use (joint-years) (CARDIA and NESARC)[18,19], tobacco use (PRISM)[20],

second-hand tobacco exposure (National Health Interview Survey Tobacco Questions)[21],

physical activity (Godin Leisure-Time Exercise Questionnaire)[22], alcohol use (AUDIT-C)

[23], substance abuse (CARDIA)[24], depression (PHQ-9)[25,26], post-traumatic stress disor-

der (Primary Care PTSD screen)[27], self-reported health (SF-36)[28], and socioeconomic sta-

tus (health and retirement survey)[29]. The letter informed potential participants that they

would receive a follow-up phone call unless they called the study contact telephone number

and left a message saying that they did not wish to participate in the study.

When potential participants were called, a verbal script was used that had been developed

and customized for different anticipated scenarios. Specifically, participants were asked if they

received a letter describing the study and whether they had read it. If they had not read it, the

letter was read to the participant. Patients were then asked if they had any questions about the

study, informed that they would receive a $20 gift card for participation, and if they agreed to

participation, consented over the phone. The UCSF Human Research Protection Program

approved this research and provided a waiver of written consent and a HIPAA waiver.

Analysis

We report simple descriptive statistics. We estimated the past year of marijuana in the form of

joint-years. One joint-year is equivalent to one joint per day for 365 days.

Identifying marijuana users using text searches
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Results

Study recruitment rate

Among the 97 patients called, 1 patient called and left a message that they do not want to par-

ticipate, 20 patients declined to participate during the phone call, and 7 could not be reached

after an average of 8 telephone calls. A total of 69 patients completed the interview, leading to a

recruitment rate of 71%. The average time to administer the health interview was 21 minutes

and ranged from 13 minutes to 50 minutes.

Concordance of text search with patient self report

Among the 35 patients identified by text mining as having a marijuana term in their notes in

the previous year, 15 had used marijuana in the past 30 days (positive predictive value =

42.9%), 17 self-reported using marijuana in the past year (positive predictive value = 48.6%)

and 33 had used marijuana in their lifetime (positive predictive value = 94.3%). Among those

not identified by text mining as having a marijuana term in their notes, 3 had used marijuana

in the past 30 days. Lifetime ever use also differed based on these terms, with 94.3% of the

patients who had a marijuana term in their notes reported ever use and 67.6% of those without

a term reported ever use (p = .0016). In other words, the probability of use in the past month

increased from 8.8% to 42.9% in people who have these keywords in their medical record

compared to those who did not have these terms. The probability of life time ever use also

increased from 67.6% to 94.3% among those with these terms in their chart compared to par-

ticipants without these terms in their chart (Table 1, Fig 1).

Gradations of current marijuana use based on self-report

Among the 18 patients who reported current use (use in past 30 days), 16 predominantly

smoked marijuana (88%), and the remaining two exclusively used other forms of marijuana.

Among users, 38.8% smoked marijuana daily, 11.1% smoked at least once a week but not

daily, and 5.5% smoked 2 to 3 times per month. Current smokers on average smoked 0.75

joint-years in the past year. Ten of the smokers also used other forms of marijuana (e.g. vaping,

topical agents and edibles).

Other selected patient characteristics

The differences between the two groups were not statistically significant given the small sample

size (Table 2), but they strongly suggest baseline differences between current users and non-

current users. For example, marijuana users were more likely to smoke tobacco (33.3% vs.

17.6%), drink more than 6 drinks on any occasions (27.8% vs. 17.6%), and have lower rates of

physical activity (8.26 vs. 12.65 mean weekly exercise metabolic equivalents).

Table 1. Concordance between text search method and patient interview.

Marijuana term in notes in past year

(n = 35)

No term in notes in past year

(N = 34)

Self-Reported use in the past

month

15 (42.9%) 3 (8.8%)

Self-Reported use in past year 17 (48.6%) 4 (11.8%)

Self-Report Non-Use 2 (5.7%) 11 (32.4%)

Ever use 33 (94.3%) 23 (67.6%)

P <0.01

https://doi.org/10.1371/journal.pone.0193706.t001
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Discussion

An Institute of Medicine report published in 1999 cautioned that marijuana use may present a

serious problem for older subjects, particularly those with cardiovascular disease [30]. How-

ever, this relationship has never been examined in a prospective cohort study. Identifying a

large cohort of current marijuana users with sufficient current marijuana exposure through

standard research screening methods such as a mail, telephone, or web based screening is

costly and challenging. In this study, we demonstrated that within a large health system, an

automated string search of medical record notes in combination with standard survey meth-

ods can be used to efficiently develop a prospective cohort of current users and non-users.

Our proposed method for cohort construction leverages information available in the free

text of the medical record for rapid prospective cohort construction. The hybrid approach that

Fig 1. Self reported marijuana use categorized by marijuana use in the chart.

https://doi.org/10.1371/journal.pone.0193706.g001

Table 2. Baseline characteristics of cohort.

Current marijuana users (n = 18)� Non- current users (n = 51)

Overall health good/very good 44.4% 47.1%

Mean weekly exercise (METs) 8.28 12.65

>6 drinks on one occasion 27.8% 17.6%

Tobacco Abuse

Current 33.3% 17.6%

Former 50.0% 58.8%

Never 16.7% 23.5%

Positive Depression Screen 33.3% 23.5%

Positive PTSD Screen 55.6% 39.2%

Current illicit drug use�� 0% 2.0%

�Current use: use of marijuana in the past 30 days

�� e.g., cocaine, amphetamines

https://doi.org/10.1371/journal.pone.0193706.t002

Identifying marijuana users using text searches

PLOS ONE | https://doi.org/10.1371/journal.pone.0193706 March 6, 2018 5 / 8

https://doi.org/10.1371/journal.pone.0193706.g001
https://doi.org/10.1371/journal.pone.0193706.t002
https://doi.org/10.1371/journal.pone.0193706


combines a telephone health interview with data collected as part of routine care improves fea-

sibility of a first assessment of the effect of marijuana use on health. The data collected through

the health interview further validates the proposed method for cohort construction and is in

line with the health characteristics of marijuana users collected in other studies.[18, 24] Our

proposed approach reduces the resources required to conduct a prospective cohort study and

demonstrates a feasible and efficient study recruitment method. These methods can potentially

be used to develop other cohorts using data from other large health care systems.

Multiple study limitations are noted. We tested our recruitment approach in only one facil-

ity. However, to determine if our text search methods were generalizable to the VA system, we

used the same methods to search one year of text notes of patients in 2015 in a cohort of hospi-

talized VA patients from other states where marijuana is legal. We identified 24,267 patients

65 to 67 years old with coronary artery disease in states where marijuana was legal. Among

these patients, 7855 had a marijuana term in their notes suggesting that this proposed method

of recruitment for a cardiovascular cohort study is feasible. Second, it is unknown whether VA

providers are more likely to document marijuana use compared to providers in other health

systems. Our cohort construction method should be replicated in other health systems as the

availability of a VA search function as well as our ability to centralize all the notes from the

sample aided our ability to implement this approach. Third, we had access to contact informa-

tion and both home and cell phone numbers as part of the electronic medical record. This

access significantly aided our recruitment methods. Medical marijuana is also legal in Califor-

nia, which may have also aided the response rate as well as improved the accuracy of documen-

tation. Finally, the age range of this sample was narrow and the sample size small. The findings

may not generalize to younger populations that may be more reluctant to share their use with

health care providers. This method to identify marijuana users should be tested in larger data-

sets that are more representative of the population.

Past research in the health effects of marijuana has been limited because developing suffi-

ciently large cohorts with sufficient use to study has been challenging. In this study, we demon-

strate the feasibility of developing large prospective cohorts of marijuana users. Such cohorts

can be used to answer important questions regarding the health effects of marijuana in the era

of legalization. We also demonstrate that methods that combine information available in the

free text of the medical record with patient health interviews provide opportunities for a more

efficient approach to the development of prospective cohort studies. Future work should repli-

cate our method of cohort construction in other health systems, and for other health factors

and outcomes.

Author Contributions

Conceptualization: Salomeh Keyhani, Marzieh Vali, Beth Cohen, Deborah Hasin.

Data curation: Salomeh Keyhani, Marzieh Vali, Alexandra Woodbridge, Melanie Arenson,

Elnaz Eilkhani.

Formal analysis: Salomeh Keyhani.

Investigation: Salomeh Keyhani.

Methodology: Salomeh Keyhani, Marzieh Vali, Beth Cohen, Christina Aivadyan, Deborah

Hasin.

Project administration: Salomeh Keyhani, Alexandra Woodbridge, Melanie Arenson, Elnaz

Eilkhani, Christina Aivadyan.

Resources: Salomeh Keyhani.

Identifying marijuana users using text searches

PLOS ONE | https://doi.org/10.1371/journal.pone.0193706 March 6, 2018 6 / 8

https://doi.org/10.1371/journal.pone.0193706


Supervision: Salomeh Keyhani, Beth Cohen.

Writing – original draft: Salomeh Keyhani, Alexandra Woodbridge.

Writing – review & editing: Salomeh Keyhani, Beth Cohen, Christina Aivadyan, Deborah

Hasin.

References
1. Hickman DE, Stebbins MR, Hanak JR, Guglielmo BJ. Pharmacy-based intervention to reduce antibiotic

use for acute bronchitis. Ann Pharmacother. 2003; 37:187–191 https://doi.org/10.1177/

106002800303700204 PMID: 12549944

2. Volkow ND, Compton WM, Weiss SR. Adverse health effects of marijuana use. The New England jour-

nal of medicine. 2014; 371:879

3. Monte AA, Zane RD, Heard KJ. The implications of marijuana legalization in colorado. Jama. 2015;

313:241–242 https://doi.org/10.1001/jama.2014.17057 PMID: 25486283

4. Patton GC, Coffey C, Carlin JB, Sawyer SM, Lynskey M. Reverse gateways? Frequent cannabis use

as a predictor of tobacco initiation and nicotine dependence. Addiction. 2005; 100:1518–1525 https://

doi.org/10.1111/j.1360-0443.2005.01220.x PMID: 16185213

5. Ramo DE, Delucchi KL, Hall SM, Liu H, Prochaska JJ. Marijuana and tobacco co-use in young adults:

Patterns and thoughts about use. Journal of studies on alcohol and drugs. 2013; 74:301–310 PMID:

23384378

6. Hasin DS, Saha TD, Kerridge BT, Goldstein RB, Chou SP, Zhang H, et al. Prevalence of marijuana use

disorders in the united states between 2001–2002 and 2012–2013. JAMA psychiatry. 2015; 72:1235–

1242 https://doi.org/10.1001/jamapsychiatry.2015.1858 PMID: 26502112

7. Hasin DS, Grant B. Nesarc findings on increased prevalence of marijuana use disorders-consistent with

other sources of information. JAMA psychiatry. 2016; 73:532

8. Compton WM, Han B, Jones CM, Blanco C, Hughes A. Marijuana use and use disorders in adults in the

USA, 2002–14: Analysis of annual cross-sectional surveys. The lancet. Psychiatry. 2016; 3:954–964

https://doi.org/10.1016/S2215-0366(16)30208-5 PMID: 27592339

9. Bostwick JM. Blurred boundaries: The therapeutics and politics of medical marijuana. Mayo Clinic pro-

ceedings. 2012; 87:172–186 https://doi.org/10.1016/j.mayocp.2011.10.003 PMID: 22305029

10. Tashkin DP, Coulson AH, Clark VA, Simmons M, Bourque LB, Duann S,et al. Respiratory symptoms

and lung function in habitual heavy smokers of marijuana alone, smokers of marijuana and tobacco,

smokers of tobacco alone, and nonsmokers. The American review of respiratory disease. 1987;

135:209–216 https://doi.org/10.1164/arrd.1987.135.1.209 PMID: 3492159

11. Moir D, Rickert WS, Levasseur G, Larose Y, Maertens R, White P, et al. A comparison of mainstream

and sidestream marijuana and tobacco cigarette smoke produced under two machine smoking condi-

tions. Chemical research in toxicology. 2008; 21:494–502 https://doi.org/10.1021/tx700275p PMID:

18062674

12. Sarafian TA, Magallanes JA, Shau H, Tashkin D, Roth MD. Oxidative stress produced by marijuana

smoke. An adverse effect enhanced by cannabinoids. American journal of respiratory cell and molecu-

lar biology. 1999; 20:1286–1293 https://doi.org/10.1165/ajrcmb.20.6.3424 PMID: 10340948

13. Wu TC, Tashkin DP, Djahed B, Rose JE. Pulmonary hazards of smoking marijuana as compared with

tobacco. The New England journal of medicine. 1988; 318:347–351 https://doi.org/10.1056/

NEJM198802113180603 PMID: 3340105

14. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al. Executive summary: Heart

disease and stroke statistics—2013 update: A report from the american heart association. Circulation.

2013; 127:143–152 https://doi.org/10.1161/CIR.0b013e318282ab8f PMID: 23283859

15. Higgins M, Keller JB, Wagenknecht LE, Townsend MC, Sparrow D, Jacobs DR Jr., et al. Pulmonary

function and cardiovascular risk factor relationships in black and in white young men and women. The

cardia study. Chest. 1991; 99:315–322 PMID: 1989788

16. Zhang ZF, Morgenstern H, Spitz MR, Tashkin DP, Yu GP, Marshall JR, et al. Marijuana use and

increased risk of squamous cell carcinoma of the head and neck. Cancer epidemiology, biomarkers &

prevention: a publication of the American Association for Cancer Research, cosponsored by the Ameri-

can Society of Preventive Oncology. 1999; 8:1071–1078

17. Hashibe M, Straif K, Tashkin DP, Morgenstern H, Greenland S, Zhang ZF. Epidemiologic review of mar-

ijuana use and cancer risk. Alcohol. 2005; 35:265–275 https://doi.org/10.1016/j.alcohol.2005.04.008

PMID: 16054989

Identifying marijuana users using text searches

PLOS ONE | https://doi.org/10.1371/journal.pone.0193706 March 6, 2018 7 / 8

https://doi.org/10.1177/106002800303700204
https://doi.org/10.1177/106002800303700204
http://www.ncbi.nlm.nih.gov/pubmed/12549944
https://doi.org/10.1001/jama.2014.17057
http://www.ncbi.nlm.nih.gov/pubmed/25486283
https://doi.org/10.1111/j.1360-0443.2005.01220.x
https://doi.org/10.1111/j.1360-0443.2005.01220.x
http://www.ncbi.nlm.nih.gov/pubmed/16185213
http://www.ncbi.nlm.nih.gov/pubmed/23384378
https://doi.org/10.1001/jamapsychiatry.2015.1858
http://www.ncbi.nlm.nih.gov/pubmed/26502112
https://doi.org/10.1016/S2215-0366(16)30208-5
http://www.ncbi.nlm.nih.gov/pubmed/27592339
https://doi.org/10.1016/j.mayocp.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/22305029
https://doi.org/10.1164/arrd.1987.135.1.209
http://www.ncbi.nlm.nih.gov/pubmed/3492159
https://doi.org/10.1021/tx700275p
http://www.ncbi.nlm.nih.gov/pubmed/18062674
https://doi.org/10.1165/ajrcmb.20.6.3424
http://www.ncbi.nlm.nih.gov/pubmed/10340948
https://doi.org/10.1056/NEJM198802113180603
https://doi.org/10.1056/NEJM198802113180603
http://www.ncbi.nlm.nih.gov/pubmed/3340105
https://doi.org/10.1161/CIR.0b013e318282ab8f
http://www.ncbi.nlm.nih.gov/pubmed/23283859
http://www.ncbi.nlm.nih.gov/pubmed/1989788
https://doi.org/10.1016/j.alcohol.2005.04.008
http://www.ncbi.nlm.nih.gov/pubmed/16054989
https://doi.org/10.1371/journal.pone.0193706


18. Hasin DS, Kerridge BT, Saha TD, Huang B, Pickering R, Smith SM,et al. Prevalence and correlates of

dsm-5 cannabis use disorder, 2012–2013: Findings from the national epidemiologic survey on alcohol

and related conditions-iii. The American journal of psychiatry. 2016; 173:588–599 https://doi.org/10.

1176/appi.ajp.2015.15070907 PMID: 26940807

19. Rodondi N, Pletcher MJ, Liu K, Hulley SB, Sidney S. Coronary Artery Risk Development in Young

Adults S. Marijuana use, diet, body mass index, and cardiovascular risk factors (from the cardia study).

The American journal of cardiology. 2006; 98:478–484 https://doi.org/10.1016/j.amjcard.2006.03.024

PMID: 16893701

20. Hasin DS, Greenstein E, Aivadyan C, Stohl M, Aharonovich E, Saha T, et al. The alcohol use disorder

and associated disabilities interview schedule-5 (audadis-5): Procedural validity of substance use disor-

ders modules through clinical re-appraisal in a general population sample. Drug and alcohol depen-

dence. 2015; 148:40–46 https://doi.org/10.1016/j.drugalcdep.2014.12.011 PMID: 25604321

21. National health interview survey.

22. Godin G SR. Godin leisure-time exercise questionnaire Medicine and Science in Sports and Exercise.

1997;29 June Supplement:S36–S38

23. Rubinsky AD, Dawson DA, Williams EC, Kivlahan DR, Bradley KA. Audit-c scores as a scaled marker

of mean daily drinking, alcohol use disorder severity, and probability of alcohol dependence in a u.S.

General population sample of drinkers. Alcoholism, clinical and experimental research. 2013; 37:1380–

1390 https://doi.org/10.1111/acer.12092 PMID: 23906469

24. Pletcher MJ, Vittinghoff E, Kalhan R, Richman J, Safford M, Sidney S,et al. Association between mari-

juana exposure and pulmonary function over 20 years. Jama. 2012; 307:173–181 https://doi.org/10.

1001/jama.2011.1961 PMID: 22235088

25. Hammash MH, Hall LA, Lennie TA, Heo S, Chung ML, Lee KS, et al. Psychometrics of the phq-9 as a

measure of depressive symptoms in patients with heart failure. European journal of cardiovascular

nursing: journal of the Working Group on Cardiovascular Nursing of the European Society of Cardiol-

ogy. 2013; 12:446–453

26. Thombs BD, Benedetti A, Kloda LA, Levis B, Nicolau I, Cuijpers P,et al. The diagnostic accuracy of the

patient health questionnaire-2 (phq-2), patient health questionnaire-8 (phq-8), and patient health ques-

tionnaire-9 (phq-9) for detecting major depression: Protocol for a systematic review and individual

patient data meta-analyses. Systematic reviews. 2014; 3:124 https://doi.org/10.1186/2046-4053-3-124

PMID: 25348422

27. Spoont MR, Williams JW Jr., Kehle-Forbes S, Nieuwsma JA, Mann-Wrobel MC, Gross R. Does this

patient have posttraumatic stress disorder?: Rational clinical examination systematic review. Jama.

2015; 314:501–510 https://doi.org/10.1001/jama.2015.7877 PMID: 26241601

28. Welsh CH, Thompson K, Long-Krug S. Evaluation of patient-perceived health status using the medical

outcomes survey short-form 36 in an intensive care unit population. Critical care medicine. 1999;

27:1466–1471 PMID: 10470751

29. Gustman AL, Steinmeier TL. Retirement and wealth. Social security bulletin. 2001; 64:66–91 PMID:

12428511

30. Marijuana and medicine: Assessing the science base. Washington, dc: National academy press; 1999.

Identifying marijuana users using text searches

PLOS ONE | https://doi.org/10.1371/journal.pone.0193706 March 6, 2018 8 / 8

https://doi.org/10.1176/appi.ajp.2015.15070907
https://doi.org/10.1176/appi.ajp.2015.15070907
http://www.ncbi.nlm.nih.gov/pubmed/26940807
https://doi.org/10.1016/j.amjcard.2006.03.024
http://www.ncbi.nlm.nih.gov/pubmed/16893701
https://doi.org/10.1016/j.drugalcdep.2014.12.011
http://www.ncbi.nlm.nih.gov/pubmed/25604321
https://doi.org/10.1111/acer.12092
http://www.ncbi.nlm.nih.gov/pubmed/23906469
https://doi.org/10.1001/jama.2011.1961
https://doi.org/10.1001/jama.2011.1961
http://www.ncbi.nlm.nih.gov/pubmed/22235088
https://doi.org/10.1186/2046-4053-3-124
http://www.ncbi.nlm.nih.gov/pubmed/25348422
https://doi.org/10.1001/jama.2015.7877
http://www.ncbi.nlm.nih.gov/pubmed/26241601
http://www.ncbi.nlm.nih.gov/pubmed/10470751
http://www.ncbi.nlm.nih.gov/pubmed/12428511
https://doi.org/10.1371/journal.pone.0193706



