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Introduction

It is well established that cigarette smoking is a major risk factor for 
the development of many types of cancer.1,2 Among cancer patients, 
continued smoking after a cancer diagnosis has been consistently 
linked to increased likelihood of experiencing cancer recurrence or 
developing a second primary cancer and greater risk for experienc-
ing cancer treatment-related toxicities.3 Despite the strong evidence 

linking smoking to poorer cancer outcome, many smokers con-

tinue smoking after cancer diagnosis.4,5 For example, research sug-

gests that up to 50% of lung and head and neck cancer patients are 

smokers at the time of cancer diagnosis and that over half of these 

smokers will continue smoking postdiagnosis.6,7 These findings high-

light the need for a better understanding of the factors that relate to 

smoking and quitting among cancer patients.
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Abstract

Introduction: The purpose of this electronic daily diary study was to examine the relation of pain 
to smoking and quit attempts among 34 cancer patients with pain enrolled in a smoking cessation 
program.
Methods: Electronic daily diary assessments of pain and smoking were collected at the end of each 
day for a 2-week period during smoking cessation treatment. Pain experienced throughout the day 
was measured on a scale from 1 to 5, from “no pain” to “pain as bad as you can imagine.” Smoking 
was defined as the number of cigarettes smoked per day.
Results: Linear multilevel modeling was used in examining associations between pain and smok-
ing. A within-person pain and smoking association was found, such that greater daily pain was 
linked to greater daily smoking within individuals, controlling for baseline symptoms, nicotine 
dependence, smoking urge, age, and gender. No between-person pain and smoking association 
was observed. Additionally, cancer patients with higher average pain across the 2-week assess-
ment period were less likely to make a quit attempt (defined as a day on which participants smoked 
no cigarettes) during the study period.
Conclusions: The findings of this study add to a nascent literature on pain and smoking by provid-
ing initial evidence that pain may be a barrier to quitting among cancer patients who smoke and 
have pain. Future research examining the effectiveness of integrated pain and smoking cessation 
treatment in this population may be warranted.
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One variable that may be important in smoking among cancer 
patients is pain.8,9 It is estimated that over half of cancer patients 
experience cancer-related pain as a result of the disease or its treat-
ment.10–12 In fact, pain is often described as one the most troubling 
aspects of cancer and has a large impact on quality of life among 
cancer patients.13 Among cancer patients, greater pain has been 
linked to smoking status. Findings from two cross-sectional surveys 
of cancer patients demonstrated that current smokers reported more 
pain than nonsmokers.8,9

The reciprocal model of pain and smoking proposed by Ditre 
and colleagues provides a framework for understanding this asso-
ciation between pain and smoking. This model proposes that the 
relationship between pain and smoking is characterized by bidirec-
tional influences, such that pain can influence smoking and smok-
ing can lead to an exacerbation of painful conditions overtime. In 
describing the effect of pain on smoking (the focus on the current 
study), the reciprocal model posits that some people with pain may 
use smoking as a way to cope with and manage pain.14 Support for 
this pain-smoking link has been found in noncancer populations. 
For example, an experimental study of current smokers found that 
pain applied in a laboratory setting increased smoking urge and 
decreased latency to smoke.15 Additionally, a qualitative study found 
that smokers with chronic, noncancer pain may use smoking as a 
means to cope with their pain.16

Although this research suggests that some smokers may use 
smoking as a means of coping with pain, little is known about how 
pain relates to smoking and quitting among cancer patients with 
painful conditions who are trying to quit. Previous research on pain 
and smoking among cancer patients has found between-person dif-
ferences in pain levels by smoking status (eg, smokers report more 
pain than nonsmokers).8,9 However, these studies cannot address 
the question of whether or not painful events co-vary with smok-
ing among cancer patients with pain who are trying to quit (eg, on 
a day in which an individual has higher pain, he/she smokes more 
cigarettes). In this study, we seek to expand on previous research by 
examining the day-to-day experiences of pain and smoking among 
cancer patients trying to quit. It is important to understand how pain 
may relate to quitting among cancer patients with pain as we seek to 
design more effective, tailored interventions for smoking cessation 
in this population.

This observational study utilizes an electronic daily diary 
approach to examine the association between pain and smoking 
among cancer patients with pain enrolled in a smoking cessation 
treatment program. Daily diary studies have been widely used in the 
measurement of both pain17–19 and smoking20,21 and are demonstrated 
to be a valid method of capturing variation in both constructs.22–24 
The design of this study allowed us to examine between-person asso-
ciations (ie, Do participants who have greater pain smoke more?) 
and within-person associations (ie, Within each individual, is daily 
smoking greater on days when individuals report more pain?). 
We hypothesized that greater daily pain would be associated with 
greater daily smoking (within-person association), controlling for 
baseline pain, nicotine dependence, smoking urge, and demographic 
factors. Secondly, we hypothesized that smokers with higher overall 
pain relative to other smokers would smoke more (between-person 
association), controlling for all model variables. Lastly, as smokers in 
this study were trying to quit, we also examined quit attempts as an 
outcome. We hypothesized that smokers with higher levels of aver-
age pain across the 2-week assessment period will be less likely to 
make a quit attempt, controlling for nicotine dependence, smoking 
urge, and demographic factors.

Method

Participants
Participants included 34 cancer patients who were treatment-seeking 
smokers. Participants were recruited from the Tobacco Treatment 
Program (TTP) at The University of Texas MD Anderson Cancer 
Center during their baseline visit to the TTP. Participants had an 
average age of 52 (SD = 10.3). Fifty-five percent of the participants 
were women. The majority of participants were Caucasian (88%). 
The most common cancer types were breast (38.2%), lung (29.4%), 
and head and neck (32.4%; Table 1). Over half (56%) of the par-
ticipants were undergoing cancer treatment at the time of the study. 
Among those participants receiving cancer treatment during the 
study 2-week assessment period, chemotherapy was the most com-
mon treatment received (36.8%) followed by hormone therapy 
(21.1%), radiation therapy (15.8%), and other therapies, including 
multiple therapies (26.3%).

Eligibility and Recruitment
This article presents the daily diary results from a larger ecological 
momentary assessment study examining immediate precipitants of 
smoking behavior among cancer patients enrolled in cessation treat-
ment, and was supported by an American Cancer Society MRSG-
09-002-01-CPHPS grant. This article presents the daily diary results 
on pain and smoking from the larger study and includes all partici-
pants from the larger study (ie, not a subset of participants). Only 
men and women with a diagnosis of head and neck, breast, or lung 
cancer, who were 18 years or older, current smokers, motivated to 
quit within the next 30  days, fluent in English, and scheduled to 
begin their cancer treatment within the next 30 days were included 
in the study. Individuals were excluded if they regularly used tobacco 
products other than cigarettes or smoking-cessation treatments 
other than those supplied by the TTP, if they experienced no pain, 
if they were pregnant or lactating, or if another household member 
was enrolled in the study. Of the 325 patients initially screened, 66 
patients were found to be ineligible. An additional 142 patients did 
not attend their initial TTP appointment. Of the 117 eligible patients 
who were approached about the study, 77 declined to participate, 
40 were enrolled, and 34 completed the study. Of the 77 partici-
pants who declined to participate, most cited not being interested in 

Table 1. Baseline Characteristics (N = 34)

Baseline characteristics Mean or %

Age 51.94 (SD = 10.30)
Gender (female) 55.9% (n = 19)
Race
  White 88.2% (n = 30)
  Black 8.8% (n = 3)
  Hispanic 2.9% (n = 1)
Cancer site
  Breast 38.2% (n = 13)
  Head and neck 32.4% (n = 11)
  Lung 29.4% (n = 10)
Cancer treatmenta (n = 19)
  Chemotherapy 36.8% (n = 7)
  Hormone therapy 21.1% (n = 4)
  Radiation therapy 15.8% (n = 3)
  Multiple therapies 26.3% (n = 5)

aIndicates those participants who were undergoing active cancer treatment 
during the 2-week study period.
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participating as the primary reason for not enrolling (80.5%), fol-
lowed by conflicts with work or cancer treatment schedule (14.3%). 
Three (3.9%) participants stated that they did not want to use, or 
did not think they would be able to use, the handheld electronic 
device. The six participants who enrolled, but did not complete the 
study failed to return any completed daily diary assessments and 
were not included in the analysis.

Procedures
Prospective participants were approached about the study during 
their first (baseline) visit to the TTP. For patients who expressed 
interest in participating, study personnel provided a detailed descrip-
tion of the study, answered questions, and obtained written informed 
consent. Participants then completed a battery of questionnaires 
including the Center for Epidemiologic Studies Depression Scale 
(CESD) and the MD Anderson Symptom Inventory (MDASI).

During their baseline TTP visit, participants were also given a 
palmtop personal computer (PPC) and trained in its use. The PPC 
uses a user-friendly, pen-based touch-screen system (pens were 
used to mark the appropriate answer on the computer screen). 
Competency in PPC use was assessed by asking participants to 
complete a list of tasks (eg, turning the PPC on and off, using the 
pen-based touch screen system to indicate desire to smoke, using the 
pen-based touch screen system to initiate and complete an assess-
ment). Participants did not need computer skills or typing skills in 
order to use this device. We used 20 HP iPAQ H1945 PPCs that ran 
on Window Mobile 5 operating system and a software program that 
has been developed specifically for ecological momentary assess-
ment. All assessments were date and time stamped for temporal 
analyses.

Participants were instructed to start using the PPC for monitor-
ing on the day following their baseline visit to the TTP. Daily diary 
assessments were completed during participants’ first 2 weeks of 
treatment in the TTP. The TTP is a full-service program that offers 
free smoking-cessation treatment to cancer patients. It is staffed by a 
physician, advanced practice nurses, and doctoral- and master-level 
smoking-cessation counselors. Patients in the TTP receive: (1) coun-
seling that includes cognitive-behavioral strategies such as building 
abstinence skills and motivational interviewing techniques to pro-
mote change and (2) tobacco cessation pharmacological treatment, 
including non-nicotine based medications and nicotine replacement 
therapy. The counseling is delivered either over the phone or in 
clinic, with the first counseling session occurring 1 week following 
the initial baseline evaluation.

Electronic Daily Diary
Participants completed a daily diary assessment 1 hour before their 
bedtime each day during the 2-week assessment period. The PPC 
administered assessments of pain, cigarette smoking, negative affect, 
and smoking urge, following a method of assessment used in other 
electronic daily diary studies.25–28 To assess pain, participants were 
asked to report the intensity of pain they experienced throughout 
the day on a 5-point rating scale, from 1, “No pain,” to 5, “Pain 
as bad as you can imagine.” To assess sad mood, anxious mood, 
and urge, smokers were asked to respond to two items summariz-
ing how much they felt of each throughout the day (“I felt sad,” “I 
felt anxious,” “I have had an urge to smoke”) on a 5-point rating 
scale with the following anchors: “Strongly disagree,” “Disagree,” 
“Neutral,” “Agree,” and “Strongly agree.” Cigarette use was assessed 
as the number of cigarettes smoked per day, using the following 

scale: “0” representing no cigarettes, “1” for one cigarette, “2” for 
two cigarettes, “3” for three cigarettes, “4” for four cigarettes, “5” 
for 5–10 cigarettes, “6” for 11–20 cigarettes, and “7” for more than 
20 cigarettes. Lastly, we assessed daily usage of over-the-counter and 
prescription pain medication by asking participants to indicate how 
many pills of each they took each day (eg, “Overall, how many pre-
scription pills have you taken today?”).

Nondiary Assessments
Participants also completed a battery of questionnaires at the time 
of their baseline visit to the TTP. The battery included several ques-
tionnaires that assessed aspects of mood and symptom-reporting. 
Here, we describe those measures which were examined in the 
present study.

Center for Epidemiologic Studies Depression Scale
The CES-D is a 20-item self-report measure developed to assess 
depressive symptoms in community (nonclinical) populations.29 
Scores range from 0 to 60, with higher scores indicating greater 
depression symptoms. A total score of depressive symptomatology 
is calculated by summing the scores of the 20 items (items 4, 8, 12, 
and 16 are reverse scored), with higher scores representing greater 
depressive symptomatology. The CES-D has been demonstrated to 
be a reliable and valid measure of depressive symptomatology in 
cancer patients, with alpha coefficients > 0.85 and moderate cor-
relations with other measures of distress and symptom reporting in 
cancer patients.30 In a study examining test-retest reliability of the 
CES-D among cancer patients, mean scores were found to be 10.9 
(SD = 8.9) and 12.8 (SD = 10.2) at a 2 ½ week follow-up.

MD Anderson Symptom Inventory
The MDASI is a 19-item questionnaire that assesses the effect and 
severity of pain and other cancer-related symptoms including fatigue, 
nausea, shortness of breath, poor appetite, and disturbed sleep.31 
Symptoms are assessed on a scale from 0 (symptom not present) to 
10 (symptom is as bad as can be imagined). The MDASI is scored by 
computing two subscales. The MDASI Symptom Severity scale, an 
average of the 13 cancer symptom severity items, assesses the sever-
ity of various symptoms related to cancer disease and treatment. The 
MDASI Symptom Interference scale, an average of the six interfer-
ence items, assesses the extent to which cancer symptoms interfere 
with a patient’s day-to-day life (eg, “How much have your symp-
toms interfered with your general activity?”). Higher scores indicate 
greater interference in functioning. Among head and neck cancer 
patients, mean symptom severity and interference scores have been 
found to be 1.72 and 3.59, respectively, for those with less severe 
disease and 1.68 and 4.55, respectively, for those patients with more 
severe disease. The MDASI shows a high level of reliability on both 
subscales (alpha ranges from 0.87 to 0.94) and excellent sensitivity 
in distinguishing cancer patients according to their disease severity 
and treatment status.31

Fagerstrom Test for Nicotine Dependence
The Fagerstrom Test for Nicotine Dependence (FTND) is a 6-item 
questionnaire that measures nicotine dependence by assessing vari-
ous components of smoking behavior such as daily intake, difficulty 
in refraining from smoking, and time to first cigarette of the day.32 
An example of one FTND item is: “How soon after you wake up 
do you smoke your first cigarette?,” rated from 0 (“after 60 min-
utes”) to 3 (“within 5 minutes”). A total FTND score is calculating 
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by averaging the scores on the 6 items, with higher scores on the 
FTND indicating higher nicotine dependence. In some studies, the 
scale has been found to correlate with cotinine level33 and to predict 
the outcome of smoking treatment.34 Average FTND scores among 
smokers seeking cessation help have been reported as 5.63.35

Data Analytic Approach
The data collected in this study have an inherent nested structure. 
There are 14 daily pain and smoking assessments nested within each 
participant, making these data ideally suited to a multilevel modeling 
(MLM) approach. MLM accounts for dependence between observa-
tions resulting from clustering of the data by participant and day of 
observation. Multilevel model analyses were conducted using SAS 
PROC MIXED. All MLM analyses were run with a random inter-
cepts model (which was the best fitting model in each case) using an 
autoregressive order 1 model of the covariance structure.

The data analytic approach used in this article allows us to 
decompose effects within and between-person in our nested data 
structure. Given that a significant parameter estimate for pain would 
not provide us with specific information on the nature of this rela-
tionship (ie, whether it represents between-person effects, within-
person effects, or both), we created level-specific predictors to parse 
apart between- and within-effects. The between-person overall pain 
predictor was calculated by taking the difference between each par-
ticipant’s mean pain score and the mean pain score of all participants 
(participant level predictor). The within-person daily pain predictor 
was calculated by taking the difference between the observed pain 
score at each assessment day and each individual’s mean pain score 
(assessment level predictor). This method of computing group-mean 
centered participant level predictors and person-mean centered 
assessment level predictors is well-documented36,37 and has been used 
in other daily diary studies with similar nested data structures.20

Using a multilevel model, we regressed cigarettes smoked dur-
ing the day on the within-person (assessment level) predictors of 
urge to smoke and daily pain and between-person (participant level) 
predictors of overall pain, age, gender, nicotine dependence (FTND) 
and baseline cancer pain, as assessed on the MDASI (Table 3). The 
multilevel analyses allowed us to examine within-person effects (eg, 
examining associations between daily pain and daily smoking within 
individuals), and between-person effects (eg, examining differences 
in smoking between individuals by overall pain). In addition to the 
multilevel analysis, we used logistic regression to test our second 
hypothesis that smokers with higher pain would be less likely to 
make a quit attempt during the study period, controlling for nicotine 
dependence, demographic factors, and smoking urge. This analysis 
allowed us to examine whether individuals with greater pain would 
have greater difficulty in making a quit attempt. In the logistic 
regression analysis, pain represented each participant’s average pain 
across the 2-week assessment period.

Results

Descriptive Statistics and Data Completion
Mean MDASI Symptom Severity and MDASI Symptom Interference 
scores at baseline were 3.39 (SD = 1.67) and 4.0 (SD = 2.57), respec-
tively (Table 2). Participants reported mean depressive symptomatol-
ogy on the CES-D of 20.12 (SD = 13.12) at the baseline assessment. 
Higher scores on the CES-D at baseline were associated with greater 
cancer symptom reporting on the MDASI Symptom Severity scale 
(r  =  .44, P < .01) and MDASI Symptom Interference (r  =  .52,  

P < .01). Higher average daily diary pain scores (averaged across 
the 2-week assessment period) were associated with higher baseline 
MDASI Symptom Severity scores (r = .36, P = .04) and higher baseline 
MDASI Symptom Interference scores (r = .46, P < .01). Thus, those 
individuals who scored higher on the MDASI Symptom Severity and 
Interference scales tended to have higher average daily diary pain 
ratings during our 2-week assessment period. Of the 213 daily diary 
pain assessments collected over the 2-week assessment period, the 
most frequently endorsed daily pain rating was “Moderate” pain 
(34%; Figure 1). Cigarettes smoked per day ranged from 0 to more 
than 20, with the modal response being 5–10 cigarettes/d.

We analyzed daily reports of pain medication usage by coding 
participants as having used neither prescription nor over-the-counter 
pain medication, only prescription pain medication, only over-the-
counter pain medication, or both types of medication. Participants 
who reported using at least one pill at any point during the 14-day 
assessment period were coded having used that type of medication. 
Five participants (14.7%) reported using neither prescription nor 
over-the counter pain medication at any point during the 14-day 
assessment period. Most participants (n = 14, 41.2%) reported using 
both, whereas 12 participants (35.3%) reported using only prescrip-
tion medication and three (8.8%) reported using only over-the-coun-
ter pain medication during the 14-day assessment period.

Participants completed a range of 1–14 assessments during the 
2-week assessment period. The mean number of assessments com-
pleted per participant was 6.2 (SD = 3.7). A total of 286 daily diary 
assessments were collected over the 2-week assessment period from 
the 34 participants. The majority of the assessments (208, or 73%) 

Table 2. Mean and Standard Deviation Values for Baseline 
Assessments

Range Mean Standard deviation

CESD total score 0–51 20.12 13.12
FTND total 0–10 4.18 2.42
MDASI symptom 

severity subscale
0.62–6.69 3.39 1.67

MDASI symptom 
interference subscale

0–9 4 2.57

CESD  =  Center for Epidemiologic Studies Depression Scale; 
FTND = Fagerstrom Test for Nicotine Dependence; MDASI = MD Anderson 
Symptom Inventory.

Table 3. Results of Multilevel Model Examining Predictors of 
Smoking Throughout 2-Week Assessment Period

Variable Estimate SE P

Assessment level pain  
(within-person association)

0.52 0.18 <.01**

Participant level pain  
(between-person association)

0.70 0.40 .09

Gender (female is reference group) −0.75 0.54 .18
Age −0.02 0.03 .39
Smoking urge 0.49 0.17 <.01**
Baseline pain 0.01 0.14 .93
FTND (baseline) 0.20 0.12 .09

FTND = Fagerstrom Test for Nicotine Dependence; SE = standard error.
*Significance at the P < .05 level.
**Significance at the P < .01 level.
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had complete data for all daily diary items. The remaining assessments 
included partially completed assessments (6, or 2%) and assessments 
for which participants accessed the PPC, but failed to complete any 
items (72, or 25%). Of the six “partially completed” assessments, 
one assessment was missing all primary study variables but one and 
was not included in the analysis. The remaining five assessments had 
complete data on the primary study variables of daily cigarettes, 
pain, urge, and sad mood. These five assessments were flagged as 
“incomplete” by the electronic handheld device because they were 
missing a few items from other variables assessed in the larger study, 
but not in the present study. These five assessments were retained, 
resulting in a total of 213 assessments (representing 45% comple-
tion). The total number of daily diary assessments completed by each 
participant was not related to baseline MDASI Symptom Severity 
(r = .04, P = .98), baseline MDASI Symptom Interference (r = .08, 
P =  .67), or baseline Center for Epidemiologic Studies Depression 
Scale scores (r = −.03, P = .99).

Treatment Information
All participants in this observational study received pharmacologi-
cal medication and counseling for smoking cessation through the 
TTP during the 2-week study period. Thirty-two of the 34 (94%) 
participants in this study completed the counseling session at the 
week 1 follow-up, with 21 participants (66%) completing by phone 
and 11 participants (34%) completing the session in the TTP clinic. 
Two participants missed their appointment for the week 1 follow-up 
counseling session. Participants also received pharmacological medi-
cation as part of their regular TTP treatment, with 19 participants 
receiving varenicline (55.9%), nine using nicotine replacement ther-
apy (26.5%), five receiving bupropion (14.7%), and one participant 
using two medications (2.9%).

Linear Mixed Model Results
Linear mixed modeling was used to examine the associations of 
smoking with pain and other model variables. We first ran four sepa-
rate multilevel models, each including only one predictor, in order to 
examine how daily smoking related to model variables univariately. 
The models reported here include only one predictor and allow us 
to examine how each primary study variable relates univariately to 
daily smoking. In examining within-person associations between 
pain and smoking using MLM, daily pain was found to be posi-
tively associated with daily smoking (β = 0.54, P < .01). Examining 
between-person associations in pain and smoking using MLM, 
between-person overall pain was found to be positively associated 

with daily smoking (β = 0.82, P < .03). Daily urge (β = 0.60, P < 
.01) was related to greater daily smoking but neither daily sad mood 
(β = 0.15, P = .36) nor daily anxiety (β = 0.14, P = .37) were found 
to be significantly associated with daily smoking. Because sad mood 
and anxiety were not found to relate to daily smoking, we did not 
include these variables in the full MLM.

Secondly, a full multilevel model was run to examine the associa-
tion between pain and smoking, controlling for baseline pain, nico-
tine dependence, smoking urge, age, and sex. In the full MLM model, 
within-person daily pain (β = 0.52, P < .01) and daily smoking urge 
(β = 0.49, P <.01) were found to be associated with number of ciga-
rettes smoked during the day. Between-person overall pain (β = 0.70, 
P = .09) was not related to number of cigarette smoked during the day.

Quit Attempt Results
Lastly, we examined the relationship between pain and quit attempts. 
An average pain score was computed for each participant that rep-
resented the average of the participant’s daily pain ratings across the 
2-week assessment period. A quit attempt was defined as a day on 
which participants reported smoking no cigarettes. Of the 213 daily 
diary smoking assessments, 14% (or 30 assessments) represented 
quit attempts. Given the low number of quit attempts across all 
assessments, participants who had a quit attempt at any point during 
the 2-week assessment period were coded as “1” and those with no 
quit attempts during the 2-week period were coded as “0.” A logistic 
regression model was run using the binary “quit attempt” variable as 
the outcome and average pain intensity as the predictor; the model 
controlld for nicotine dependence, smoking urge, daily diary com-
pletion, gender, and age. Average pain across the 2-week assessment 
period significantly predicted quit attempts over the 2-week period 
(odds ratio [OR] = 0.19, P < .01), indicating that for every one unit 
increase in average pain experienced during the 2-week assessment 
period, the odds of experiencing at least one quit attempt during 
the study period were reduced by more than half. Additionally, men 
were less likely to make a quit attempt than women (OR = 0.12, P 
< .01), and participants who reported greater smoking urge across 
the 2-week assessment period were less likely to make a quit attempt 
(OR = 0.53, P < .02).

Discussion

This study examined how pain related to smoking and quit attempts 
among cancer patients with pain who were trying to quit. Results 
demonstrated that cancer patients who reported greater average 
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Figure 1. Frequency of daily diary pain intensity scores over 2-week assessment period (N = 213). 
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pain during the first 2 weeks of smoking cessation treatment were 
less likely to make a quit attempt during the study period. Moreover, 
we found a within-person pain-smoking association, such that daily 
pain ratings were positively associated with daily cigarettes smoked 
within individuals, controlling for baseline cancer pain and other 
model variables. On days that participants had higher pain, they 
smoked more cigarettes than on days when they had lower pain.

Previous research that has observed greater prevalence of painful 
conditions among smokers, compared with nonsmokers, has been 
unable to capture this naturalistic, day-to-day variation in pain and 
smoking.8,9 This study expanded on past findings by demonstrating 
that daily painful events are accompanied by greater daily smoking 
among cancer patients trying to quit. The significant within-person 
pain-smoking effect (and null between-person effect) found in this 
study suggests that variation in pain rating at the individual level 
may be more important in explaining daily smoking than overall 
pain levels among cancer patients trying to quit.

These findings have important clinical implications. The results 
of this study suggest that interventions to help cancer patients who 
smoke to better manage pain, especially on days when pain intensity 
is highest, may be an important addition to smoking cessation treat-
ment in this population. Many psychological and pharmacological 
interventions have been found to be effective for cancer pain man-
agement,38–40 yet to our knowledge, no research has examined the 
effectiveness of smoking cessation treatment for cancer patients with 
pain which integrates aspects of pain management, highlighting an 
important area for future research. Cancer patients who smoke and 
have pain represent a group of patients with high symptom burden, 
and one that may benefit from more comprehensive care.

This study has some limitations. First, the completion rate was 
45% for daily diary assessments. Completion rates for daily diary 
studies have been found to vary widely across different participant 
populations and different daily diary methodologies.23,41 Although a 
completion rate of 45% appears low at first glance, this is in line with 
other completion rates we have observed in studies that used daily 
diary measurement among cancer patients at MD Anderson.42 Given 
that we do not have daily diary assessment for each day for all par-
ticipants, it is possible that the assessments collected do not represent 
the full experience of pain and smoking during our 2-week assess-
ment period (eg, perhaps participants were more likely to complete 
diary assessments during times of high, or low, pain). Secondly, our 
sample was small and the participation rate in this study was fairly 
low. Most patients who declined to participate cited lack of interest 
or time constraints as the primary reasons for declining. Given the 
time commitment involved for this study (2 weeks of daily assess-
ments) it is understandable that cancer patients with pain and symp-
tom burden may not have had interest in participating. Thus, caution 
should be used in interpreting these findings, as results may not be 
generalizable to all cancer patients with pain who are trying to quit.

As an additional limitation, the observational design of the study 
did not allow for examination of causal pathways or mechanisms 
in the pain-smoking relation, as study variables were assessed at the 
same time on each day. Previous research suggests that the pain-smok-
ing relationship may be characterized by bidirectional influences.14 
Specifically, pain may motivate smoking and smoking may lead to the 
onset or exacerbation of painful conditions overtime. Thus, it is dif-
ficult to ascertain from the current design whether the observed effects 
represent the influence of pain on smoking, or of smoking on pain.

A closer examination of the reciprocal model proposed by Ditre 
et  al.14 can help to shed some light on the observed findings. The 

effect of smoking on pain is largely characterized as an effect that 
develops over time with chronic exposure to tobacco smoking.43,44 
Conversely, the influence of pain on smoking can manifest as a more 
immediate effort to cope with spikes in pain level and thus, would 
likely be reflected in day-to-day fluctuations in pain intensity and 
cigarette smoking. We argue that the observed within-person asso-
ciations in the current study between pain and smoking, controlling 
for baseline pain and symptoms, likely reflect patient efforts to cope 
with pain on days when pain is higher. Certainly more research is 
needed on smoking among cancer patients with painful conditions 
in order to better understand the causal pathways which underlie 
this relation.

Future research may expand on the findings of the present 
study by examining how smokers with painful conditions respond 
to spikes in pain using real-time assessment. Real-time assessment 
which captures moment to moment variation in constructs can help 
us to tease apart the temporal effects of pain and smoking. Future 
research may also examine the effectiveness of integrating pain man-
agement interventions with smoking cessation treatment for patients 
with pain. For some patients with pain, interventions which help to 
increase the patient’s self-efficacy for coping with pain,45 in addition 
to standard smoking cessation treatment, may help to improve cessa-
tion outcomes. Currently, pain is not routinely addressed in coordi-
nation with tobacco cessation treatment. These findings suggest that 
pain may be an overlooked, but important, symptom in tobacco ces-
sation treatment, particularly in cancer settings where pain is a com-
mon complaint. Continued research on pain and smoking has the 
potential to yield important information for better tailoring smoking 
cessation treatment for smokers with pain.
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