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INTRODUCTION

Pain is both common and challenging to manage in patients with cancer. Disease 

progression, oncologic treatment (e.g., chemotherapy, surgery), and co-morbid conditions 

may contribute to inter-individual variation in pain, as well as to fluctuating needs for 

clinical management [13, 35]. The majority of patients with cancer require emergency 

department (ED) visits and hospitalization during the course of their illness [24, 35]. Over 

two thirds of cancer patients visit the ED within 6 months of diagnosis [39], and up to 60% 

are hospitalized [13, 35]. Studies suggest that up to 40% of ED visits during cancer are for 

pain [13, 35].

Opioid analgesia is a pharmacologic mainstay of cancer pain management, with patients 

self-titrating opioid consumption on an as needed basis, with variable success [31]. 
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Unfortunately, increased restrictions on opioid prescribing, although not necessarily 

intended for patients with cancer, may dissuade clinicians from prescribing opioids, while 

stigma may simultaneously discourage patients from using opioids [4]. Opioid prescriptions 

for cancer pain have substantially declined [2, 22] and one study demonstrated a 50% rise 

in cancer pain-related ED visits over the past decade [22]. Previous studies in patients with 

chronic non-cancer pain suggest that higher psychological distress and pain catastrophizing 

are associated with worse pain outcomes, including during hospitalization [21, 38]. Yet, to 

our knowledge, no study has examined whether these and other salient factors are associated 

with worse pain outcomes among hospitalized cancer patients.

Demographic, clinical, and psychological factors may modulate pain and explain inter-

individual variability in patients’ pain experiences. An increased understanding of the 

impact of patient-level risk factors on pain may help identify hospitalized patients at highest 

risk, and inform personalized, early intervention. As many of these risk factors may be 

interrelated, a simultaneous and comprehensive assessment of a wide range of potential 

pain-modulatory factors is important when evaluating their influence. In this prospective 

study, we aimed to evaluate demographic, clinical, and psychological characteristics as 

potential predictors of worse daily pain and greater daily opioid administration in a sample 

of cancer patients who presented to the ED with pain and were subsequently hospitalized. 

We hypothesized that greater psychological symptoms would be associated with greater pain 

and increased opioid administration during admission.

METHODS

Patients were recruited for this prospective observational cohort study upon presentation to 

the ED at Brigham and Women’s Hospital (BWH), an academic, urban hospital in Boston, 

MA that serves as the primary ED for the Dana-Farber Cancer Institute. This ED evaluates 

approximately 60,000 patients annually, a third of whom are oncology patients. Study 

procedures were approved by the Massachusetts General Brigham Institutional Review 

Board.

Participants and Study Procedures

Patients presenting to the ED with pain were screened for eligibility. Inclusion criteria 

were: age≥18, cancer requiring treatment within the last two years, pain of ≥4/10, English 

proficiency, and medical and psychiatric stability confirmed by the treating clinician. A 

research assistant approached the patient to explain the study. After providing consent, 

patients completed a 10-15 minute questionnaire using REDCap (Research Electronic Data 

Capture), a secure, web-based software platform [26]. A study assistant collected basic 

demographic and clinical information from the chart at baseline, and completed a pain-

focused structured abstraction of the medical record after hospital discharge.

Information about the 178 patients enrolled in the larger parent ED study have been 

described previously [5]. The current analysis was restricted to the 111 patients (62%) who 

were admitted to the hospital after this ED visit.
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Primary Outcomes

Primary outcomes were daily average pain severity and opioid administration during 

hospitalization. Pain scores were recorded by clinicians in the electronic medical record 

(EMR) routinely with vital signs and during intermittent clinical assessments, (e.g., before 

and after analgesic administration). Therefore, the total number of pain scores recorded 

per patient per day was variable, typically at least 5 scores per day, but ranging up to 

17 per day. Opioid analgesics administered during the hospital stay were recorded with a 

timestamp in the EMR. All pain scores within each calendar day (24-hour time period from 

midnight-midnight) were averaged for a total daily pain score. All opioids administered 

during each calendar day were converted to morphine milligram equivalents (MMEs), 

allowing calculation of a total daily opioid administration, then divided by the number of 

hours inpatient on that calendar day (i.e., typically 24hrs, but fewer on days of admission or 

discharge), and expressed as MME/hr.

Independent Variables

Patients completed questionnaires to self-report their race, education, income, and health 

literacy [17], as well as cancer treatment (e.g., chemotherapy, surgery, immunotherapy, 

radiation) received in the last two years, cancer-related surgical procedures in the last 

3 months, and chronic pain predating their cancer. Patients also self-reported current 

analgesic use, including opioids. NIH-PROMIS short-forms were used to assess symptoms 

of depression, anxiety, and sleep disturbance in the past 7 days. Scores were converted to 

t-scores to compare to standard populations using PROMIS conversion tables [15], The Pain 

Catastrophizing Scale (PCS) assessed rumination, helplessness, and magnification of pain 

in the past 7 days [42], using a 5-point Likert scale, with higher scores representing worse 

symptoms (range 0-52). The 4-item Perceived Stress Scale (PSS-4) [18] measured perceived 

stress within the last week using a 5-point Likert scale (range 0-20). Age, gender, insurance 

type, cancer treatment in the last 6 weeks, and metastatic disease status were abstracted from 

the EMR.

Statistical Analysis

To estimate associations between independent and dependent variables (i.e., daily pain 

severity, daily opioid administration) collected longitudinally (daily) across the hospital 

stay, we performed univariable generalized estimating equation (GEE) analyses with an 

autoregressive correlation structure, which allows estimation of an IV with the DV across 

multiple days and can accommodate missing data or unequal numbers of observations (e.g., 

variations in total number of inpatient days). Association effect sizes are reported as GEE 

model beta coefficients (B) and confidence intervals (CI). Each individual univariable GEE 

evaluated the relationship between a single baseline independent variable (age, gender, 

race, education, income, smoking status, insurance type, health literacy, metastatic disease, 

history of recent surgery, previous history of chronic pain, current outpatient opioid use, 

depression, anxiety, pain catastrophizing, sleep disturbance, and stress) assessed at time of 

ED admission, and the outcome of interest across all days of admission (daily average pain 

or daily opioids administered). Independent variables that were associated with both the 

outcomes at the p≤0.1, or with one outcome at the p≤0.05 level, were included in subsequent 
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multivariable GEE analyses. These multivariable GEE analyses allowed for an evaluation of 

the independent contribution of baseline variables to explaining variance in each outcome, 

while controlling for the impact of other variables included in the multivariable model. As 

an additional exploratory analysis, we compared characteristics of patients who were or 

were not discharged with a new opioid prescription using Mann-Whitney U, Wilcoxon rank 

sum, and Pearson Chi-square tests. All analyses were performed using Statistical Package 

for the Social Sciences version-27, IBM corporation, Armonk, NY.

RESULTS

Of the 330 patients screened upon arrival to the ED, 250 were eligible, 178 consented, and 

175 completed their baseline survey (76%) [5]. Of those consenting in the ED, 111(62%) 

were subsequently hospitalized and had inpatient pain scores and opioid utilization data, 

and were included in the current analysis (Table 1). Mean hospital length of stay was 5.6 

days (median=3, SD=6.6, range:1-37 days), with the majority (90%) of patients staying 

15 days or less. Approximately half of these patients were female (54%), 85% identified 

as White, and most (73%) reported pain as the primary reason for presenting to the ED. 

Patients had various cancer types, including colorectal (21%), ovarian (13%), lung (12%), 

pancreatic/liver (10%), and breast (8%) as the most common types. Metastatic disease was 

common (80%) and most patients (70%) had undergone some treatment for cancer in the 

last 6 weeks, and about a third (32%) reported having cancer-related surgery in the previous 

3 months. About half (46%) reported taking prescription opioids for pain before their 

admission (referred to as “outpatient opioid use”), 26% reported using outpatient non-opioid 

over-the-counter pain medications, and 9.7% reported using cannabis (Table 1). Reported 

symptoms of depression, anxiety, and sleep disturbance were similar to other clinical 

samples (t-scores in 54th-56th percentile), slightly above average compared to population 

means, [14] and patients reported relatively high levels of pain catastrophizing (18.5±12.5), 

similar to chronic pain samples [6].

The median number of EMR pain scores on hospital day 1 was 7 (n=109, M=7.27, SD=3.66, 

range: 1-17) and this number remained stable (6-8 scores/day) on subsequent hospital days 

(Table 2). For each patient, all pain scores for a 24-hour period were averaged (daily pain 

severity score). While there was a large amount of inter-individual variability, on average 

pain scores fell in the moderate severity range (3.4-5.0/10, Figure 1A). Most patients (87%) 

received opioid analgesics during their hospitalization (Figure 1B). Median daily dose of 

opioids administered was 20 MMEs (M=75.4, SD=159.9, range:0-1136), with the majority 

of patients receiving less than 60 MMEs per day. Average daily opioids administered 

across the group varied over time: 28.6 MMEs (SD=55.7) on hospital day 1, with a trend 

towards higher average MME/day across time (116 MMEs (SD= 300.6) on the 12th day 

of admission), possibly reflecting a shift in the distribution of patients as length of stay 

increased (Figure 1B). Only 3 patients received a pain intervention (e.g., nerve block) while 

hospitalized. The majority of patients were discharged home (87.6%), with the remaining 

discharged to hospice (6.1%) or a skilled nursing facility (4.4%), and 2 individuals died 

during hospitalization.
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Univariable GEE Analyses

Patient characteristics that were significantly associated with both daily pain severity and 

daily opioid administration during hospitalization on univariable GEE analysis included 

younger age, lower education, time since last recent cancer surgery, metastasis, outpatient 

opioid use, and greater depression, anxiety, and pain catastrophizing (p≤.05). Additionally, 

lower income, lower health literacy, greater sleep disturbance and perceived stress, and 

chronic pain predating a patient’s cancer diagnosis were significantly associated with greater 

daily pain during hospitalization, but not greater opioid administration (p≤.05, Table 3).

Multivariable GEE Analyses

Risk Factors for Higher Daily Pain Severity during Hospitalization—Patient 

characteristics that emerged as independently associated with greater daily pain severity 

on multivariable analysis included: recent surgery (B=−0.2 p=0.016), higher pain 

catastrophizing (B=0.1, p=0.001), outpatient opioid use (B=1.4, p≤0.001), and chronic 

pain predating a patient’s cancer diagnosis (B=0.8, p=0.022). Other demographic, clinical, 

and psychological factors were not independently related to daily pain severity in the 

multivariable model (Table 4, Figure 2).

Risk Factors of Higher Daily Opioid Administration during Hospital—Patient 

characteristics that emerged as independently associated with higher daily opioid 

administration on multivariable analysis included: metastatic disease (B=16.2, p=0.038), 

higher pain catastrophizing (B=1.6, p=0.049), higher anxiety symptoms (B=3.7, p=0.030), 

lower depressive symptoms (B=−4.9, p=0.028), and outpatient opioid use (B=32.8, 

p≤0.001). Other demographic, clinical, and psychological factors were not independently 

related to daily opioid administration in the multivariable model (Table 4, Figure 2).

New Analgesic Prescriptions at Hospital Discharge

A subset of patients who were not taking opioids when presenting to the hospital, 

subsequently received a new analgesic prescription at discharge. Of the 113 hospitalized 

patients, 17% (n=19) were discharged with a new opioid prescription (reported no previous 

outpatient opioid use before admission). These patients were more likely to have more 

advanced disease (15/19 with stage≥3 cancer; χ2=12.6, p=0.006). No other demographic, 

clinical, or psychological characteristics distinguished these patients from the larger group. 

A small proportion of the whole cohort were discharged with new anxiolytics (16%, n=18), 

antidepressants (8%, n=9), Gabapentin (7%, n=8), acetaminophen (28%, n=32), and Non-

Steroidal Anti-Inflammatory Drugs (<1%, n=1).

DISCUSSION

In this prospective cohort study of hospitalized cancer patients, we observed that greater 

psychological symptoms were independently associated with worse pain and greater opioid 

administration. Specifically, controlling for demographic and clinical characteristics, higher 

pain catastrophizing was independently associated with both greater daily pain severity 

and daily opioid administration, while higher anxiety was associated with greater opioid 

administration. These findings, that both catastrophizing and anxiety are associated with 
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worse pain outcomes among hospitalized cancer patients, may suggest that treatments which 

also address psychological symptoms could be helpful to incorporate into pain management 

plans.

Pain catastrophizing, a psychological process that includes rumination on and magnification 

of pain, as well as helpless thoughts about pain [32] was independently associated with both 

worse daily pain and greater daily opioid administration during hospitalization. For many, 

experiencing the diagnosis and treatment of cancer is life-altering and triggers significant 

distress, which can worsen pain [12]. It is understandable that patients with a cancer 

diagnosis experience significant worry when pain worsens, [28] as such worsening could 

potentially denote disease progression, resulting in fear, anxiety, and a desire for further 

evaluation. Our results highlight that catastrophic cognitions about pain have a significant, 

consistent, and independent association with worse pain outcomes, and may represent a 

potential target for interventions that address such cognitions.

It is plausible that patients who experience higher anxiety and higher catastrophic thoughts 

about pain may verbalize more about their pain experience, and thus, potentially receive 

more opioids during hospitalization. Interestingly, in contrast, greater depressive symptoms 

were associated with lower daily opioid administration in this sample. Possible explanations 

for this somewhat counterintuitive finding may be that depressive symptoms may result in 

patients being less vocal about their pain, an increased awareness of clinicians regarding 

the relationship between depression and opioid misuse which encourages less treatment 

of depressed affect with opioids, or a generally lesser or more complex association of 

depression with acute pain and opioid use. Several other studies have also identified that 

while anxiety or catastrophizing were associated with greater opioid use after surgery 

or during patients’ hospitalizations, depression in fact was not [6, 20, 21, 38, 40, 45]. 

While opioids should continue to be readily available to treat cancer-related pain, oncology 

care teams need to screen and treat psychological symptoms that co-occur with cancer 

pain because these symptoms are associated with worse pain outcomes and research has 

shown that psychological symptoms are risk factors for opioid misuse [12, 41]. Future 

studies which explicitly investigate interactions between depression and other psychological 

symptoms in the treatment of cancer-related pain are merited.

Not surprisingly, patients who reported taking opioids before hospitalization (43% of this 

sample) had greater daily opioid consumption and reported greater daily pain, highlighting 

the challenge of effective pain management in the presence of opioid tolerance. Currently, a 

consensus on “appropriate” opioid use for successful pain management remains a challenge 

in the context of cancer. Many patients struggle with outpatient self-management, with a 

resultant occasional over- or under- dosing of opioid analgesics, or use of opioids to manage 

psychological symptoms [31, 36]. Underutilization or insufficient dosing of analgesics may 

be related to fears of addiction/dependence and stigma related to the opioid epidemic, 

significant side effects (e.g., constipation), and/or lack of education on complex dosing 

instructions [4, 11]. Interestingly, only a quarter of patients in this cohort reported taking 

over-the-counter pain medications, and very few reported the use of cannabis. While opioids 

are the pharmacological mainstay for the management of moderate-to-severe cancer pain, 

evidence suggests that the use of opioids as a single modality may not be sufficient, and 
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that use of multimodal treatments that target various aspects of the experience of pain may 

improve cancer pain management [25, 43].

Having metastatic disease was associated with greater opioid administration, but not 

worse pain severity. Interestingly, the sole distinguishing factor of patients receiving new 

opioid prescriptions on discharge was metastatic disease, perhaps indicating practitioners’ 

willingness to prescribe opioids to patients at a more advanced stage, and a willingness to 

employ opioids for the indication of acute worsening pain from metastatic disease.

Another notable independent predictor of worse pain was more recent cancer-related 

surgery. During oncologic treatment, surgery, radiation, and chemotherapy treatment are 

aimed to eliminate or slow cancer progression, thus theoretically alleviating the source 

of cancer pain. At times, these treatments may exacerbate pain and result in acute pain 

worsening that is unresponsive to treatment [31]. While we did not observe a significant 

relationship between recent cancer treatment (within the last 6 weeks) and pain during 

hospitalization, more recent surgery remained a consistent predictor in the multivariable 

model. Persistent Post-Surgical Pain (PPSP) is a recognized cause of new chronic pain, with 

incidence of PPSP ranging up to 50%, [30] and may put patients at greater risk of chronic 

opioid use [10]. Managing acute postsurgical pain in patients with chronic pain (whether 

from cancer or another source) is challenging, as patients with a history of chronic pain may 

have a greater degree of central sensitization [44]. The fact that proximity to a more recent 

cancer surgery was associated with greater pain underscores this challenge, and emphasizes 

the importance of preventive perioperative analgesic management and postoperative pain 

management for patients with cancer. Multidisciplinary transitional pain services, including 

a diverse team of clinicians, who perform comprehensive pain evaluations and offer multi-

modal pain management approaches are becoming more common to help manage acute 

exacerbations of pain in ED or perioperative settings [23].

Psychological factors, which have been consistently associated with greater pain, may serve 

as rational targets for intervention [25, 41, 43]. From a clinical perspective, evaluating and 

openly discussing patients’ concerns about the underlying cause of their pain may decrease 

pain-related catastrophic thoughts. Pain education and brief meditation/relaxation exercises 

in the hospital may reduce pain-related anxiety [16]. The efficacy of a multimodal approach 

to pain treatment, including both pharmacologic and non-pharmacologic treatments for 

patients, is clear [8, 37]. Patient-centered, accessible psychological interventions have 

previously been shown to improve cancer pain [1, 19, 25, 43]. Development of personalized, 

culturally relevant, and accessible pain interventions [34], for example employing telehealth 

for rural populations, may allow a greater reach to patients who have traditionally had less 

access to palliative and specialized pain care [7, 33]. Increasing the education of clinicians 

about a variety of adjunctive therapies may improve accessibility of these resources as well 

[9].

Limitations

Despite the strengths of this prospective, observational design, several limitations warrant 

consideration. First, pain scores in the medical record may not reflect the entire pain 

experience, with some pain scores recorded both directly before and after receiving opioids, 
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or at intervals around shift change. However, the estimation of daily pain was relatively 

frequent (typically 7 times/day) and employed averaging across an entire inpatient day. The 

common practice of recording both before and after opioid administration, together with 

the relatively random assignment of nursing staff to patients, may in fact potentially guard 

against spurious extremes, allowing this pragmatic methodology to perhaps give a more 

balanced view of pain. The numerical pain scores that are typically used in clinical practice 

also do not capture patients’ pain-related distress or pain interference. Although somewhat 

cumbersome to employ on a daily basis in the context of a busy inpatient hospitalization, 

more comprehensive evaluation of pain-related distress and interference might be feasible 

intermittently and should be included in future prospective studies. Second, while relatively 

balanced by gender, our sample had a higher percentage of patients who were white and 

well-educated. Future studies need to recruit a more diverse sample to allow for greater 

generalizability [29]. Third, while patients self-reported outpatient opioid use, the exact 

dosage was not ascertained, which did not allow for an estimation of the degree of opioid 

tolerance. Lastly, patients in this study presented to the ED with significant pain, which may 

limit the generalizability of our findings to the outpatient or other contexts. Interestingly, 

rates of opioid use [3, 6] and previous chronic pain [27, 40] in our sample are similar to 

those previously reported in postoperative and outpatient oncology pain samples.

Conclusion

The prospective evaluation of a wide range of characteristics of individual cancer patients 

revealed significant independent associations of both psychological factors (catastrophizing 

and anxiety) and medical factors (recent surgery, previous opioid use and chronic pain) 

with greater daily pain severity and opioid administration during hospitalization. As pain 

continues to be a difficult-to-treat symptom in patients with cancer, our findings may help 

inform more comprehensive and personalized pain treatment.
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Figure 1. 
A. Daily average pain severity during hospitalization.

B. Daily average opioids administered (MMEs) during hospitalization.
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Figure 2. 
Risk factors of higher average daily pain severity and daily opioids administered during 

hospital admission.

Azizoddin et al. Page 13

Pain. Author manuscript; available in PMC 2024 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Azizoddin et al. Page 14

Table 1.

Patient Characteristics (n=111)

n (%)

Gender (female) 61 (54%)

Age, m (SD) 57.9 (13.9)

Race

 White 94 (85%)

 Black/African American 10 (9%)

 Asian 3 (3%)

 Don’t know 1 (0.9%)

Ethnicity

 Non-Hispanic/Latino 101 (91%)

 Hispanic/Latino 6 (5%)

Highest education level

 Some high school 3 (3%)

 High school diploma 22 (20%)

 Some college 33 (29%)

 College degree 23 (21%)

 Higher level degree 30 (27%)

Marital Status

 Married 68 (61%)

 Single 21 (19%)

 Divorced 15 (14%)

 Widowed 7 (6%)

Average Income per person in household

 0-15K 35 (31%)

 15-25K 22 (20%)

 25-40K 27 (24%)

 40-60K 5 (5%)

 60-75K 0 (0%)

 75-100K 3 (3%)

 >100K 4 (4%)

Insurance Type

 Private 55 (49%)

 Medicare 37 (31%)

 Medicaid 16 (17%)

 Other 3 (2%)

Cancer type

 Colorectal 23 (21%)

 Other cancer type 16 (15%)

 Ovarian 15 (13%)

 Lung 14 (12%)
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n (%)

 Pancreatic/ Liver 11 (10%)

 Breast 9 (8%)

 Prostate 6 (5%)

 Uterine/urinary 4 (4%)

 Head and Neck 3 (3%)

 Leukemia/Leukemia 7 (6%)

 Esophageal/gastric 2 (2%)

Cancer stage at diagnosis

 I 13 (12%)

 II 3 (3%)

 III 14 (12%)

 IV 72 (64%)

 N/A 11 (10%)

Metastatic disease 89 (80%)

Years since diagnosis

 ≤1 54 (48.6%)

 1-3 25 (23%)

 >3 29 (27%)

Any treatment history

 Chemotherapy 93 (83%)

 Immunotherapy 30 (27%)

 Radiation 46 (41%)

 Surgery 71 (64%)

Treatment last 6 weeks 78 (70%)

Surgery last 3 months 35 (32%)

Outpatient pain medication use (self-report)

 Opioids 75 (43%)

 Short-acting opioids 41 (36%)

 Long-acting opioids 24 (21%)

 OTC 45 (26%)

 Acetaminophen 35 (20%)

 Ibuprofen 19 (11%)

 Other RX pain meds 16 (9%)

 Cannabis 15 (9%)

Prescription(s) given at discharge

 Opioids (for those without previous use)

 Single opioid on discharge 19 (17%)

 Non-opioid pain medication 41 (36%)

 Acetaminophen 31 (28%)

 Gabapentin 8 (7%)

 Ibuprofen 1 (1%)

Pain on admission to ED
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n (%)

 Chronic pain prior to cancer diagnosis 31 (27%)

 Pain severity 5.4 ± 1.9

Psychological symptoms on admission to ED

 Depression PROMIS (T-score) 54.1 ± 9.7

 Anxiety PROMIS (T-score) 54.9 ± 10.9

 Sleep PROMIS (T-score) 57.0 ± 8.4

 Pain Catastrophizing 18.7 ± 12.5

 Perceived Stress Scale 6.9 ± 3.2
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Table 2.

Number of pain scores collected per day during hospitalization

Day inpatient N Mean Std. Deviation Median Minimum Maximum

0 102 3.6 2.6 3.0 1.0 9.0

1 109 7.3 3.7 7.0 1.0 17.0

2 92 7.5 3.8 7.0 1.0 15.0

3 76 7.8 3.8 7.0 1.0 13.0

4 62 6.2 2.2 7.0 1.0 8.0

5 47 6.6 1.8 8.0 2.0 8.0

6 40 6.2 2.2 7.0 1.0 8.0

7 33 6.2 2.1 8.0 3.0 8.0

8 28 6.3 1.7 7.0 2.0 8.0

9 26 5.9 2.2 6.5 1.0 8.0

10 21 5.8 2.3 6.0 2.0 8.0

11 17 6.0 2.5 8.0 1.0 8.0

12 14 6.3 1.7 6.5 4.0 8.0

13 13 6.2 1.9 7.0 3.0 8.0

14 11 6.3 1.9 6.0 3.0 8.0

15 10 6.8 1.8 8.0 4.0 8.0
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Table 3.

Univariable GEE analyses identifying risk factors of average daily pain severity and opioids administered 

(MMEs) in the hospital

Average pain per day while inpatient Total MME per day while inpatient

B (LCI, UCI)
Std. 

Error
Wald Chi-

square p B (LCI, UCI)
Std. 

Error
Wald Chi-

square p

Demographics

 Age −0.0 (−0.1, 0.0) 0.0 4.5 0.034 −0.6 (−1.2, 0.0) 0.3 4.0 0.046

 Male gender −0.2 (−1.0, 0.6) 0.4 0.2 0.651 −8.7 (−27.6, 
10.2) 9.6 0.8 0.367

 Caucasian −1.0 (−2.4, 0.5) 0.8 1.7 0.197 −30.9 (−87.6, 
25.8) 28.9 1.1 0.286

 College graduate −0.9 (−1.7, 
−0.1) 0.4 4.7 0.030 −26.2 (−44.7, 

−7.7) 9.4 7.7 0.006

 Currently smoke 0.6 (−0.5, 1.8) 0.6 1.2 0.275 0.1 (−23.1, 23.4) 11.9 0.0 0.991

 Average income −0.3 (−0.6, 
−0.1) 0.1 5.6 0.018 0.9 (−6.7, 8.5) 3.9 0.1 0.813

 Health literacy 0.6 (0.1, 1.2) 0.3 4.6 0.032 14.2 (−2.4, 30.9) 8.5 2.8 0.094

 Insurance type

  Medicare −0.2 (−1.2, 0.8) 0.5 0.1 0.707 −1.9 (−27.9, 
24.2) 13.3 0.0 0.888

  Medicaid 0.2 (−0.7, 1.1) 0.4 0.1 0.700 −1.0 (−20.3, 
18.2) 9.8 0.0 0.916

  Other −0.3 (−2.5, 1.8) 1.1 0.1 0.766 20.9 (−23.9, 
65.8) 22.9 0.8 0.360

Cancer and Surgical 
History

 Cancer treatment within 
the last 6 weeks −0.8 (−1.8, 0.2) 0.5 2.3 0.129 −26.9 (−56.4, 

2.6) 15.1 3.2 0.074

 Time since most recent 
cancer surgery

−0.3 (−0.4, 
−0.1) 0.1 8.6 0.003 −3.4 (−6.8, 0.0) 1.7 3.9 0.048

 Metastatic cancer 1.3 (0.5, 2.2) 0.4 9.6 0.002 26.9 (14.1, 39.6) 6.5 17.0 <.001

Psychological

 Depression 0.2 (0.1, 0.3) 0.0 18.7 <.001 2.3 (0.1, 4.5) 1.1 4.3 0.038

 Anxiety 0.2 (0.1, 0.3) 0.1 10.6 0.001 2.8 (0.3, 5.3) 1.3 4.7 0.030

 Sleep disturbance 0.1 (0.0, 0.2) 0.1 6.5 0.011 1.3 (−0.9, 3.6) 1.2 1.3 0.246

 Pain catastrophizing 0.1 (0.0, 0.1) 0.0 19.6 <.001 1.5 (0.1, 2.9) 0.7 4.3 0.039

 Perceived stress 0.2 (0.1, 0.3) 0.1 9.5 0.002 2.0 (−0.3, 4.3) 1.2 2.9 0.087

Pain

 Previous history of 
chronic pain before cancer 1.2 (0.4, 2.0) 0.4 9.4 0.002 9.7 (−9.2, 28.6) 9.6 1.0 0.314

 Outpatient opioid use 2.2 (1.4, 2.9) 0.4 34.1 <.001 43.3 (23.8, 62.7) 9.9 19.0 <.001

Length of stay 0.1 (−0.0, 0.1) 0.0 3.0 0.08 2.1 (−0.4, 4.7) 1.3 2.6 0.11

Note: Reference group = female, private insurance, stage I cancer, non-metastatic cancer, and no history of previous chronic pain before cancer. 
Measures: Higher scores indicated higher values of that symptom PROMIS depression, anxiety, and sleep disturbance; Pain Catastrophizing Scale, 
Perceived Stress Scale, higher scores for health literacy indicate lower health literacy.

Abbreviations: LCI, lower confidence interval (95%); UCI, upper confidence interval (95%); MME, morphine milligram equivalents.
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Table 4.

Multivariable GEE analyses identifying risk factors of average daily pain severity and opioids administered 

(MMEs) during hospitalization

Average daily pain Average daily opioids administered

B (LCI, UCI)
Std. 

Error
Wald Chi-

square p B (LCI, UCI)
Std. 

Error
Wald Chi-

square p

Demographics

 Age 0.0 (0.0, 0.0) 0.0 2.3 0.129 −0.4 (−1.0, 0.1) 0.3 2.2 0.138

 College graduate 0.0 (−0.7, 0.7) 0.4 0.0 0.947 −6.2 (−20.6, 8.1) 7.3 0.7 0.396

 Average income −0.1 (−0.2, 0.1) 0.1 0.6 0.430 -- -- -- --

 Health literacy 0.4 (0.0, 0.8) 0.2 3.5 0.060 10.8 (−3.1, 24.8) 7.1 2.3 0.128

Cancer and surgical 
history

 Time since most recent 
cancer surgery −0.2 (−0.3, 0.0) 0.1 5.8 0.016 −1.4 (−4.5, 1.7) 1.6 0.8 0.377

 Metastatic cancer 0.4 (−0.5, 1.4) 0.5 0.7 0.387 16.2 (0.9, 31.5) 7.8 4.3 0.038

Psychological

 Depression 0.0 (−0.2, 0.1) 0.1 0.2 0.617 −4.9 (−9.2, 
−0.5) 2.2 4.8 0.028

 Anxiety 0.0 (−0.1, 0.2) 0.1 0.1 0.769 3.7 (0.4, 7.0) 1.7 4.7 0.030

 Sleep disturbance 0.0 (−0.1, 0.1) 0.0 0.2 0.673 -- -- -- --

 Pain catastrophizing 0.1 (0.0, 0.1) 0.0 10.1 0.001 1.6 (0.0, 3.2) 0.8 3.9 0.049

 Perceived stress 0.0 (−0.1, 0.1) 0.1 0.0 0.911 −1.5 (−4.3, 1.3) 1.4 1.2 0.280

Pain

 Previous history of 
chronic pain before cancer 0.8 (0.1, 1.5) 0.4 5.2 0.022 -- -- -- --

 Outpatient opioid use 1.4 (0.6, 2.1) 0.4 13.3 <.001 32.8 (17.2, 48.3) 7.9 17.0 <.001

Note: Reference group = non-metastatic cancer, and no history of previous chronic pain before cancer. Measures: Higher scores indicated higher 
values of that symptom PROMIS depression, anxiety, and sleep disturbance; Pain Catastrophizing Scale, Perceived Stress Scale, higher scores for 
health literacy indicate worse literacy.

Abbreviations: LCI, lower confidence interval (95%); UCI, upper confidence interval (95%); MME, morphine milligram equivalents.
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