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Abstract
Although many cancer patients who have pain are smokers, the extent of their symptom burden
and risk for opioid misuse are not well understood. In this study we analyzed records of patients
being treated for cancer pain, 94 of whom were smokers and 392 of whom were non-smokers, to
determine smoking status group differences. Smokers had significantly higher pain intensity,
fatigue, depression, and anxiety than non-smokers (Independent samples t-tests P <0.002).
Smokers were at higher risk for opioid misuse based on the short form of the Screener and Opioid
Assessment for Patients with Pain (SOAPP). Specifically, smokers endorsed more frequent
problems with mood swings, taking medications other than how they are prescribed, history of
illegal drug use and history of legal problems (Chi-square tests P ≤0.002). Changes in pain and
opioid use were examined in a subset of patients (146 non-smokers and 46 smokers) who were
receiving opioid therapy on at least two of the three data time points (consult, follow-up 1 month
after consult, follow-up 6-9 months after consult). Results based on multilevel linear modeling
showed that over a period of approximately 6 months, smokers continued to report significantly
higher pain than non-smokers. Both smokers and non-smokers reported a significant decline in
pain across the six-month period; the rate of decline did not differ across smokers and non-
smokers. No significant difference over time was found in opioid use between smokers and non-
smokers. These findings will guide subsequent studies and inform clinical practice, particularly
the relevancy of smoking cessation.
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Introduction
The prevalence of pain among patients receiving active cancer treatment is 24-60% 40.
Among patients with advanced cancer, 58-69% report moderate to very severe pain (1).
Despite challenging side effects and risk of misuse, opioid therapy remains a principal
treatment for cancer pain 33. Previous studies suggest smokers experience more pain and
other negative symptoms than non-smokers and are at greater risk for opioid
misuse 11,13, 15, 17, 21, 25, 27, 29, 32, 43, 44.

Smoking is a risk factor for 18 different cancers 2, 24. Approximately 90% of all lung cancer
cases are attributable to cigarette smoking 23. Compared to never-smokers, cigarette
smokers have a 10-fold increase in risk for head and neck cancer 10, 38. It is estimated that
between one half and three quarters of all cancer patients are current smokers at the time
their cancer is diagnosed 2, 24 . Despite the importance of smoking cessation, as many as half
of these patients continued to smoke during and after their cancer treatment 10, 20, 23. For
those who continue to smoke despite a cancer diagnosis, there may be impaired wound
healing, reduced treatment efficacy, increased risk of postoperative complications, increased
risk for developing another primary cancer and decreased chance of
survival 4, 5, 12, 26, 31, 27, 39.

Although many symptoms that typically burden patients with cancer have not been
investigated by smoking status, persistent smoking is known to exacerbate dyspnea and
fatigue 15. Smokers with a diagnosis of lung cancer report higher pain levels than those who
have never smoked and those who have stopped smoking 11. Among those with different
cancer diagnoses, current smokers reported higher pain levels and higher need for opioids
than non-smokers, with no differences found across subgroups of former smokers and those
who never smoked 15. In a study of patients who were newly diagnosed with head and neck
cancer, current smokers reported higher pain and pain-related interference than did former
smokers and those who never smoked 29.

Among smokers who do not have cancer, preliminary data suggest a relation between
recurrent pain and tobacco use. Smoking has been associated with the development and
aggravation of low back pain and musculoskeletal pain 1, 18, 19, 34, 42. Smokers who
experience situational or recurrent pain report greater motivation to smoke and increase
cigarette consumption 13, 17, 21, 25. A recent article identified altered processing of pain,
interaction with opioids, psychosocial factors, and depression as some potential mechanisms
relating chronic pain and smoking 36. Another study found that baseline depression and
clinical pain were greater among current smokers compared to former and never smokers.
When multivariate analyses were performed, pain severity was associated with greater
depression but not smoking; however, smoking was associated with greater opioid use,
independent of depression 22.

Differences in opioid use by smoking status have been reported in patients without cancer.
Specifically, smokers who do not have cancer report more frequent requirement for
postoperative opioids 36. An increased likelihood of high-dose opioid use has been reported
among patients with chronic non-cancer pain who smoke 32. Findings of an inverse relation
between serum levels of some oral opioids (viz., propoxyphene, hydrocodone with
acetaminophen) with serum nicotine levels have led some researchers to conclude that
cigarette smoking decreases opioid efficacy 43, 36. A possible explanation for smokers’ need
for increased opioids is that opioid analgesic efficacy may be reduced because the stimulant
actions of nicotine counter the analgesic properties of opioids 43, 36 . Another explanation is
that the polycyclic aromatic hydrocarbons (PAHs) in tobacco smoke induce drug
metabolizing enzymes, thus decreasing the analgesic effect of opioids and requiring a higher
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effective dose 27, 22. Experimental studies in mice demonstrate that nicotine pretreatment
induces cross-tolerance to morphine requiring higher opioid doses to achieve the same
antinocioceptive effect as can be achieved in non-tolerant animals 43.

Our primary aim was to investigate the extent to which pain intensity and a broad array of
other symptoms differ across smokers and non-smokers with cancer. A secondary aim was
to investigate the extent of differences in risk factors for opioid misuse across smoking
status. Another secondary aim was to investigate pain and opioid use patterns over time and
across smoking status. These areas of research have not been adequately addressed among
cancer patients. Collectively, the clinical, epidemiological, and experimental studies
discussed led to our expectation of higher pain ratings and other symptom burden among
patients who smoke and have cancer-related pain versus those who do not smoke. Because
smoking has been implicated as a potentially relevant risk factor for opioid misuse among
patients with chronic non-cancer pain 30, we expected this relation among patients with
cancer. We also expected smokers would continue to have higher pain and opioid use over
time.

Methods
Sample

This is a retrospective study on data that were obtained from the records of 522 consecutive
new patients seen at the Pain Management Center of The University of Texas MD Anderson
Cancer Center from 01/01/09 to 06/30/09. The study was approved by the IRB. Being a new
patient at the pain center from the stated time period was the inclusion criterion. Exclusion
criteria were not providing smoking status (28 patients), being under the age of 21 or not
providing age (6 patients), and not providing smoking status or age (2 patients). The
resulting sample included 94 current smokers and 392 non-smokers (former smokers and
never smokers were not studied separately as significant differences among them had not
been found in prior studies). Demographic and clinical data are in Table 1.

To study changes in pain and opioid use over time, a subset of patients (146 non-smokers
and 46 smokers) from the study sample was selected. Inclusion criteria for this subset were
having opioid and pain data for at least 2 of 3 time points. The 3 time points were initial
consult at the pain center, 1st follow-up occurring (2-6 weeks after consult, and long-term
follow-up occurring within 6-9 months after first consult. A footnote describing the subset
of patients appears in Table 4. Opioid use was calculated in morphine equivalency daily
dose (MEDD; See Appendix 1 for Conversion Formula) milligrams based on the sum of
long- and short-acting opioids used per day.

Measures
As part of the pain center standard assessment, all patients complete a rating of their usual
pain in the past week from the Brief Pain Inventory (BPI) 9. A symptom assessment
inventory based on a modified version of the Edmonton Symptom Assessment Scale
(ESAS) 6, 8 was used to capture ratings of fatigue, shortness of breath, poor appetite,
depression, anxiety, drowsiness, difficulty thinking clearly and insomnia in the past week.
Both the BPI and the ESAS use an 11-point rating scale where 0 = none and 10 = worst
imaginable.

Item-level responses from the 5-item Short Form Version.1 of the Screener and Opioid
Assessment for Patients with Pain (SOAPP-SF) were used as indictors of opioid misuse
risk 7. Item-level data were used instead of the total score because there was low internal
consistency among the items (Coefficient alpha = .51). The SOAPP-SF response scale
ranges from 0 = Never to 4 = Very Often. After analyzing stem and leaf plots of the item-
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level data, we collapsed the response scale to be 0 = Never, 1 and 2 = Infrequently, and 3
and 4 = Often. We investigated response differences on the SOAPP items probing mood
swings, misuse of medication, use of illegal drugs, and lifetime legal problems across
smokers and non-smokers. The remaining SOAPP-SF item (the second item on the scale)
assesses frequency of smoking within an hour after awakening. Response pattern on this
SOAPP-SF item was investigated only for current smokers.

At the time of the initial pain center consult, opioid use was assessed by a clinic nurse who
had a face to face meeting with the patient and asked about the amount of average daily
opioids medication used in the past week. At subsequent time points, opioid use was based
on the amount prescribed by the pain center physician. Current smoking status was obtained
from consult notes that were also made by a pain center nurse at the time of the patient's
consult appointment at the pain center.

Analyses of Data
SAS was used for all analyses of data. We used independent samples t-tests to make
comparisons between smokers and non-smokers on continuous variables that included age,
usual pain and other symptom ratings at the time of the initial consult. Chi-square tests were
used to make statistical comparisons between smokers and non-smokers on categorical
variables that included gender, employment status, cancer diagnosis, and individual SOAPP-
SF indicators of opioid misuse risk.

To investigate differences in smoking status on pain and opioid use over time and in relation
to depression and anxiety, we examined usual pain rating and patients’ opioid use across
three clinic visits at the pain center. The repeated measures design of these examinations
produced responses that were nested within participants that could be characterized by the
two-level structure of a multilevel model. Multilevel linear modeling (MLM; 40) was used
to estimate the effects of smoking status and visits on pain and opioid use. Specifically, we
constructed two separate MLMs, the first one regressing pain on smoking status and visits
and the second one regressing opioid use on smoking status and visits. Analyses of an
intercept-only model (i.e., a model with no predictors) found that an unstructured covariance
structure provided the best fit with the correlation structure in the data set. A standard
approach to model building was followed and predictors were initially entered as fixed-
effect predictors. To assess whether the slopes characterizing the relationship between visit
and the outcome variables (e.g., pain or opioid use) varied among participants, we added the
random slope coefficients for visits to the model. We used a log-likelihood ratio test to
evaluate whether adding a random slope coefficient significantly improved the goodness-of-
fit of a model over one without its inclusion.

Results
Table 1 outlines the patient characteristics of this sample at the time of the initial consult to
the pain center by smoking status. On average, smokers were significantly younger than
non-smokers. A significant difference was also found for employment status across smoking
status. A higher percentage of the smokers were disabled, whereas a higher percentage of
the non-smokers were retired. The difference in overall distribution of cancer diagnoses
across smoking status was assessed and found not to be statistically significant. Although
some specific cancer diagnoses appear to be notably different (e.g., more smokers had head
and neck cancers than non-smokers), these were not compared individually.

Table 2 shows that smokers reported significantly higher pain, fatigue, poor appetite,
depression, anxiety, and insomnia than non-smokers. Although the differences in shortness
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of breath and drowsiness were not statistically significant, smokers reported slightly higher
symptom ratings of problems with these symptoms than non-smokers.

Table 3 presents data on opioid misuse risk indicators by smoking status. Chi-square tests
show significant differences between smokers and non-smokers on response patterns of
occurrence of mood swings, taking medication other than the way it was prescribed, history
of illegal drug use, and history of legal problems or arrest. Visual inspection of response
patterns shows a higher percentage of non-smokers than smokers reported never having
mood swings (27.9% of non-smokers versus 18.1% of smokers) whereas a higher
percentage of smokers versus non-smokers endorsed having mood swings often (26.6% of
smokers versus 12.5% of non-smokers). On the item pertaining to illegal drug use in the past
5 years, non-smokers reported endorsed “never” more than smokers (96.2% of non-smokers
versus 80.8% of smokers), whereas smokers reported more “infrequent” use than non-
smokers (13.8% of smokers versus 2.6% of non-smokers) and more “often” use than non-
smokers (5.3% of smokers versus 1.3% of non-smokers). A similar response pattern on the
item pertaining to legal problems or arrest was found. Specifically, non-smokers more than
smokers reported “never” (91.6% of non-smokers versus 67% of smokers), whereas smokers
reported more “infrequent” legal problems than non-smokers (25.5% of smokers versus
8.2% of non-smokers) and more “often” problems than non-smokers (3.2% of smokers
versus 0.3% of non-smokers). We examined smokers’ responses on Item 2 of the SOAPP.
This item probes frequency of smoking a cigarette within an hour after awakening. Findings
are that 28% percent of the smokers endorsed “never,” 21% endorsed “infrequently,” and
51% endorsed “often.”

We constructed MLMs to examine the effects of smoking and visits on pain on the subset of
patients who were on opioid therapy for at least two of the data collection time points. We
found that a model with random slope effects for visits did not improve the model's fit over
a model in which visits were treated as fixed effects. Using the latter model, we found a
significant main effect for smoking status, F (1,190) =5.46,p<.05 and a significant main
effect for visits F (1,263)=71.63,p<.0001 . No significant interaction effect between
smoking status and visits was found. The results indicated that across the three clinic visits,
smokers reported significant higher level of usual pain than non-smokers. Furthermore, both
smokers and non-smokers reported a decline in usual pain across the three clinic visits. The
analysis was repeated with age, gender, baseline level of depression, and baseline level of
anxiety added as covariates, but the results were unaffected when controlling for these
factors. These findings were consistent with an analysis performed using all available data to
ensure that the missing data would not bias results and alter our conclusions. These results
are also presented in Table 4.

Table 4 also shows the results examining the effects of smoking status and visits on opioid
use. Using the best-fitting model that included visits as random effects, we did not find
significant main effects for either smoking status or visits, nor did we find a significant
interaction effect between smoking status and visits. That is, smokers and non-smokers alike
used similar amounts of opioids across the three clinic visits. Although the results showed a
trend towards higher opioid use across visits for the subset sample, the increase was not
statistically significant. The analysis was repeated with age, gender, baseline level of
depression, and baseline level of anxiety added as covariates, but the results were unaffected
when controlling for these factors.

Discussion
The primary aim of the current study was to investigate differences in symptom burden
across smoking status among patients with cancer pain across smoking status. As
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hypothesized, smokers reported significantly more pain and other symptom burden than
non-smokers. A secondary aim was to investigate opioid misuse risk across smoking status.
As expected, smokers were at greater risk. Finally, on a subsample of patients on opioid
therapy for at least two points of time, we sought to investigate changes in pain and opioid
use patterns across smokers and non-smokers. As expected, pain continued to be higher
among smokers. Although we had expected opioid use over time to be higher among
smokers too, we found that smoking status was not related to opioid use.

These important findings expand understanding of smoking and cancer pain. Unlike
previous studies 11, 15, ours included patients with differing cancer diagnoses and a broader
range of symptom profiles than found in the literature11, 15. Our study also provided a fuller
investigation of indictors of opioid misuse risk across smoking status. To our knowledge,
pain and opioid use trajectories across smoking status have not been investigated previously.

The finding of smokers having more pain than non-smokers is consistent with previous
studies among cancer patients 11, 15. Due to the cross-sectional nature of these findings, we
are unable to discern whether smoking may have increased pain or been motivated by the
pain experience itself. Empirical support exists for both directions. Specifically, although
true causal effects have not been established, research suggests that smoking may serve as a
marker and/or risk factor for the incidence and severity of non-cancer chronic pain 13. For
example, it has been suggested that tobacco smoke may increase pain by reducing blood and
oxygen flow to peripheral tissues, or via direct influence on the neurological processing of
sensory information. Another explanation offered is that avoidance and relief of pain may be
a potent reinforcer in the maintenance of tobacco dependence 14. Further, the efficacy of
pain medications may be affected by the potential interactions between selected pain
medications and smoking 43, 36. In support of this interpretation, experimentally manipulated
pain has been found to increase smoking urge and decrease latency to smoke 13. Moreover,
interventions which reduce expectancies about the analgesic effects of smoking have been
found to decrease urge and increase latency to smoke among smokers who undergo a cold
pressor pain task 16.

The full spectrum and intensity of symptom burden that we found among smokers and non-
smokers was not previously described in the cancer pain 11, 15 and non-cancer pain 36, 22

literature. Our findings show a profile of higher levels of physical symptoms (pain, fatigue,
poor appetite, and insomnia) and psychological symptoms (depression and anxiety) among
smokers than non-smokers. Our sample had higher ratings on fatigue as than on other
symptoms. Shortness of breath, drowsiness, and difficulty thinking were not distinguishing
symptoms across smokers and non-smokers. In particular, shortness of breath and difficulty
thinking were not rated as highly problematic.

Opioid therapy is one of the most useful options for helping cancer patients manage their
pain. Common challenges with opioid therapy include misuse potential as well as other side
effects such as constipation, drowsiness, and difficulty thinking. Hence, we felt it was
important to study potential differences in opioid misuse risk indicators across smoking
status. Although the majority of smokers and non-smokers report never having mood
swings, taking medication other than the way it was prescribed, having a history of illegal
drug use, and having a history of legal problems or arrest, there were some notable smoking-
status group response differences on each SOAPP-SF item. Smokers were more likely than
non-smokers to report have problems on each SOAPP-SF item. Also of interest is that over
half of all smokers indicated that they often smoke their first cigarette within an hour after
awakening, which suggests that many patients who smoke exhibited a higher level of
nicotine dependence.
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Changes in pain and opioid use were examined using a subset of patients who were
receiving opioid therapy on at least two of the three data time points (consult, 1st follow-up
after consult which for the majority of patients was approximately 1 month after consult,
long term follow-up within 6-9 months after first consult). Extending previous findings that
looked at pain at a single time point, the current study showed that, over a period of
approximately six months, smokers continued to report significantly higher level of pain
than non-smokers. Furthermore, both smokers and non-smokers reported a significant
decline in pain across the six-month period; the rate of decline did not differ across smokers
and non-smokers. In contrast to the higher use of opioids among smokers that has been
reported among cancer patients 1 and non-cancer patients 22, we did not find a significant
difference in opioid use between smokers and non-smokers. Our data show that both groups
received similar amount of opioid therapy from their physicians. Only at the long-term
follow-up time point, did smokers receive more opioid therapy. However, because our focus
was change in opioid use over time and also because this difference was based on a small
sample of smokers, we chose not to test this difference for statistical significance. For
smokers and non-smokers alike, an overall decline in reported pain was associated with a
trend, albeit non-significant, of an increase in the amount of opioid therapy received.

The unique characteristics of our sample must be taken into account when interpreting the
findings from this study. The smoker and non-smoker groups were not selected to be
uniform across demographic and cancer diagnosis. Given that the sample was one of
convenience, some differences by smoking status were expected. In our sample, on average,
smokers were 4 years younger than non-smokers and there were some employment status
differences and cancer diagnoses differences across groups as well. Although cancer
diagnosis overall was not significantly different across smokers and non-smokers, in some
specific diagnoses such as head and neck cancers we noted a higher prevalence of current
smoking. These demographic and clinical differences may be interrelated with the variables
of major interest in this study. In another example, diagnosis of cancer at a younger age and
having strain from being disabled could adversely affect symptom burden and risk for opioid
misuse, as well as being associated with higher smoking prevalence.

Other characteristic unique to the patients seen at our pain center must be taken into
consideration. When new patients are referred to our center, the majority of them are already
on opioid therapy as prescribed by their oncologist. Although our patients are at various
stages of the disease process, the majority have advanced cancer and associated symptom
burden. Most have dealt with pain before a referral is made to the pain center. An added
stressor for some of our patients is that they may have relocated temporarily from various
parts of the United States and beyond for their cancer care.

In addition to the unique characteristics of our sample, a limitation of this study is that non-
smokers included both those who had never smoked and those who had quit. Many relations
between pain and smoking are thought to be a function of smoking duration. There may be
important benefits to quitting smoking that could only be captured by examining differences
between current, former, and never smokers. Another limitation is that many participants did
not have complete data at follow-up points. Therefore, the MLM analyses where based on a
subset of participants.

With these considerations and limitation in mind, the results of this study provide support
for the link between pain and smoking and suggest that among cancer patients, smokers
report greater physical and psychological symptom burden. Recommendations based on
these finding are for a comprehensive symptom assessment and treatment of pain and other
symptoms. We also underscore the importance of smoking status in treatment planning.
Smoking history, status, and level of nicotine dependence should be included in clinical and
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research databases to enable further analyses of these topics and related questions. Future
and larger studies should consider separating out never smokers and those who have quit.
Although the causal direction between smoking and pain is unclear, a clinical interview
which included assessment of smoking triggers and motivation and pain coping would help
to inform treatment. For example, if expectation of analgesic benefit appeared to be an
important smoking motivator, challenging these expectations and increasing coping self-
efficacy would be reasonable treatment goals 16, 35. If future studies confirm that smoking is
associated with depression symptoms, treatment of depression would be appropriate 3. Thus,
matching treatment to the individual, with a careful consideration of smoking motivation
and coping, should improve pain control and smoking cessation outcomes in cancer settings.
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Appendix
Appendix 1

MEDD Conversion Formula

Opioid with route and dose Conversion factor MEDD (mg)

Morphine p.o. 1 mg 1 1

Hydromorphone p.o. 1 mg 5 5

Oxycodone p.o. 1 mg 1.5 1.5

Methadone p.o. 1 mg 6 6

Methadone i.v. 1 mg 10 10

Fentanyl transdermal 1 μg/h 2 2

Tramadol 0.2 0.2

Hydrocodone 0.5 0.5

Meperidine 0.1 0.1

References
1. Albano SA, Santana-Sahagun E, Weisman MH. Cigarette smoking and rheumatoid arthritis. Sem

Arthritis Rheumatism. 2001; 31:146–59.

2. American Cancer Society. Cancer Facts and Figures 2009. American Cancer Society; Atlanta (GA):
2009.

3. Baker TB, Brandon TH, Chassin L. Motivational influences on cigarette smoking. Annual Review
of Psychology. 2004; 55:463–49.

4. Barrera R, Shi W, Amar D, Thaler HT, Gabovich N, Bains MS, White DA. Smoking and timing of
cessation: impact on pulmonary complications after thoracotomy. Chest. 2005; 127:1977–1983.
[PubMed: 15947310]

5. Browman GP, Wong G, Hodson I, Sathya J, Russell R, McAlpine L, Skingley P, Levine MN.
Influence of cigarette smoking on the efficacy of radiation therapy in head and neck cancer. N Engl
J Med. 1993; 328:159–63. [PubMed: 8417381]

6. Bruera, E.; Macdonald, S. Audit methods: The Edmonton Symptom Assessment System.. In:
Higginson, I., editor. Clinical audit in palliative care. Radcliffe Medical Press; Oxford: 1993. p.
61-77.

7. Butler SF, Budman SH, Fernandez K, Jamison RN. Validation of a screener and opioid assessment
measure for patients with chronic pain. Pain. 2004; 112:65–75. [PubMed: 15494186]

Novy et al. Page 8

J Pain. Author manuscript; available in PMC 2014 March 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Chang VT, Hwang SS, Feuerman M. Validation of the Edmonton Symptom Assessment Scale.
Cancer. 2000; 88:2, 164–71. [PubMed: 10618599]

9. Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med
Singapore. Mar; 1994 23(2):129–138. [PubMed: 8080219]

10. Cox LS, Africano NL, Tercyak KP, Taylor KL. Nicotine dependence treatment for patients with
cancer. Cancer. 2003; 98:632–644. [PubMed: 12879483]

11. Daniel M, Keefe FJ, Lyna P, Peterson D, Garst J, Kelley M, Bepler G, Bastian LA. Persistent
smoking after a diagnosis of lung cancer is associated with higher reported pain levels. J Pain.
2009; 10(3):323–328. [PubMed: 19254679]

12. Dasgupta P, Rizwani W, Pillai S, Kinkade R, Kovacs M, Rastogi S, Banerjee S, Carless M, Kim E,
Coppola D. Nicotine induces cell proliferation, invasion and epithelial-mesenchymal transition in
a variety of human cancer cell lines. Intl J Can. 2009; 124:36–45.

13. Ditre JW, Brandon TH. Pain as a motivator of smoking: effects of pain induction on smoking and
urge behavior. J Abn Psychol. 2008; 117:467–72.

14. Ditre JW, Brandon TH, Zale EL, Meagher MM. Pain, nicotine, and smoking: Research findings
and mechanistic considerations. Psych Bulletin. 2011; 137:1065–1093.

15. Ditre JW, Gonzalez BD, Simmons VN, Faul LA, Brandon TH, Jacobsen PB. Associations between
pain and current smoking status among cancer patients. Pain. 2011; 152:60–65. [PubMed:
21168758]

16. Ditre JW, Heckman BW, Butts EA, Brandon TH. Effects of expectancies and coping on pain-
induced motivation to smoke. J Abnormal Psychology. 2010; 119:524–33.

17. Ekholm O, Gronbaek M, Peuckmann V, Sjogren P. Alcohol and smoking behavior in chronic pain
patients: the role of opioids. Euro J of Pain. 2009; 13:606–612.

18. Eriksen WB, Brage S, Bruusgaard D. Does smoking aggravate musculoskeletal pain? Scand J
Rheumatol. 1997; 26:49–54. [PubMed: 9057802]

19. Goldberg MS, Scott SC, Mayo NE. A review of the association between cigarette smoking and the
development of nonspecific back pain and related outcomes. Spine. 2000; 25:995–1014. [PubMed:
10767814]

20. Gritz, ER.; Lam, CY.; Vidrine, DJ.; Fingeret, MC. Cancer prevention: Tobacco Dependence and
its Treatment.. In: DeVita, V.; Lawrence, T.; Rosenberg, S., editors. Cancer: Principles and
Practice of Oncology. 2, Part 3. 9th edition.. Lippincott Williams & Wilkins; Philadelphia, PA:
2011. p. 529-542.Chapter 51

21. Hahn EJ, Rayens MK, Kirsh KL, Passik SD. Brief report: pain and readiness to quit smoking
cigarettes. Nicotine Tobacco Res. 1999; 1:S143–7.

22. Hooten WM, Shi Y, Gazelka HM, Warner DO. The effects of depression and smoking on pain
severity and opioid use in patients with chronic pain. Pain. 2011; 152:223–229. [PubMed:
21126821]

23. IARC. Tobacco smoke and involuntary smoking (IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans Rep. No. 83). World Health Organization; Lyon France: 2002.

24. International Agency for Research on Cancer Working Group on the Evaluation on Carcinogenic
Risks to Humans. Tobacco smoke and involuntary smoking. Vol. 83. IARC; Lyon (France): 2004.

25. Jamison RN, Stetson BA, Parris WCV. The relationship between cigarette smoking and chronic
low back pain. Addict Behav. 1991; 16:103–10. [PubMed: 1829566]

26. Kawahara M, Ushijima S, Kamimori T, Kodama N, Ogawara M, Matsui K, Masuda N, Takada M,
Sobue T, Furuse K. Second primary tumors in more than 2-year disease-free survivors of small-
cell lung cancer in Japan: the role of smoking cessation. Br J Cancer. 1998; 78:409–12. [PubMed:
9703291]

27. Krebs EE, Lurie JD, Fanciullo G, Tosteson TD, Blood EA, Carey TS, Weinstein JN. Predictors of
long-term opioid use among patients with painful lumbar spine conditions. J Pain. 2010; 11:44–52.
[PubMed: 19628436]

28. Littell, RC.; Milliken, GA.; Stroup, WW.; Wolfinger, RD.; Schabenberfer, O. SAS for mixed
models. SAS Institute Inc.; Cary, NC: 2006. 2006.

Novy et al. Page 9

J Pain. Author manuscript; available in PMC 2014 March 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Logan HL, Fillingim RB, Bartoshuk LM, Sandow P, Tomar SL, Werning JW, Mendenhall WM.
Smoking status and pain level among head and neck cancer patients. J Pain. 2010; 11(6):528–534.
[PubMed: 20015696]

30. Michna E, Ross EL, Hynes WL, Nedeljkovic SS, Soumekh S, Janfaza D, et al. Predicting aberrant
drug behavior in patients treated for chronic pain: importance of abuse history. J Pain Symptom
Manage. 2004; 28:250–8. [PubMed: 15336337]

31. Moller AM, Villebro N, Pedersen T, Tonnesen H. Effect of preoperative smoking intervention on
postoperative complications: a randomized clinical trial. The Lancet. 2002; 359:114–117.

32. Morasco BJ, Duckart JP, Carr TP, Deyo RA, Dobscha SK. Clinical characteristics of veterans
prescribed high doses of opioid medications for chronic non-cancer pain. Pain. 2010; 151:625–
632. [PubMed: 20801580]

33. Moryl N, Coyle N, Essandoh S, Glare P. Chronic pain management in cancer survivors. J National
Comprehensive Cancer Network. 2010; 8(9):1104–1110.

34. Pamuk ON, Donmez S, Carkir N. The frequency of smoking in fibromyalgia patients and its
association with symptoms. Rheumatol Int. 2009; 29:1311–4. [PubMed: 19152091]

35. Patterson AL, Gritzner S, Resnick MP, Dobscha SK, Turk DC, Morasco BJ. Smoking cigarettes as
a coping strategy for chronic pain is associated with greater pain intensity and poorer pain-related
function. J Pain. 2012; 13:285–292. [PubMed: 22325299]

36. Shi Y, Weingarten TN, Mantilla CB, Hooten WM, Warner DO. Smoking and pain:
pathophysiology and clinical implications. Anesthesiology. 2010; 113:977–92. [PubMed:
20864835]

37. Stevens MH, Gardner JW, Parkin JL, Johnson LP. Head and neck cancer survival and life-style
change. Arch Otolaryngology. 1983; 109:746–49.

38. Sturgis EM, Ciniripini PM. Trends in head and neck cancer incidence in relation to smoking
prevalence: an emerging epidemic of human papillomavirus-associated cancers? Cancer. 2007;
110:1429–1435. [PubMed: 17724670]

39. Theadom A, Cropley M. Effects of preoperative smoking cessation on the incidence and risk of
intraoperative and postoperative complications in adult smokers: a systematic review. British
Medical Journal. 2006; 15:352.

40. Van den Beuken-van Everdingen MHJ, de Riijke JM, Kessels AG, Schouten HC, van Kleef M,
Patijn J. Prevalence of pain in patients with cancer: a systematic review of the past 40 years.
Annals of Oncology. 2007; 18:1437–1449. [PubMed: 17355955]

41. Weingarten TN, Moeschler SM, Ptaszynski AE, Hooten WM, Beebe TJ, Warner DO. An
assessment of the association between smoking status, pain intensity, and functional interference
in patients with chronic pain. Pain Physician. 2008; 11:643–53. [PubMed: 18850028]

42. Zarrindast MR, Khoshayand MR, Shafaghi B. The development of cross-tolerance between
morphine and nicotine in mice. Eur Neuropsychopharmacol. 1999; 9:227–233. [PubMed:
10208292]

43. Zevin S, Benowitz NL. Drug interactions with tobacco smoking. An update. Clin Pharmacokinet.
1999; 36:425–38. [PubMed: 10427467]

44. Zvolensky MJ, McMillan K, Gonzalez A, Asmundson GJ. Chronic pain and cigarette smoking and
nicotine dependence among a representative sample of adults. Nicotine and Tobacco Research.
2009; 11:1407–1414. [PubMed: 19828432]

Novy et al. Page 10

J Pain. Author manuscript; available in PMC 2014 March 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Perspective

This article describes pain, symptom burden, and risk for opioid misuse among cancer
patients with pain across smoking status. Smoking appears to be a potential mechanisms
of having an increased pain and symptom burden and risk for opioid misuse. This
improved understanding of cancer pain will inform clinical practice.
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Table 1

Demographic and Clinical Characteristics of Participants by Smoking Status

Smoking Status

Smoker
a

Non-Smoker
a p-value Total N (col %)

N 94 392 486

Gender, n (row %)

    Female 49 (19.4) 203 (80.6)
0.975

c 252 (51.8)

    Male 45 (19.2) 189 (80.8) 234 (48.2)

Age in years

    Mean (SD) 51.4 (12.0) 55.6 (13.9)
0.007

d 54.8 (13.7)

    Median (Min to Max) 53 (25 to 80) 56 (21 to 90)

Employment, n (col %)

    Disabled 13 (13.8) 29 (7.4)
<0.001

c 42 (8.6)

    Employed 27 (28.7) 153 (39.0) 180 (37.0)

    Unemployed 31 (33.0) 82 (20.9) 113 (23.3)

    Retired 13 (13.8) 107 (27.3) 120 (24.5)

    Other 10 (10.6) 21 (5.4) 31 (6.5)

Cancer Dx, n (col %)

    Bone 2(2.1%) 14 (3.6)
0.113

c 16 (3.3)

    Brain/Spine 4(4.3%) 16 (4.1) 20 (4.1)

    Breast 14(14.9%) 42 (10.7) 56 (11.5)

    Gastrointestinal 12(12.8%) 78 (19.9) 90 (18.5)

    Gynecological 10(10.6%) 21 (5.4) 31 (6.4)

    Head/Neck 21(22.3%) 50 (12.8) 71 (14.6)

    Hematological 9(9.6%) 64 (16.3) 73 (15.0)

    Lung 10(10.6%) 45 (11.5) 55 (11.3)

    Skin 7(7.4%) 26 (6.6) 33 (6.8)

    Urogenital 5(5.3%) 26 (6.6) 31 (6.4)

    Other 0(0.0%) 10 (2.6) 10 (2.0)

Years Smoked

    N 85

    Mean (SD) 33.3 (12.2)

    Median (Min to Max) 35 (7 to 54)

Disease Status, n (row %)

    Active 66 (19.9) 265 (80.1)
0.595

c 331 (68.7)

    Stable 27 (17.9) 124 (82.1) 151 (31.3)

Opioid use
e
 at Consult

    N 63 279 342

    Mean (SD) 127.0 (140.0) 108.2 (143.0)
0.344

d 111.7 (142.4)

    Median (Min to Max) 97.0 (4.2 to 696) 65 (3.8 to 1,525) 70 (3.8 to 1,525)
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b: Non-smoker includes former and never smoker

-- percentages may not sum to 100% due to round-off error

a
Smoker includes cigarette, pipe, and cigars

c
p-value based on a chi-square test

d
p-value based on an independent samples t-test

e
Opioid use is in MEDD mg
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Table 2

Differences in Pain and Other Symptoms at First Consult by Smoking Status

Smoking Status

Smoker Non-Smoker p-value Total

Usual Pain Intensity
a

    N 83 356 439

    Mean (SD) 6.2 (2.1) 5.4 (2.2)
0.001

b 5.5 (2.2)

    Median (Min to Max) 6.5 (1 to 10) 5 (0 to 10)
<0.001

c 5.5 (0 to 10)

Fatigue

    N 90 371 461

    Mean (SD) 7.1 (2.7) 6.0 (2.9)
0.002

b 6.2 (2.9)

    Median (Min to Max) 8 (0 to 10) 7.0 (0 to 10)
0.001

c 7.0 (0 to 10)

Shortness of Breadth

    N 80 370 450

    Mean (SD) 3.0 (3.2) 2.6 (2.9)
0.321

b 2.76 (3.0)

    Median (Min to Max) 2.0 (0 to 10) 1.0 (0 to 10)
0.476

c 1.0 (0 to 10)

Poor Appetite

    N 85 373 458

    Mean (SD) 4.6 (3.5) 3.5 (3.4)
0.0008

b 3.7 (3.4)

    Median (Min to Max) 5.0 (0 to 10) 3.0 (0 to 10)
0.016

c 3.0 (0 to 10)

Depression

    N 85 373 458

    Mean (SD) 4.9 (3.5) 3.4 (3.2)
<0.001

b 3.7 (3.3)

    Median (Min to Max) 5 (0 to 10) 3 (0 to 10)
<0.001

c 3 (0 to 10)

Anxiety

    N 82 371 453

    Mean (SD) 5.4 (3.5) 3.8 (3.3)
<0.001

b 4.1 (3.4)

    Median (Min to Max) 6 (0 to 10) 3 (0 to 10)
<0.001

c 4 (0 to 10)

Drowsiness

    N 81 368 449

    Mean (SD) 4.3 (3.0) 4.0 (3.2)
0.374

b 4.0 (3.1)

    Median (Min to Max) 4 (0 to 10) 4 (0 to 10)
0.326

c 4 (0 to 10)

Difficulty Thinking

    N 81 367 448

    Mean (SD) 3.5 (3.3) 3.4 (3.1)
0.808

b 3.4 (3.1)

    Median (Min to Max) 3 (0 to 10) 3 (0 to 10)
0.980

c 3 (0 to 10)

Insomnia
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Smoking Status

Smoker Non-Smoker p-value Total

    N 82 368 450

    Mean (SD) 5.1 (3.6) 4.1 (3.4)
0.020

ab 4.3 (3.5)

    Median (Min to Max) 6 (0 to 10) 4 (0 to 10)
0.026

bc 4 (0 to 10)

a
Pain was assessed by the BPI usual pain item; all other symptoms were assessed by the ESAS

b
p-value is based on an independent samples t-test

c
p-value is based on a Wilcoxon rank sum test
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Table 3

Differences in responses on SOAPP-SF items by smoking status

Outcomes

Never Infrequently Often p-value
a

1. Have mood swings n (row %)

    Non-Smokers 109 (27.9) 233 (59.6) 49 (12.5) 0.002

    Smokers 17 (18.1) 52 (55.3) 25 (26.6)

2. Smoke within 1 hour after awakening n (row%)

    Smokers only 26 (27.7) 20 (21.3) 48 (51.1) ---

3. Taken meds other than how prescribed n (row %)

    Non-Smokers 293 (74.7) 77 (19.6) 22 (5.6) <0.001

    Smokers 49 (52.1) 37 (39.4) 8 (8.5)

4. Used illegal drugs in the past 5 years n (row %)

    Non-Smokers 376 (96.2) 10 (2.6) 5 (1.3) <0.001

    Smokers 76 (80.8) 13 (13.8) 5 (5.3)

5. Had legal problems or been arrested n (row %)

    Non-Smokers 359 (91.6) 32 (8.2) 1 (0.3) <0.001

    Smokers 67 (71.3) 24 (25.5) 3 (3.2)

a
p-values are based on a chi-square test
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Table 4

Linear multilevel model analyses on changes in pain and opioid use on subsample
a
 across visits.

At Consult 1st Follow-up 6-9 Months

Usual Pain Intensity

Non-Smokers

N 356 211 84

Mean (SD) 5.36 (2.23) 4.35 (2.24) 4.01 (1.99)

Smokers

N 83 59 23

Mean (SD) 6.24 (2.07) 5.02 (2.25) 4.76 (2.52)

LMM Results

Effect Est. ± SE t-value (df) p-value

Intercept 5.61 ± 0.17 33.2 (190) <0.001

Smoking Status 0.70 ± 0.30 2.34 (190) 0.02

Visits −0.95 ± 0.11 −8.46 (263) <0.001

Opioid Use
b

Non-Smokers

N 279 165 67

Mean (SD) 108.21 (142.96) 114.06 (110.61) 117.79 (122.55)

Smokers

N 63 48 18

Mean (SD) 127.05 (139.89) 110.00 (110.22) 200.18 (196.36)

LMM Result

Effect Est. ± SE t-value (df) p-value

Intercept 109.78 ± 11.51 9.54 (190) <0.001

Smoking Status 17.84 ± 18.91 0.94 (190) 0.35

Visits 9.80 ± 8.19 1.20 (254) 0.23

a
Subsample descriptives are as follows: For Usual Pain Score (All patients combined) 86 had complete data at all three time points 249 had

complete data at time points 1 and 2 90 had complete data at time points 2 and 3 101 had complete data at time points 1 and 3 For Opioid use (All
patients combined) 66 had complete data at all three time points 198 had complete data at time points 1 and 2 73had complete data at time points 2
and 3 74had complete data at time points 1 and 3

b
Opioid use is in MEDD mg. At time of consult, opioid use is based on amount of opioids patients report using on an average day in past week. At

subsequent time points, opioid use is based on amount of opioids prescribed.
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