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Abstract 

Smoking is the leading cause of preventable death in the United States. Obtaining patients’ smoking status is the 
first step in delivering smoking cessation counseling. In this study, we assessed the quality of smoking status 
captured in an electronic health record from a large academic medical center. We analyzed data from structured 
notes, finding that smoking status was documented in 98% of 64,451 hospital encounters in 2016. 32% hospital 
encounters had discrepant documentation, and 54.5% of patients had implausible changes (e.g., changes from 
“current smoker” to “never smoker”). Overall, only 2.9% of patients were documented as active smokers, but 
36.4% were documented as “unknown” or had discrepancies in their smoking status. These results suggest that 
patients that smoke are not appropriately identified. Centralized documentation with clinically actionable smoking 
status categories and implementation of patient-facing tools that allow patients to directly record their information 
could improve data quality of smoking status. 

 

Introduction 

Smoking is an important risk factor for multiple diseases, including cardiovascular diseases and numerous types of 
cancer. It remains the number one cause of preventable death in the United States.1 The collection of patients’ 
smoking status during clinical encounters is critical to providing patients with resources to quit smoking. Smoking 
cessation can be difficult, and clinical visits are opportunities to intervene and recommend smoking cessation 
programs and therapies. Obtaining a patient’s smoking status is a crucial step in beginning smoking cessation 
interventions and monitoring progress.2 It may seem that recording updates to smoking status in a timely and 
accurate manner would be straightforward using modern electronic health records. This may not be the case for 
several reasons, including lack of standard terminology and granularity for data collection, shifting cultural attitudes 
regarding tobacco use, and potentially frequent changes in individuals’ smoking behavior.3,4 As the American 
author, Mark Twain, famously quipped, “Giving up smoking is the easiest thing in the world. I know because I’ve 
done it thousands of times.”  

Given the clinical importance of smoking status, the “Meaningful Use” financial incentive program for electronic 
health record (EHR) adoption in the U.S. included a requirement for healthcare providers to capture patients’ 
smoking status electronically in structured fashion.5 Meaningful Use has helped to standardize data collection of 
smoking status and other information. However, even with improved standards for representing information, data 
quality issues have persisted in many patient-provided data types, such as race and ethnicity6,7 and family history.8,9 
Previous studies on data quality have shown that clinicians describe a need for free-text documentation for 
expressiveness of documentation; however, these affordances challenge data reuse.10 

Appreciating the challenges associated with data quality and the balance between the expressiveness of free-text and 
the benefits of structured data, we set out to answer a very simple question: how many of our hospital’s patients are 
known to be active smokers? We undertook a study to analyze how smoking status is currently being collected in a 
large academic medical center and to evaluate the quality of this data in EHRs. 

 

Methods 

We conducted a retrospective analysis of smoking status related data from the Allscripts Sunrise EHR (Allscripts 
Corp., Chicago IL) used at NewYork-Presbyterian Hospital/Columbia University Medical Center. We included 
patients that had at least one hospitalization during 2016, specifically patients that were discharged between January 
1, 2016 to December 31, 2016.  
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The EHR system contained thousands of active templates for documentation. Each of these templates contained one 
to several hundred discrete observations. An observation could be a text box, a Boolean (e.g., a checkbox or radio 
button), or numeric value. We identified observations in which the description contained the stemmed words 
“smok”, “cigar” or “tobacco” and queried the EHR database to identify the number of times each one of these 
observations have been recorded during the study period. The value can be either textual (e.g. when the parameter is 
“Cigarettes (packs per day)”) with the response typed into a free-text box, or it can be structured (e.g. selected from 
a picklist). The picklist is often shown as a set of radio buttons that users can pick one. For example, there is a 
parameter labeled “Tobacco Use / Smoking Status”, and one possible choice in the picklist is “Never smoker.” 

Exploratory analysis showed that 94% of patients had at least one structured smoking status observation recorded in 
a structured field. Based on this finding, we chose to use only the structured data for the remainder of the analyses. 
For comparison purposes, we classified smoking status into one out of four possible categories: “Current smoker”, 
“Former smoker”, “Never smoker”, and “Unknown smoking status” as described in Table 1. Observations such as 
“n/a for age” or “as per pt” were excluded from the analysis. Differences in smoking status recording were classified 
into two distinct categories: plausible, when the change is feasible to happen, and implausible, when the conflict is 
not possible to happen or in cases where there is loss of information. The description of this classification is 
illustrated in Figure 1. We also calculated the time interval (in days) between smoking status documentations to 
better understand the distribution of the data during the one-year study period. For example, time interval of zero 
means that both observations were recorded in the same day, time difference of one means that the second 
observation was recorded one day after the first one was recorded.  

Furthermore, we analyzed the discrepancies in smoking status reported for the same patient during the same visit, 
using data from different clinical notes in the EHR. We also investigated the discrepancies of smoking status 
recorded by different provider types (e.g., nurses, medical doctors, care coordinators, social workers). To analyze if 
provider types would have an impact in the number of discrepancies observed, we calculated the number of distinct 
providers’ roles recording smoking status for each admission. We then compared the number of distinct provider 
roles for patients with and without discrepancies in the smoking status recorded.  

Overall, data quality of smoking status was assessed based on the percentage of patients with consistent and 
informative smoking status available (i.e., not classified as “Unknown” in the database, and not conflicting).  

 

Results 

Overall, we reviewed 48,909 patients having 64,451 hospital encounters in the one-year study period. We identified 
203,048 observations of smoking status for 47,849 unique patients across 62,988 distinct hospital encounters. No 
smoking status documentation was identified for 1,463 visits from 1,060 distinct patients, representing 2% of the 
number of hospital encounters and 2% of the overall number of patients. In other words, 98% of patients and 98% of 
hospital visits had documentation regarding the patient’s smoking status. Of those records with smoking status, 
59,663 visits (93%) from 45,822 patients (94%) had this information recorded in structured format. After pre-
processing, 45,771 patients (94%), including 59,593 visits (92%) and 129,134 observations were classified into four 
distinct smoking status categories. The number of observations and the mapping to the simplified smoking 
categories are described in Table 1. The description of smoking status data during the one-year study period is 
described in Table 2. Patients had an average of 1.3 visits/patient during the study period, with the maximum 
number of visits a single patient being 23 visits. 

Longitudinal One-year Review  

Overall, 15,048 patients (32.9%) had smoking status recorded in a single note, and 30,723 patients (67.1%) had 
more than one note with documentation regarding smoking status. Among the patients with more than one note with 
smoking status documented, we identified 83,363 changes in documented smoking status collected longitudinally 
during the one-year study period.  

Among the changes in smoking status documentation, 32,582 (39.1%) had a conflicting smoking status. These 
discrepancies were observed in records from 15,207 distinct patients, representing 33.2% of our study population. 
However, because we are working on longitudinal data and smoking status is not a static concept since it can change 
over time, some of these discrepancies are feasible to happen. For example, someone that never smoked can become 
a smoker. Others, however, are implausible. For example, a non-smoker cannot become a former smoker, or a 
current smoker cannot become a never smoker, unless some of the data was recorded incorrectly. Other changes are 
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plausible, however not good from a data quality standpoint. Having a patient with documentation regarding smoking 
status and later not having smoking status (smoking status as “unknown”) demonstrates loss of information. 
Implausible changes as well as changes from a well-defined smoking status to uninformative category were 
considered discrepancies due to data quality issues. We identified 17,757 discrepancies (implausible changes and 
loss of information changes), which constituted 54.5% of changes, in 10,836 distinct patients. These discrepancies 
are represented in Figure 1 as dashed lines, while the other changes are represented in continuous lines. 

 

Table 1. Description of the mapping from smoking status categories as recorded in the EHR to the four clinically 
actionable categories. Smoking status categories documented in the EHR that utilize the standard criteria defined by 
the Meaningful Use program are highlighted in bold. 

 
 

Table 2. Description of smoking status data during the one-year study period. 
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Figure 1. Changes of smoking status overtime. Dashed changes demonstrate implausible discrepancies and 
continuous lines represent plausible changes in longitudinal data. The number of changes recorded in our sample is 
reported in parentheses and the percentage it represents for each category is included in the figure. 

 

On average the time interval between different smoking status documentation was 11 days, with a minimum of 0 
days (same day documentation), and a maximum of 362 days. Most patients (80.6%) had a time interval between 
documentation events of less than or equal to 10 days, with 61.1% of patients having a subsequent documentation 
event within one day of the previous event.  

 

 
Figure 2. Number of smoking status changes by time interval documentation. Time interval is measured in days. 
Number of status changes is represented in logarithmic scale. CDF = cumulative distribution function. 
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Duplicate Assessments During the Same Hospital Encounter  

While it is plausible to observe changes in smoking status over the course of one year, smoking status should not 
change during the same hospital encounter. Given this rationale, we considered all changes during a hospital 
encounter to reflect a data quality issue, since smoking status should be consistent throughout a single admission. 
During the study period, we identified 59,663 distinct encounters from 45,822 patients. Of those, 32.2% of the 
hospital encounters (19,176 visits) had at least one conflicting smoking status recorded, which includes 14,798 
patients (32.3% of our cohort of patients).  

 

Discrepancies Among Various Provider Roles  

For patients with a smoking status recorded in a structured field, 70.8% were documented as part of nursing notes, 
12.9% came from social work notes, 11.6% from physician notes, and the remaining (4.7%) from notes entered by 
other health care professionals. 

Among hospital encounters with more than one assessment of smoking status, encounters with documentation from 
a single role of provider (e.g., nurse) had fewer discrepancies compared with encounters containing smoking status 
assessments from providers with disparate roles (Table 3). For example, if multiple nurses documented smoking 
status during an admission, the number of distinct provider roles would be equal to one. However, if multiple nurses 
and multiple physicians documented this information, then the number of distinct provider roles would be two.  

 

Table 3. Description of smoking status data during the one-year study period. 

 
 

How many patients are smokers? 

Overall, 54.2% of the patients in our sample were classified as non-smokers, 6.5% as former smokers, 2.9% as 
current smokers and 3.2% as having unknown smoking status. The remaining 33.2% of patients had at least one 
discrepant assessment of smoking status documented. We determined that only 63.6% of our study population had a 
consistent, unchanging smoking status during the one-year study period (Figure 3). 

 
Figure 3. Smoking status of patients seen in 2016.  
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Discussion 

The Centers for Medicare and Medicaid Services (CMS) Meaningful Use program requires participating healthcare 
providers to record patients’ smoking status in a structured fashion.5 The program specifies eight distinct categories 
for collecting smoking status: “Current every day smoker”, “Current some day smoker”, “Former smoker”, “Never 
smoker”, “Smoker, current status unknown”, “Unknown if ever smoked”, “Heavy tobacco smoker” and “Light 
tobacco smoker”. 

We identified smoking status assessments (either represented in free-text or structured fields) for 98% of patients 
and 98% of visits. When focusing on structured documentation, we observed that 94% of patients and 92% of visits 
had at least one structured smoking status observation recorded.  

Despite the well-known and well-described importance of collecting smoking status, our institution’s EHR did not 
have a centralized location to store smoking status information. Smoking status was collected as part of clinical 
notes, in either structured or free-text format. The fact that disparate healthcare providers recorded this information 
in several different notes resulted in many inconsistencies across notes. Further complicating the matter, different 
note templates allowed for different granularities of smoking status data collection. Some templates included a free-
text box that allowed clinicians to enter details such as intensity of smoking, number of cigarettes per day, or when 
the patient stopped smoking. Other templates had only the Meaningful Use-required structured fields embedded.  

When analyzing smoking status data in the EHR, we transformed the Meaningful Use categories and other smoking 
status assessments into four clinically actionable categories: “Current smoker”, “Former smoker”, “Never smoker” 
and “Unknown smoking status”. We observed that a 33.2% of the patients had inconsistencies in the documented 
smoking status during the one-year study period and 32.3% of the patients had at least one discrepancy during a 
single visit. These discrepancies suggest that reliable information on smoking status may not be available for a large 
number of patients. 

Since we used longitudinal data, and smoking status is not a static concept (i.e., it can change over time), we 
classified smoking status changes into two distinct categories: plausible and implausible. In our study, implausible 
changes constituted 21.3% of all changes. Previous research has also identified consistency issues regarding tobacco 
use recorded in different notes in EHR systems. For example, in 2016 a research study used natural language 
processing to parse clinical notes and extract smoking status from various clinical notes. The authors identified 
several inconsistencies when comparing smoking status recorded in clinical notes.11 

Inconsistencies can be attributed to challenges in the data collection process, including clinician-related and patient-
related factors. Clinicians may not inquire at all about a patient’s smoking status, or they might ask the question in a 
manner that leads to bias in the patient’s answer. Depending on how clinicians phrase the question, patients may not 
feel comfortable answering. On the other hand, patients may have their own motivations to be less than truthful 
when providing smoking status information to clinicians, or they may inexplicably provide different smoking status 
responses depending on the person asking. 

We conducted an analysis to identify whether hospital encounters with more than one clinical note without 
discrepancies were more likely to have documentation from a single provider role than encounters with 
discrepancies. Interestingly, we identified that encounters with multiple notes documented by the same type of 
provider had less discrepancies than patients with documentation from multiple types of providers. The difference 
we observed in discrepancies may be explained by the fact that clinicians usually do not read notes from other 
clinicians’ roles. Previous studies have shown that most clinical notes are not read by the entire clinical team.12 
Instead, clinicians may be more inclined to read clinical notes from their peers (i.e., within the same provider role). 
While it is important for multiple providers to assess patients’ smoking status, barriers to accessing previously 
documented information regarding tobacco use by healthcare providers may increase vulnerabilities that allow 
discrepancies to propagate.  

Going back to our initial question of “how many patients are current smokers?” -- the answer is, we do not know. 
Based on the analysis conducted in this study, more than half of the patients during the one-year study period were 
recorded consistently as non-smokers and just 2.9% were recorded consistently as current smokers. In contrast, other 
population-based studies estimate that 15.1% of adult Americans smoke.13 One-third of the studied population had 
inconsistencies in their smoking status, making the determination of tobacco use for these patients difficult. While 
smoking status was documented in 98% of hospital encounters (and therefore the criteria of Meaningful Use were 
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satisfied), our one-year sample of hospital encounters did not contain consistent smoking status information for 
36.4% of patients. 

One limitation of our analysis was the use of data from only a single year and from only a single healthcare system. 
During a one-year period within our EHR system, we found that 33.2% of patients had discrepancies in 
documentation of smoking status. Furthermore, 54.5% of those inconsistencies were deemed implausible (Figure 1). 
Most patients had changes recorded within 10 days of the previous smoking status assessment. Given the short time 
difference between documentation events, even plausible changes (e.g., converting from “current smoker” to 
“former smoker”) seem unlikely. These data quality issues demonstrate just some of the considerable challenges 
healthcare providers and secondary users of EHR data. If we have difficulty in identifying a single meaningful and 
consistent smoking status using only one-year worth of data, the use and sharing of multiple years of data present 
even bigger challenges. For example, for encounters with conflicting smoking statuses, which one should be used in 
a clinical decision support system related to smoking cessation? Or which one should be reported to external 
organizations? Efforts using smoking status information from EHRs, including future smoking cessation initiatives, 
should further investigate patients identified as “Unknown smoking status” as well as patients with discrepancies in 
smoking status.  

 

Recommendations 

In this study, we observed that smoking status is currently being collected as part of clinical notes by multiple 
healthcare providers, and for almost all patients. The categories used are not consistent across clinical notes, 
recording smoking status in different granularities. We propose the use of four distinct clinically actionable 
categories: “Never smoker”, “Current smoker”, “Former smoker” and “Unknown smoking status”. More detailed 
information for each one of these could also be collected in a standardized fashion, such as “packs/day” and start 
and quit date. Currently, this additional information is being captured in free-text format and inconsistent across 
notes (e.g. some use packs/day while other record this information as cigarettes/day).  

In our institution, smoking status is not stored in a centralized location, but is rather being collected as part of 
disparate clinical notes. The current system of data collection of smoking status presents challenges consistently 
collecting this information. While it is important for multiple providers to collect patients’ tobacco use information, 
the fact that this information is collected and stored in various notes without standardization makes it challenging for 
clinicians to know if the patient already provided their smoking status to other clinicians, and whether this 
information is longitudinally consistent. In an attempt to solve these challenges, we propose to store patients’ 
smoking status in a centralized fashion and having clinicians verifying this information in every encounter by asking 
patients about tobacco use.  

One way to improve the consistency and correctness of patient-reported information, such as smoking status, is to 
allow patients to review and update their own information. This task can be facilitated by health information 
technology in many ways, including the use of patient portals and tablet computers for this task. Patient-facing tools 
have been used for collection of multiple patient-provided data types such as race and ethnicity, family history, 
symptoms, medication reconciliation and adherence. These studies have shown that patients are willing to provide 
and review their information14-16, that EHR data is often incomplete or inaccurate6-8,17-23 and that patients can 
identify discrepancies, provide useful information and help keeping records up-to-date.18,24-26 Studies have also 
shown that there are many benefits of involving patients in their care, including improving patient engagement, 
patient satisfaction, health behaviors and health status as well as helping to attract and retain patients.27-31 With 
patient-facing tools, patients could provide their smoking status based of the four clinically actionable categories, as 
described above. Patients providing this information to a computer could also mitigate the potential biases 
introduced by clinicians asking the question.  

 

Conclusion 

In summary, while 98% of hospital encounters at our institution during 2016 contained information regarding the 
patients’ smoking status, 32% of the encounters had discrepancies in smoking status information. For encounters 
with more than one clinical note documenting smoking status information, 54% of the subsequent documentation 
events had implausible changes. While other sources suggest that approximately 15% of adult Americans smoke, 
only 2.9% of our patients were consistently documented as current smokers. This finding demonstrates that while 
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Meaningful Use has improved data collection of smoking status in terms of completeness, we may not be 
appropriately identifying patients that smoke. Centralized documentation with clinically actionable smoking status 
categories available for data collection, and implementation of patient-facing tools that allow patients to directly 
record their information, may help improve data quality of smoking status in EHRs.  
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