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Abstract

Introduction—Brief smoking-cessation interventions in primary care settings are effective, but 

delivery of these services remains low. The Centers for Medicare and Medicaid Services’ 

Meaningful Use (MU) of Electronic Health Record (EHR) Incentive Program could increase rates 

of smoking assessment and cessation assistance among vulnerable populations. This study 

examined if smoking status assessment, cessation assistance, and odds of being a current smoker 

changed after Stage 1 MU implementation.

Methods—EHR data were extracted from 26 community health centers with an EHR in place by 

June 15, 2009. AORs were computed for each binary outcome (smoking status assessment, 

counseling given, smoking-cessation medications ordered/discussed, current smoking status), 

comparing 2010 (pre-MU), 2012 (MU preparation), and 2014 (MU fully implemented) for 

pregnant and non-pregnant patients.

Results—Non-pregnant patients had decreased odds of current smoking over time; odds for all 

other outcomes increased except for medication orders from 2010 to 2012. Among pregnant 

patients, odds of assessment and counseling increased across all years. Odds of discussing or 
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ordering of cessation medications increased from 2010 compared with the other two study years; 

however, medication orders alone did not change over time, and current smoking only decreased 

from 2010 to 2012. Compared with non-pregnant patients, a lower percentage of pregnant patients 

were provided counseling.

Conclusions—Findings suggest that incentives for MU of EHRs increase the odds of smoking 

assessment and cessation assistance, which could lead to decreased smoking rates among 

vulnerable populations. Continued efforts for provision of cessation assistance among pregnant 

patients is warranted.

INTRODUCTION

The National Commission of Prevention Priorities identified tobacco use screening and 

cessation interventions as the highest priority clinical preventive service for adults in the 

general population.1 Evidence-based guidelines for primary care delivery of smoking-

cessation treatments now constitute standard care2–4 and clinical practice guidelines stress 

the “5 A’s” (Ask, Advise, Assess, Assist, Arrange). Although healthcare provider adherence 

to the first two is relatively high,4,5 assessment of readiness to quit, assistance in quitting, 

and arranging for follow-up remain low.2,4–7

Through efforts to increase the likelihood of assessing and treating tobacco use, advances 

have been made in the use of electronic health records (EHRs) during primary care visits. A 

recent Cochrane review found an increase in some of the recommended provider guidelines 

after EHR modifications specific to prompting smoking assessment and treatment8; 

however, effects were modest and additional research was recommended. As part of the 

American Recovery and Reinvestment Act of 2009, the Centers for Medicare and Medicaid 

Services was authorized to provide incentive payments to clinicians and hospitals with the 

goal of achieving specified improvements in care processes and outcomes through the 

“meaningful use” (MU) of EHRs.9 Stage 1 MU included two mandatory tobacco-specific 

measures. One required recording of smoking status for at least 50% of patients aged ≥ 13 

years.10 The other required recording the percentage of patients aged ≥ 18 years who were 

screened for tobacco use one or more times within 24 months and who received a cessation 

intervention if identified as a tobacco user; there was no benchmark minimum proportion 

that the provider needed to meet.

This study examined changes in the screening and treatment of smoking pre- and post-

implementation of Stage 1 MU among Oregon community health center (CHC) patients, 

most of whom are uninsured or Medicaid recipients11 and have disproportionately high rate 

of smoking compared with patients seen in private primary care clinics. Oregon’s MU 

incentive program launched in September 201112; however, for the first year of the program, 

eligible professionals were only required to attest to EHR adoption, implementation, or 

upgrade. Thus, the present analyses compared rates of assessment/assistance in 2010 (prior 

to preparation or implementation of Stage 1 MU), 2012 (OCHIN Oregon-wide preparation 

for Stage 1 MU with the addition of readiness to quit and counseling given fields to the vital 

signs in April 2012), and 2014 (Stage 1 MU fully implemented). Given the amount of 

resources invested in this incentive program, it is critical to determine if these efforts result 
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in measurable improvements in patient care, and ultimately, in patient health outcomes. It 

was hypothesized that the odds of assessment and assistance would increase over time, with 

a corresponding decrease in odds of smoking.

METHODS

Study Sample

OCHIN electronic health record—OCHIN (formerly the Oregon Community Health 

Information Network and abbreviated to OCHIN as it expanded beyond Oregon) is a 

nonprofit health information technology organization providing a single, linked (each patient 

has a single ID number and medical record shared across every clinic in the network) 

instance of the Epic® EHR.13,14 Data from 26 Oregon CHCs, federally qualified heath 

centers that are subsidized to serve low-income and vulnerable populations, that were using 

OCHIN’s EHR before July 1, 2009 were extracted from both structured EHR fields, as well 

as from non-structured fields (i.e., progress notes, clinical comment fields, after visit 

summaries, and patient education materials handed out at clinical visits) using natural 

language processing (NLP).15 In particular, this study used the MediClass system (a 

MEDIcal record CLASSifier), configured and validated to detect smoking-cessation care 

events in EHR data for the 5A’s of smoking cessation.16 This application of the MediClass 

system has been utilized in diverse EHR systems, including the OCHIN EHR.17,18

Adults aged ≥ 18 years with at least one primary care visit to one of the study CHCs in 

2010, 2012, or 2014 were included, and a subset of the patients coded in the EHR as current 

smokers within each measurement year were identified. Individual patients may have been 

included in more than 1 of the 3 years, but data were examined independently each year; that 

is, the authors did not link data for individual patients across the included years. Given the 

potential differences in smoking rates and cessation assistance among pregnant women, data 

were analyzed separately for this subgroup.

Measures

All outcomes were dichotomized (yes versus no). Changes made within the EHR are date 

stamped and saved; thus, an outcome was considered “yes” if date stamped within the 

measurement year. The denominator for smoking status assessment included all study 

patients within a measurement year; the denominator for all other outcomes included 

patients identified as smokers within a measurement year.

Smoking status was considered to be assessed if changes were made to the discrete data field 

with drop-down options for smoking status (located in both the vital signs and social history 

in all study years), if the button was selected to confirm that smoking status was reviewed, or 

if a status was captured via NLP in the free-text notes within the measurement year.

A patient was identified as a current smoker if smoking status in the discrete data field was 

“current every day,” “current some day,” “smoker, current status unknown,” “heavy tobacco 

smoker,” or “light tobacco smoker.”
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Receipt of counseling was deemed “yes” if the discrete field, “counseling given,” was coded 

as “yes,” if identified by standard procedure codes for smoking-cessation counseling or an 

internal OCHIN Epic code for counseling referral, or if any statements in the free-text fields 

about smoking and cessation (e.g., goals, triggers, efforts) were identified.

Smoking-cessation medication orders (bupropion, varenicline, and all nicotine-replacement 

therapy products) were extracted from the medication orders list. In addition to orders, 

another variable was created (“medications ordered or discussed”) that included orders or 

any discussion of cessation medications as captured in the free text via NLP. It was deemed 

important to capture whether discussions of medication increased, even if it did not result in 

an order for a medication per se. This included discussions of medications the patient was 

already taking or might have wanted to try, education about available medications, nicotine-

replacment therapy that might not have resulted in an order because it wsa available over the 

counter, and medications that were ordered or adjusted.

The independent variable was measurement year. In 2010, the “ready to quit” and 

“counseling given” fields were located in the social history tab of the EHR; in April 2012, in 

preparation for Stage 1 MU, these fields were also made accessible via the vital signs tab. 

Therefore, rates were examined prior to Stage 1 MU and prior to moving these indicators 

(2010), after these indicators were moved to the Vital Signs (April 2012), and after full 

implementation of Stage 1 MU (2014).

Statistical Analysis

Patient characteristics by smoking status and measurement year were described. Logistic 

regression was used to compute unadjusted (Appendix Tables 1 and 2) and AORs for each 

binary outcome, comparing 2012 versus 2010, 2014 versus 2012, and 2014 versus 2010. 

Models were adjusted for known variables associated with smoking rates/assistance: race/

ethnicity, gender, age category, household percentage of federal povery level (≤100% vs 

>100%), insurance status at majority of visits (insured versus uninsured), number of visits in 

the measurement year, and comorbid diseases (hypertension, lipid disorder, asthma/chronic 

obstructive pulmonary disease, cancer diagnosis, diabetes, psychiatric diagnosis, substance 

abuse diagnosis excluding tobacco use disorders).19–23 Service area of the patient’s primary 

clinic was included as a fixed effect to adjust for potential differences between health 

centers. The authors did not adjust for urban versus rural health center as >90% had a ZIP 

code in an urban setting across years, as identified using rural–urban commuting area codes. 

All analyses were conducted in 2016 using SAS, version 9.4.

RESULTS

Table 1 describes the demographic characteristics of the total sample, and smoking 

subgroups by year. There were significant differences in all characteristics over time for the 

total sample and the non-pregnant sample. For the subgroup of pregnant smokers, there were 

differences for prevalence of cancer (which may reflect small numbers), number of visits in 

the study year, and insurance status.
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Table 2 presents AORs for the subgroup of non-pregnant patients by study year (Appendix 

Table 1 lists comparable unadjusted ORs). Compared with patients in 2010, those seen in 

2012 had higher odds of smoking status assessment. Current smokers seen in 2012 had 

higher odds of receipt of cessation counseling, and medications ordered/discussed, but not in 

having a smoking-cessation medication ordered only, compared with 2010. Finally, the odds 

of being a current smoker were lower in 2012 than in 2010.

Compared with patients seen in 2010, those seen in 2014 had more than twice the odds of 

having smoking status assessed, and seven times the odds of counseling receipt. Patients 

seen in 2014 had higher odds of having a cessation medication ordered only, and of having a 

cessation medication ordered/discussed compared with those seen in 2010. The odds of 

being a current smoker were lower in 2014 than in 2010.

Comparing 2014 to 2012 revealed significantly higher odds of smoking status assessment in 

2014, and twofold increase in the odds of receipt of counseling among current smokers. 

Patients seen in 2014 also had 10% increased odds of having a smoking-cessation 

medication ordered only and almost 40% increased odds of a cessation medication ordered/

discussed at a visit. Finally, the odds of having a current smoking status were significantly 

lower in 2014 than in 2012.

Table 3 presents data for the subgroup of pregnant women by study year. The adjusted odds 

of having smoking status assessed increased over the measurement years (Appendix Table 2 

lists comparable unadjusted ORs). Compared with pregnant smokers seen in 2010, those 

seen in 2012 had five times higher odds of receiving counseling; odds were more than ten 

times higher in 2014 versus 2010. Comparisons between 2014 and 2012 revealed more than 

two times the odds for receipt of counseling in 2014 as in 2012. Odds of having smoking-

cessation medications ordered/discussed were higher in both 2014 and 2012 compared with 

2010; however, there were no significant differences between any of the study years for 

smoking-cessation medication orders only. The only statistically significant difference in 

current smoking was between 2010 and 2012.

DISCUSSION

This study used 3 years of EHR data from CHCs to examine the potential impact of Stage 1 

MU on smoking assessment and cessation assistance, and on odds of current smoking. The 

results were noteworthy, with significantly higher ORs for all outcomes for non-pregnant 

adult patients, and an increase in counseling provided among pregnant patients, after 

implementation of MU (2014) compared with years prior. These findings suggest that this 

public policy initiative has had a significant and positive effect on smoking-cessation 

assessment and assistance among a population of underserved patients with 

disproportionately high rates of smoking. The corresponding reduction in the percentage of 

current smokers over the study years is also notable. Though the overall decrease in current 

smoking was small, 30.3% in 2010 versus 27.2% in 2014, given the public healthcare costs 

and comorbidities associated with smoking, this change is highly significant from a public 

health perspective. Although causality cannot be assumed, the internal consistency of the 
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data, with increases in assessment, counseling, and medication provision paralleling the fall 

in odds of current smoking, it is reasonable to hypothesize that there is a causal link.

The CHCs in this study were already assessing a high proportion of patients for smoking 

status, even prior to the implementation of MU. In 2014, less than 3% patients were not 

screened or had not had their smoking status reviewed. This is substantially lower than rates 

reported in most studies,8,24–28 although consistent with research that has shown that 

inclusion of smoking status as a vital sign increases the rates of identifying smokers.8,29–35 

Higher rates of assessment over all study years could be indicative of the OCHIN workflow 

standard, which requires review and documentation of tobacco use status at each primary 

care encounter, and the increase in odds over time suggests that the MU initiative had an 

impact, despite already meeting the Stage 1 MU benchmark of ≥ 50% of patients assessed.

The proportion of patients provided smoking-cessation counseling increased substantially 

over the years. This was expected given the inclusion of this field in the vital signs in April 

2012; however, this does not tell the whole story as there were significant differences 

between 2012 and 2014. Counseling was provided to 69% of patients in 2014 versus 54% in 

2012. This is substantially higher than reported in most studies, although many prior studies 

were conducted before MU implementation.6,21,24,26,36 These results are similar to a survey-

based study among CHC patients, reporting 68% of current smokers received some 

counseling during an office visit.20 The 2014 Heath Center Data from the Health Services 

and Resources Administration reported a national rate of 81% of patients screened for use 

and receiving appropriate cessation assistance among health centers and 75% among 

lookalike centers (i.e., those meeting all health center program requirements, but not 

receiving health center grant funding).37 The higher reported rate from the Health Services 

and Resources Administration could be due to differences in the numerator and denominator 

criteria. It should be noted that providers were not incentivized for reaching a set benchmark 

proportion of patients with receipt of smoking-cessation assistance. They were only required 

to show that they could extract, and report on, these data from their EHR. The increases over 

time are promising and suggest that health centers are providing much-needed smoking-

cessation assistance to many of the nation’s most vulnerable populations.

Finally, among the non-pregnant study population of current smokers, there was a significant 

increase in smoking-cessation medication orders only in 2014 compared with 2012 and 

2010. These are likely conservative estimates of medication assistance as nicotine-

replacement therapy is available without a prescription and may not be entered in the order 

list unless covered by health insurance. This may be more likely among uninsured patients, 

as they would pay regardless of whether or not a medication was prescribed.

Including NLP to identify mention of smoking-cessation medications within a visit provides 

further evidence that providers are actively discussing medication assistance with patients, 

and not just fulfilling documentation requirements. In 2014, almost half of all smokers had 

evidence of documentation of at least one smoking-cessation medication discussed or 

ordered at a visit, compared with 40% in 2012, and less than 30% in 2010. This is important 

as it suggests that even if smoking-cessation medication orders are relatively low, 

discussions of available options might be increasingly common during office visits. These 
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dialogues can result in informed decision making by patients if they decide to make a quit 

attempt.

Similar patterns were seen among the subset of pregnant women, except for medication 

orders only and odds of current smoking. The insignificant change over time in medication 

orders recorded among this population was expected as provision of pharmacotherapy for 

cessation among pregnant women is not an A or B recommendation of the U.S. Preventive 

Services Task Force.38 Current smoking did not decrease over time, despite the increase in 

receipt of counseling. Given that medication plus counseling substantially increases 

cessation rates compared with counseling alone2 and only a little more than half of pregnant 

women received counseling, the insignificant change in smoking rates is not surprising, 

albeit it is concerning.

Compared with non-pregnant patients in 2014, a slightly higher percentage of pregnant 

women were assessed for smoking status (97.8% vs 95.5%), but a lower percentage was 

provided counseling for smoking-cessation assistance (55.4% vs 69.5%). Future studies are 

warranted to understand the disparities between these two groups and to design specialized 

provider training for cessation assistance among pregnant women who smoke.

Limitations

This study was limited to an Oregon population of CHC patients; thus, results might not 

generalize to patients in other states or adults who seek care at non-CHCs. It could not be 

determined from the data available which patients had providers who had registered and 

attested to meeting MU measures; therefore, all adult patients who met study inclusion 

criteria were included. The denominator was limited to patients seen within each 

measurement year, whereas MU includes patients seen in the past 24 months; therefore, 

these findings should not be interpreted as a direct measure of MU performance.

As in most non-randomized, “natural experiments” of public policy changes, causality 

cannot be assumed, as it is difficult to control for other initiatives, programs, or trends that 

could impact results. For example, the Health Resources and Services Administration 

initiated required reporting of tobacco measures within the Uniform Data System for health 

centers in 2011, and the Affordable Care Act mandated tobacco-cessation assistance 

coverage beginning in 2014.39 The changes in Uniform Data System reporting likely 

influenced the higher rates of reporting in 2012; one would expect a leveling off in 

subsequent years, but this was not the case.37 The Affordable Care Act did provide coverage 

for smoking-cessation medications through insurance market places and Medicaid beginning 

in 2014; however, Oregon has had one of the most comprehensive cessation assistance 

programs since 1998, including elimination of copays on cessation products in 2009 for 

Medicaid-covered patients.40 Further, the Affordable Care Act mandated cessation coverage 

for pregnant women in 2010, yet there were substantial increases in rates of counseling 

assistance over all three study years, suggesting that insurance coverage was not the sole 

impetus of the changes reported over time in the current study.

Finally, although it could not be determined if providers documented solely to meet MU 

criteria without actually providing services, this seems unlikely as there was no benchmark 
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to meet for cessation assistance, and smoking status assessment was already greater than 

50% in 2010. Further, the contemporary decrease in smoking rates supports the conclusion 

that providers were delivering appropriate assessment and cessation services.

CONCLUSIONS

Findings from this study suggest that incentives for MU of EHRs can increase receipt of 

smoking-cessation assistance, which could lead to decreases in smoking rates among 

vulnerable populations. Continued efforts for provision of smoking-cessation assistance 

among pregnant patients are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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