
Differences in the Prevalence and Severity of Side Effects Based
on Type of Analgesic Prescription in Patients with Chronic Cancer
Pain

Patrice Villars, RN, MS, Marylin Dodd, RN, PhD, FAAN, Claudia West, RN, MS, Theresa
Koetters, RN, MS, Steven M. Paul, PhD, Karen Schumacher, RN, PhD, Debu Tripathy, MD,
Peter Koo, PharmD, and Christine Miaskowski, RN, PhD, FAAN
School of Nursing (P.V., M.D., C.W., T.K., S.M.P., C.M.) and School of Pharmacy (P.K.), University
of California, San Francisco, San Francisco, California; School of Nursing (K.S.), University of
Nebraska, Omaha, Nebraska; and School of Medicine (D.T.), University of Texas Southwestern
Medical Center, Dallas, Texas, USA

Abstract
An understanding of the relationship between the type of analgesic prescription and the prevalence
and severity of side effects is crucial in making appropriate treatment decisions. The purposes of this
study were: to determine if there were differences in the prevalence of side effects among four
different types of analgesic prescriptions (i.e., no opioid, only an as needed (PRN) opioid, only an
around-the-clock (ATC) opioid, or an ATC + PRN opioid); to determine if there were differences in
the severity of side effects among the four prescriptions groups; and to determine the relationships
between the total dose of opioid analgesic medication prescribed and taken and the severity of side
effects. As part of a larger study, 174 cancer patients with bone metastasis reported their analgesic
use and the prevalence and severity of eleven side effects. Significant differences (P < 0.05) were
found in prevalence rates for seven of the side effects among the four prescription groups. The highest
prevalence rates were found in the only ATC and ATC + PRN groups. Significant differences were
found in the severity scores for five of the side effects, with the highest severity scores reported by
patients in the only ATC and ATC + PRN groups. Significant positive correlations were found
between the severity of six of the side effects and the total dose of opioid prescribed and taken. Risk
factors for analgesic-induced side effects are ATC and ATC + PRN prescription types and higher
doses of opioid analgesics.
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Introduction
Side effects of analgesic medications are a well documented barrier to successful pain
management. These side effects limit the titration of analgesics to achieve optimal pain control
and decrease the patient's quality of life (1,2). Side effects commonly associated with chronic
administration of various classes of analgesic medications include gastrointestinal (e.g.,
nausea, vomiting, indigestion, constipation), central nervous system (e.g., drowsiness,
difficulty concentrating, hallucinations/nightmares, lightheadedness, poor coordination, lack
of energy), and autonomic nervous system (e.g., urinary retention, xerostomia) effects. The
recently revised clinical practice guideline for cancer pain management (3) noted that analgesic
medications should be titrated to achieve effective analgesia with tolerable side effects.

An understanding of the relationships between the type of analgesic prescription and the
prevalence and severity of side effects is crucial in making appropriate treatment decisions for
both pain control and side effect management. However, very little data are available on the
differences in either the prevalence or the severity of side effects associated with different types
of analgesic prescriptions. In addition, no data exist on the relationships between the severity
of side effects and the total dose of opioid analgesics prescribed or taken. Therefore, the
purposes of this study, in a sample of oncology outpatients with pain from bone metastasis,
were: to determine if there were differences in the prevalence of side effects among four
different types of analgesic prescriptions (i.e., no opioid, only an as needed (PRN) opioid, only
an around-the-clock (ATC) opioid, or an ATC + PRN opioid); to determine if there were
differences in the severity of side effects among the four different types of analgesic
prescriptions; and to determine the relationships between the total dose of opioid analgesic
prescribed and taken and the severity of side effects.

Literature Review
A number of systematic reviews have evaluated the prevalence of analgesic side effects
associated with the treatment of cancer (1,4) and chronic noncancer (5-9) pain. Most prevalence
rates were derived from adverse event data reported as a part of studies of new analgesics. In
these reviews, constipation with opioid use ranged from 27% to 70%; nausea and vomiting
from 10% to 30%; sedation from 20% to 70%; and poor sleep or difficulty sleeping from 19%
to 31%. However, the majority of the studies included in these systematic reviews were short-
term trials (i.e., less than 28 days) with opioid analgesics. Therefore, little is known about the
prevalence and severity of side effects in patients who are taking opioids for longer than one
month.

A few studies have provided limited data on the relationship between opioid-induced side
effects and total opioid dose (10,11). While the primary purpose of these studies was not to
evaluate the prevalence and severity of analgesic side effects or the relationship between total
dose and severity of side effects, some information can be extrapolated from this work. Boureau
et al. (10) compared the efficacy and adverse effects of controlled-release morphine suspension
and controlled-release morphine tablets for chronic cancer pain in a crossover study of 44
patients. The prevalence rates for those side effects that persisted throughout the two-week
study ranged from 75.8% to 78.8% for constipation, 57.1% to 75.0% for nausea, 50.0% for
vomiting, and 69.0% to 86.2% for daytime drowsiness. While the mean daily dose of oral
morphine was reported to be 108 mg ± 57, no data were reported on the relationship between
opioid dose and severity of these side effects.

Comparing the safety and efficacy of morphine immediate-release tablets and sustained-release
morphine tablets, Walsh et al. (11) found that 9% to 10% of study participants experienced
nausea and 35% experienced sedation. The mean daily dose of opioid ranged from 108 mg ±

Villars et al. Page 2

J Pain Symptom Manage. Author manuscript; available in PMC 2007 March 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



11.7 to 120 mg ± 13.0. Again, no data were provided on the relationship between the total
opioid dose and the severity of side effects.

Two recent evidence-based reviews on cancer pain summarized symptom management
strategies for the most common side effects of analgesic medications (1,4). Cherny et al. (1)
identified six side effects that adversely impact oncology patients use of opioid medications,
namely: nausea/vomiting, constipation, sedation, cognitive failure, myoclonus, and pruritis.
McNicol et al. (4) conducted a systematic review of 67 studies on the management of side
effects associated with opioids. The side effects evaluated in this review were sedation, nausea/
vomiting, delirium, myoclonus, pruritis, respiratory depression, and constipation. Additional
work is warranted to determine whether differences exist in the prevalence and severity of side
effects associated with analgesic medications in oncology outpatients who are taking these
drugs on an as needed or routine basis for the management of cancer pain.

Methods
Sample and Settings

This descriptive correlational study is part of a large randomized clinical trial (RCT) that
evaluated the effectiveness of the PRO-SELF© Pain Control Program compared to standard
care in improving cancer pain management (12-14). Two hundred and twelve oncology
outpatients were recruited from seven outpatient settings in Northern California including a
university-based cancer center, two community-based oncology practices, one outpatient
radiation therapy center, one health maintenance organization, one Veterans Administration
facility, and one military hospital. Only those patients (n = 174) who completed the study were
included in this analysis. Some patients (n = 38) did not complete the entire study for a variety
of reasons, including increased severity of illness, intervening cancer treatments that required
hospitalization, and death. No differences were found in any of the demographic, disease, or
baseline pain characteristics between patients who did and did not complete the study.

The participants were adult oncology outpatients (> 18 years old) who were able to read, write,
and understand English. All participants had a Karnofsky Performance Status (KPS) score of
≥ 50; had an average pain intensity score of ≥ 2.5 on a 0 to 10 numeric rating scale (based on
an average of seven days of baseline ratings of pain intensity); and had radiographic evidence
of bone metastasis.

Instruments
Patients completed a demographic questionnaire, the KPS rating scale (15), a pain management
diary, and a side effects checklist. In addition, the patient's medical record was reviewed for
disease and treatment information. The demographic questionnaire obtained information on
age, gender, marital status, living arrangements, education level, and ethnicity. Baseline
information about the patient's pain problem was obtained using 0 (no pain) to 10 (excruciating
pain) numeric rating scales for pain now, as well as average, worst, and least pain.

Patients were asked to rate the number of hours per day and the number of days per week they
experienced pain that interfered with their mood or activities. Interference times were taken
from the Brief Pain Inventory (16) and determined how cancer-related pain interfered with the
person's ability to perform eight activities. For each of the interference items, patients circled
a number between 0 (“does not interfere”) and 10 (“completely interferes”) that indicated the
degree to which pain interfered with different activities. A total interference score was
calculated as the sum of the responses to the eight items. In addition, patients were asked to
indicate the amount of relief they received from their pain medicine in the last week (i.e., 0%
= no relief to 100% = complete relief).
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The KPS scale measures the patients' ability to accomplish normal activities of daily living
and their need for caregivers' assistance (15). The KPS scale used in this study consisted of
eight items that patients used to rank their functional status. The items ranged from 30 (i.e.,
disability requiring hospitalization) to 100 (i.e., adequate health status with no complaints and
no evidence of disease). Reliability and validity of the KPS have been established previously.

Detailed data were collected on all analgesics prescribed and taken on a PRN and ATC basis
using a pain management diary (17). The bottom portion of the diary obtained the information
on pain medication. Patients recorded both routine (i.e., ATC) and extra (i.e., PRN) analgesic
medications and the times they were taken. Side effects of analgesic medications were
evaluated on a weekly basis using the checklist shown in Figure 1. Intensity of side effects was
rated using a 0 to 4 scale (i.e., 0 = did not have, 1 = slight, 2 = moderate, 3 = severe, and 4 =
very severe) (14). Side effect data from the end of the first week of the RCT are reported in
this paper.

Data Collection Procedures
This study was approved by the Committee on Human Research at the University of California,
San Francisco and at each of the study sites. Patients were approached in an outpatient setting
by a recruitment nurse who explained the study procedures and obtained written informed
consent. Patients completed the demographic questionnaire and KPS rating at the time of
enrollment into the study. Patients were taught during the first home visit how to complete the
pain management diary and side effect checklist. Analgesic prescriptions were verified by the
research nurses at the time of the home visit.

Data Analysis
Descriptive statistics and frequency distributions were generated for the demographic and
disease-related characteristics. Each patient's analgesic prescription was categorized on the day
of enrollment into one of four categories (i.e., no opioid, only PRN opioid, only ATC opioid,
or ATC + PRN opioid). All of the opioid doses were converted to morphine equivalents. One-
way analyses of variance (ANOVAs) or Chi-square analyses were performed to evaluate for
differences in demographic, treatment, and baseline pain characteristics among the patients in
the four analgesic prescription groups. Chi-square tests were done to evaluate for differences
in the prevalence of each of the side effects among the four analgesic prescription groups.
Kruskall-Wallis tests were done to evaluate for differences in the severity of each of the side
effects among the four analgesic prescription groups. The relationships between the total dose
of opioid analgesic prescribed and taken on the day of enrollment and the severity of each of
the side effects were evaluated using Spearman correlations.

All calculations used actual values. Adjustments were not made for missing data. Therefore,
the cohort for each analysis was dependent on the largest set of complete data across groups.
For all primary statistical tests, a P-value of <0.05 was considered statistically significant.
Pairwise contrasts were done to determine precisely where the differences were among the
four prescription groups. With four opioid prescription groups, six pairwise comparisons were
possible (i.e., none versus only PRN, none versus only ATC, none versus ATC + PRN, only
PRN versus only ATC, only PRN versus ATC + PRN, and only ATC versus ATC + PRN).
For each dependent variable, the family of six contrasts was given an alpha of .05. Using the
Bonferroni method to keep the family alpha level at 0.05, each pairwise contrast was considered
statistically significant if its P-value was <0.008 (.05/6). The P-values presented for each of
the pairwise contrasts have been adjusted so that values of less than 0.05 indicate statistical
significance.
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Results
Distribution of Types of Analgesic Prescriptions

The distribution of patients' analgesic prescriptions was as follows: 11% no opioids, 42% only
PRN opioids, 18% only ATC opioids, and 29% ATC + PRN opioids.

Demographic Characteristics
The demographic characteristics of patients in the four prescription groups are summarized in
Table 1. No differences were found among the four prescription groups for the majority of
demographic characteristics except age, KPS score, and living arrangements. Significant
differences in age and living arrangements were found among the four prescription groups.
However, none of the pairwise contrasts demonstrated significant differences for either age or
living arrangements. KPS scores for patients in the ATC + PRN group were significantly lower
than for patients in either the no opioid or the only PRN opioid groups.

Disease and Treatment Characteristics by Type of Analgesic Prescription
As shown in Table 2, no differences in disease or treatment characteristics were found among
patients in the four prescription groups.

Baseline Pain Characteristics and Analgesic Doses
No significant differences were found in pain now, average pain, worst pain, or length of time
in pain among patients in the four prescription groups. As shown in Table 3, significant
differences were found among the four groups in total pain interference score, percentage of
pain relief in the past week, total dose of opioid prescribed, and total dose of opioid taken.
Total pain interference scores were significantly higher in the ATC + PRN opioid group than
in the no opioid group (P = 0.002). Percentage of pain relief was significantly lower in the no
opioid group compared to the only PRN opioid group (P = 0.008).

The most common short-acting opioids that were prescribed and taken were acetaminophen
with codeine and acetaminophen with hydrocodone. The most common controlled release
opioids that were prescribed and taken were controlled release morphine and transdermal
fentanyl. As shown in Table 3, significant differences in the total dose of opioid prescribed
and taken (both P < 0.0001) were found among the three opioid prescription groups. Patients
in the ATC + PRN group had significantly higher doses of opioids prescribed and taken than
either the PRN or ATC opioid groups. No differences were found among the groups in the
percentage of patients who had a co-analgesic prescribed. However, significant differences
were found in the percentage of patients with a prescription for an NSAID (P < 0.0001), with
the highest percentage found in the only PRN opioid group.

Prevalence of Analgesic Side Effects by Type of Analgesic Prescription
Table 4 provides data on the prevalence of each of the eleven side effects by type of analgesic
prescription. No significant differences in prevalence rates were found among the four
prescription groups for difficulty sleeping and indigestion/upset stomach. Significant
differences in prevalence rates were found for the remaining nine side effects. An examination
of the post hoc contrasts provides more detailed information on the effects of a specific
analgesic prescription on the prevalence of each side effect. For example, the prevalence of
constipation was significantly less in the no opioid group compared to the only ATC and the
ATC + PRN opioid groups. A similar pattern was observed for feeling drowsy and poor
coordination.
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Severity of Analgesic Side Effects
Table 5 provides data on the severity of each of the eleven side effects by type of analgesic
prescription. Side effect severity scores could range from 0 (did not have) to 4 (very severe).
No significant differences in the severity scores for lack of energy, nausea, difficulty sleeping,
or indigestion/upset stomach were found among the four prescription groups. Again, an
examination of the post hoc contrasts provides more detailed information on the effects of
analgesic prescriptions on the severity of side effects. For example, the severity of difficulty
concentrating, constipation, feeling drowsy, and poor coordination were significantly less in
the no opioid group compared to the ATC + PRN opioid group.

Relationships Between Severity of Analgesic Side Effects and Opioid Dose
The relationships between the severity of the eleven side effects and the total dose of opioid
prescribed and taken are listed in Table 6. Significant correlations were found between both
the total dose of opioid prescribed and the total dose of opioid taken and the severity scores
for difficulty concentrating, nausea, vomiting, constipation, feeling drowsy, and poor
coordination. No significant correlations were found between either the total dose of opioid
prescribed or the total dose of opioid taken and the severity scores for lack of energy,
nightmares, difficulty sleeping, light headedness, or indigestion/upset stomach.

Discussion
This study is the first to describe the prevalence and severity of side effects by the type of
analgesic prescription as well as the relationships between the severity of opioid-induced side
effects and the total dose of opioids prescribed and taken in a sample of oncology outpatients
with chronic cancer pain. Previous studies have reported limited information on the prevalence
and severity of analgesic side effects usually as part of adverse event reporting in the context
of an analgesic trial.

The prevalence rates for the various side effects found in this study are similar to those reported
in previously published systematic reviews of cancer pain management (1,4). As shown in
previous studies, the prevalence rates for the majority of analgesic side effects ranged between
25% and 80% despite recommendations in clinical practice guidelines to treat these side effects
aggressively (3). Of note, the highest prevalence rates and severity ratings for the majority of
the side effects were found in the only ATC and ATC + PRN groups. Patients in these two
prescription groups reported prevalence rates between 24.5% and 83.3% for all eleven side
effects. These data suggest that patients with ATC + PRN or only ATC opioid prescriptions
are at the greatest risk for analgesic side effects. In addition, findings from this study suggest
that patients with a poor functional status, who in this patient sample with bone metastasis may
have had more extensive disease and pain severity scores that warranted the use of higher doses
of opioid analgesics, may be at greater risk for more severe side effects. The associations
between functional status, opioid analgesic intake, and side effects warrant additional research.

Significant positive correlations were found between the total dose of opioid prescribed and
taken for six of the eleven side effects, suggesting that a higher dose of an opioid medication
is also a risk factor for many side effects. In this study, the mean total opioid dose (mg/day in
morphine equivalents) prescribed and taken for the ATC + PRN analgesic group was 443.9
mg (± 453.3) and 264.3 mg (± 358.8), respectively. The dose of opioids taken by patients in
the ATC + PRN group was three and a half times higher than that in the only ATC group and
seventeen times higher than that in the only PRN group. While this study demonstrates that
both prescription type (i.e., only ATC and ATC + PRN) and total opioid dose are associated
with more severe analgesic-induced side effects, additional research is needed to determine
the relative contribution of these two factors to the prevalence and severity of each side effect.
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The possible range for the severity ratings of each of the analgesic side effects was 0 (did not
have) to 4 (very severe). As shown in Table 5, the majority of the side effects, while prevalent,
had extremely low mean severity ratings. The low severity ratings may be explained in part
because the rating of “did not have” was included in the calculation of the mean severity ratings.
When mean severity ratings were calculated for only those patients that actually had the side
effect, the mean severity ratings ranged between 1.25 (i.e., poor coordination) and 1.95 (i.e.,
constipation), indicating that on average these side effects were all in the slight to moderate
range.

Another possible explanation for the low severity ratings is that these patients may have become
tolerant to some of the side effects or were using strategies to overcome these side effects. A
limitation of this study is that detailed information was not collected in a systematic fashion
on the duration of the analgesic prescription prior to enrollment into this study or on specific
side effect management strategies. However, based on qualitative analyses of data from this
study (2,18), one of the many obstacles to adequate pain management that patients reported
was unrelieved analgesic side effects, particularly constipation. Another limitation of this study
is that while patients were asked to attribute their side effects to their analgesic medications,
we cannot guarantee that other factors (e.g., disease progression, co-morbidities, or side effects
of cancer treatment or other medications) did not contribute to these reports. However, the
differences in the prevalence and severity of many of these side effects found in this study
suggest that these side effects were associated with analgesic intake.

It should be noted that findings from several studies suggest that sex (19-24) and ethnic
(25-28) differences exist in the prevalence and severity of side effects. For example, women
were found to be more sensitive to the respiratory effects of morphine (22). Since the majority
of the patients in this study were female and Caucasian, gender and ethnic differences in the
side effect of analgesics were not evaluated but do warrant investigation in future studies.

In conclusion, as noted in previous reviews (1,4) side effects of analgesic medications used to
control cancer pain are a barrier to adequate pain control and have a negative impact on patients'
quality of life. Despite practice guidelines that recommend early and aggressive treatment of
analgesic side effects (3), side effects continue to occur in the majority of oncology patients.
Regardless of the type of analgesic prescription, prevalence rates were high for most of the
side effects, with the highest rates and severity in the only ATC and ATC + PRN opioid groups.
Severity ratings for these side effects remained in the mild to moderate range regardless of the
opioid prescription group and related treatments. In addition, the severity of many of the side
effects was strongly related to higher total opioid dose prescribed and taken.

Findings from this study suggest that significant risk factors for both prevalence and severity
of analgesic side effects are ATC and ATC + PRN prescription types and total opioid dose.
An understanding of the risk factors for analgesic side effects must play a role in the ongoing
management of cancer pain. Future research on analgesic side effects needs to obtain more
detailed information on the severity of these side effects (e.g., have patients rate the severity
of the side effects using a 0 to 10 numeric rating scale) and on effective and ineffective
management strategies.
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Figure 1.
Side effects checklist from the PRO-SELF© Pain Management Diary.
Directions: below is a list of symptoms that can sometimes occur when taking pain medicine.
If you have had any of these symptoms during the past week, indicate how intense or bad it
usually was by marking the appropriate box with an X. If you did not have the symptom, mark
an X in the box marked “did not have”.
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Table 6
Spearman Correlations Between the Severity of Side Effects and Total Dose of Opioid Prescribed and Taken

Side Effect Total Dose of Opioid Prescribed Total Dose of Opioid Taken
Difficulty concentrating 0.29; P <0.0001 0.36; P <0.0001
Lack of energy 0.15; NS 0.13; NS
Nightmares 0.15; NS 0.16; NS
Nausea 0.23; P =0.006 0.25; P =0.003
Vomiting 0.19; P =0.019 0.22; P =0.007
Constipation 0.23; P =0.005 0.30; P <0.0001
Difficulty sleeping −0.01; NS −0.11; NS
Feeling drowsy 0.32; P <0.0001 0.37; P <0.0001
Light headedness 0.05; NS 0.12; NS
Poor coordination 0.18; P =0.03 0.23; P =0.005
Indigestion/upset stomach 0.16; NS 0.13; NS
NS = not significant
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