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ORIGINAL CLINICAL REPORT

Relationship Between Pain and Delirium in 
Critically Ill Adults
OBJECTIVES: Although opioids are frequently used to treat pain, and are an im-
portant risk for ICU delirium, the association between ICU pain itself and delirium 
remains unclear. We sought to evaluate the relationship between ICU pain and 
delirium.

DESIGN: Prospective cohort study.

SETTING: A 32-bed academic medical-surgical ICU.

PATIENTS: Critically ill adults (n = 4,064) admitted greater than or equal to 24 
hours without a condition hampering delirium assessment.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Daily mental status was classified 
as arousable without delirium, delirium, or unarousable. Pain was assessed six 
times daily in arousable patients using a 0–10 Numeric Rating Scale (NRS) or 
the Critical Care Pain Observation Tool (CPOT); daily peak pain score was cat-
egorized as no (NRS = 0/CPOT = 0), mild (NRS = 1–3/CPOT = 1–2), moderate 
(NRS = 4–6/CPOT = 3–4), or severe (NRS = 7–10/CPOT = 5–8) pain. To 
address missingness, a Multiple Imputation by Chained Equations approach that 
used available daily pain severity and 19 pain predictors was used to generate 25 
complete datasets. Using a first-order Markov model with a multinomial logistic 
regression analysis, that controlled for 11 baseline/daily delirium risk factors and 
considered the competing risks of unarousability and ICU discharge/death, the 
association between peak daily pain and next-day delirium in each complete data-
set was evaluated.

RESULTS: Among 14,013 ICU days (contributed by 4,064 adults), delirium 
occurred on 2,749 (19.6%). After pain severity imputation on 1,818 ICU days, 
mild, moderate, and severe pain were detected on 2,712 (34.1%), 1,682 (21.1%), 
and 894 (11.2%) of the no-delirium days, respectively, and 992 (36.1%), 513 
(18.6%), and 27 (10.1%) of delirium days (p = 0.01). The presence of any pain 
(mild, moderate, or severe) was not associated with a transition from awake 
without delirium to delirium (aOR 0.96; 95% CI, 0.76–1.21). This association 
was similar when days with only mild, moderate, or severe pain were considered. 
All results were stable after controlling for daily opioid dose.

CONCLUSIONS: After controlling for multiple delirium risk factors, including 
daily opioid use, pain may not be a risk factor for delirium in the ICU. Future pro-
spective research is required.

KEYWORDS: critical care; delirium; intensive care; Multiple Imputation by 
Chained Equations; opioid; pain

Delirium occurs in up to 50% of critically ill adults and may result in se-
rious ICU and post-ICU complications (1–3). A number of predispos-
ing (e.g., age) and precipitating (e.g., illness severity) factors affect ICU 

delirium risk (4, 5). In a prior analysis of 4,075 adults, we reported daily opioid 
exposure to be a strong risk factor for developing delirium on the next ICU 
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day (6). Although this analysis adjusted for maximum 
daily pain severity, it did not evaluate the independent 
relationship between level of daily ICU pain and next-
day delirium. Furthermore, pain scores were found to 
be missing on 13.4% of the ICU days where the patient 
was arousable (i.e., without coma) and could be evalu-
ated for pain.

Pain is highly individualized, can arise from differ-
ent sources, and lead to variable patient responses (7). 
Disorientation, hyperarousability, and reduced cogni-
tion are manifestations that may be observed with pain 
and also with delirium (5, 8). Although postsurgical 
pain has been reported to be associated with increased 
delirium in adults who are not critically ill (9, 10), the 
relationship between pain and delirium in the ICU 
has been poorly researched. Pain in the ICU is usu-
ally more complex to detect and manage than on the 
floor given patient communication is often impaired, 
mental status is frequently altered, and disease severity 
commonly fluctuates (5, 11, 12). With pain usually 
being modifiable, the relationship between pain and 
delirium in critically ill adults is important to evaluate.

After using a Multiple Imputation by Chained 
Equations (MICEs) approach to address all pain and 
other data missingness (13, 14), we evaluated the as-
sociation between ICU pain and next-day delirium 
occurrence, controlling for multiple baseline and daily 
ICU variables, including opioid use, that could affect 
this relationship.

MATERIALS AND METHODS

Study Population

Data for our study were prospectively collected by re-
search personnel for patients admitted greater than or 
equal to 24 hours to the 32-bed mixed medical-surgical 
ICU at the University Medical Center (UMC) Utrecht 
(Utrecht, NL) from August 2011 to June 2013 and from 
May 2015 to March 2019. Research personnel were not 
available to collect data from June 2013 to April 2015. 
This study cohort has previously been used to eval-
uate the risk of ICU delirium with opioids (6), benzo-
diazepines (15), and corticosteroids (16). Patients were 
excluded if they had an acute neurologic condition pre-
cluding delirium assessment, were transferred from an-
other ICU, or were managed with comfort care measures 
only. This research was approved by the UMC Utrecht 
Institutional Review Board (IRB) (number 010/056/c) 
on March 21, 2022. The need for informed consent was 
waived due to the retrospective nature of the research. 
All research procedures were conducted in accordance 
with the ethical standards of the Mass General Brigham 
IRB and the Helsinki Declaration of 1975 as most re-
cently amended. The reporting of this study adheres 
to the STrengthening and Reporting of OBservational 
studies in Epidemiology statement (Supplemental 
Table 1, http://links.lww.com/CCX/B278) (17).

Exposures, Outcomes, and Other Variables

Pain, the primary study exposure, was assessed and re-
corded six times daily by the bedside nurse with a 0–10 
Numeric Rating Scale (NRS) (18) if the patient was 
able to self-report (i.e., was wakeful) or the 0–8 Critical 
Care Pain Observation Tool (CPOT) if the patient was 
unable to self-report (5, 19). The highest daily pain 
score was categorized into four pain severity catego-
ries: no clinically significant pain (NRS = 0/CPOT = 0),  
mild pain (NRS = 1–3/CPOT = 1–2), moderate pain 
(NRS = 4–6/CPOT = 3–4), and severe pain (NRS = 
7–10/CPOT = 5–8) (5, 20, 21). If a patient had both 
NRS and CPOT score results available on the same day, 
pain severity was based on the highest daily NRS score 
given patient’s self-report is the primary reference 
standard for pain measurement (22).

Patient wakefulness was evaluated using the 
Richmond Agitation and Sedation Scale (RASS) 
every 3 hours by bedside nurses, with a RASS less 
than or equal to –4 denoting an unarousable state 

 
KEY POINTS

Question: Although opioids are frequently used 
to treat pain and are an important risk for ICU de-
lirium, the association between ICU pain and de-
lirium remains unclear. We sought to evaluate the 
relationship between ICU pain and delirium.

Findings: The presence of any pain (mild, mod-
erate, or severe) was not associated with a daily 
transition from being awake without delirium to de-
lirium. This result was stable after controlling for 
daily opioid exposure.

Meaning: After carefully accounting for data miss-
ingness, and rigorously accounting for multiple 
baseline and daily variables known to increase de-
lirium, pain does not appear to be a risk factor for 
delirium in this cohort of critically ill adults.
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(23). Delirium was assessed by the bedside nurses 
at least twice daily using the Confusion Assessment 
Method for the ICU (CAM-ICU) (24). Because 
a positive CAM-ICU is highly predictive for de-
lirium (25), patients were classified as delirious on 
the day when greater than or equal to 1 CAM-ICU 
was positive. Individuals without delirium were 
then classified based on whether their RASS assess-
ment qualified them as unarousable. The trained re-
searcher assessed the mental status daily by reviewing 
all documented CAM-ICU scores and any delirium 
treatment that was initiated based on a previously 
validated algorithm (26). Mental status on each ICU 
day t was classified as: 1) awake without delirium, 2) 
delirium, or 3) an unarousable state. Mental status 
on each ICU day t + 1 (i.e., the next ICU day) was 
categorized as: 1) awake without delirium, 2) de-
lirium, 3) an unarousable state, or 4) ICU discharge/
death. In an effort to focus on the acute phase of 
critical illness (noting < 1% of patients [n = 22] first 
transitioned from awake without delirium to de-
lirium after day 7), only data from the first seven 
ICU days were included.

Demographics, the presence of comorbidities, 
ICU admission characteristics (type of admission 
and admission diagnosis), daily physiologic measure-
ments, and vital signs were prospectively collected by 
trained physicians (6). Daily severity of illness was 
assessed using the modified Sequential Organ Failure 
Assessment (mSOFA); the neurologic component was 
excluded to avoid adjusting for a component of the pri-
mary outcome (27). Agitation was defined as a RASS 
greater than or equal to +2 (5, 23). Medication data 
on opioid, benzodiazepine, clonidine, and gabapentin 
use were retrieved (28). All administered opioids were 
converted into IV milligrams of morphine-equivalent 
(MEQ) doses (Supplemental Table 2, http://links.lww.
com/CCX/B278) (29–31). High opioid use at the time 
of ICU admission was defined as day 1 ICU opioid ex-
posure greater than or equal to 25 IVMEQ, the median 
ICU daily value.

Multiple Imputation by Chained Equation 
Approach

We assumed ICU pain data missingness was related 
to observed, not unobserved values, and based on 
Strengthening Analytical Thinking For Observational 

Studies recommendations, chose MICE, rather than 
complete-case analysis or simple imputation, as the 
most appropriate approach to address this missing-
ness (32). Through literature review and investigator 
consensus (5, 6, 12), we identified 14 reported predic-
tors for pain: 1) baseline (admission): admission type, 
trauma admission, diagnosis of sepsis, and high opioid 
use, 2) ICU day t (each ICU day): mSOFA score, in-
vasive mechanical ventilation use, agitation, opioid, 
clonidine, or gabapentin use, and 3) ICU day t – 1 (1 
day before each ICU day): maximum daily pain se-
verity, NRS (patient self-report) use only, CPOT (be-
havioral assessment by nurses only) use only, and 
presence of an unarousable state. These 14 predictors 
were combined with the remaining five baseline de-
lirium risk variables from the prior Markov opioid 
delirium-risk model article (i.e., age, gender, Acute 
Physiology and Chronic Health Evaluation [APACHE] 
IV (33), Charlson Comorbidity Index (CCI) (34), and 
body mass index) (6) and imputed when daily pain 
severity was missing on any of the first seven com-
plete ICU days (Supplemental Table 3, http://links.
lww.com/CCX/B278). We excluded days spent in an 
unarousable state on day t for the purpose of impu-
tation (but not for the Markov modeling) because no 
valid pain assessment methods exist for the unarous-
able patient. On these days we discarded the imputed 
values and kept the original observed values. Besides 
pain, missingness in any of the 19 predictors was also 
replaced with an imputed value. For variables with 
missingness on ICU day 1, both baseline and day t pre-
dictors were used.

The APACHE IV score and CCI were missing for 
8.8% and 13.0% of patients, respectively. Pain severity 
was missing on 13.4% of unarousable (RASS ≥ –3) 
days. No other variable was missing for greater than 
1% of ICU days. We then generated 25 imputed (i.e., 
“completed”) datasets using open-source R packages 
for MICE (35). Within the MICE procedure, logistic 
regression was used to impute binary variables, pro-
portional odds model to impute ordinal variables, and 
predictive mean matching to impute continuous vari-
ables. The MICE algorithm involved multiple iterative 
series of imputing missing values with random draws 
from those subjects with observed values (13). We vis-
ually checked for convergence by plotting the mean 
and sd of the imputed values and found convergence 
was achieved. We studied the distribution of imputed 
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versus observed data for each prediction and observed 
the distributions to be similar, thus indicating our im-
putation models fit the dataset well.

Markov Model With Multinomial Logistic 
Regression Analysis

To assess the association between day t pain severity 
and (next-day) mental status on day t + 1 for ICU days 
1–7, a first-order Markov model with multinomial lo-
gistic regression analysis that controlled for each of 
the four possible next-day outcomes (awake without 
delirium, delirium, unarousable, and ICU discharge/
death) and the same 11 covariables that could influence 
delirium occurrence used in the 2021 analysis (6, 32) 
(baseline: ICU admission type, age, gender, APACHE 
IV score (34), CCI (34) and body mass index; ICU day 
t: ICU day, mSOFA score (27), mechanical ventilator 
use, benzodiazepine use, and opioid use). Although 
the daily transition from being awake without de-
lirium on day t to next-day delirium on day t + 1 was 
our main outcome of interest we also incorporated 
other daily mental status transitions within the statis-
tical models (Supplemental Fig. 1, http://links.lww.
com/CCX/B278). The daily “transition” from awake 
without delirium to awake without delirium (i.e., re-
maining awake without delirium) served as the refer-
ence standard.

Our primary pain-delirium analysis used the pres-
ence of any pain (i.e., mild, moderate, or severe) versus 
no pain on day t. Secondary analyses included the 
presence of either moderate or severe pain versus no or 
mild pain, severe pain only versus no/mild/moderate 
pain, severe pain only versus no pain, moderate pain 
only versus no pain, and mild pain only versus no pain. 
The exposure of each combined or individual pain se-
verity measure in the primary or secondary analyses 
was modeled using an interaction term of pain pres-
ence (yes/no) on day t and mental status on day t. In 
the Markov models on arousable days missing pain 
severity was replaced with the imputed value and on 
unarousable days missing pain severity was deemed to 
be a no pain day (given the patient on this ICU day was 
excluded from MICE).

The outcomes of discharge alive from the ICU and 
death were combined into one category in the Markov 
model, given these represented few of the total daily 
transitions and neither was the outcome of interest (15, 

32). Each Markov model was run for each of the 25 
datasets generated from the MICE approach (36). The 
final results were obtained by pooling the estimates 
across the 25 datasets to obtain a single-point esti-
mate for each variable using Rubin’s rule (37). For each 
of the six pain severity analyses, we performed three 
models for each pain severity level (i.e., inclusion of 
opioid use [yes or no], inclusion of opioid dose [by 10 
IVMEQ], and exclusion of opioid use or dose). These 
pain severity models were run for both the inclusion 
and exclusion of opioids given patients in the ICU may 
receive opioids for nonpain reasons (e.g., sedation or 
to reduce respiratory drive).

We conducted three sensitivity analyses. Given 
complete-case analysis is frequently used to elimi-
nate data missingness, we compared our results using 
complete-case analysis (vs. imputation using MICE). 
Given pain severity cannot be directly compared be-
tween NRS and CPOT-derived assessments (38) and 
therefore pain severity may be different based on the 
assessment instrument used, using the complete-case 
analysis cohort, we compared our results between 
ICU days where NRS (vs. CPOT) were used. Given 
that ICU practices focused on delirium recognition, 
prevention, and treatment may have incrementally 
changed over the 9-year study period, the cohort was 
divided into 3-year epochs to evaluate the stability of 
lack of a pain-delirium association we report over time 
(5, 39). A p value of less than 0.05 was deemed sig-
nificant for all analyses. All analyses were performed 
using R, Version 4.0.3 (R Foundation for Statistical 
Computing, 2020).

RESULTS

Study Cohort Characteristics

A total of 4,064 patients were included after patients 
with an acute neurologic condition (n = 1,619), who 
were transferred from an outside ICU (n = 325), had 
no delirium assessment during their entire ICU stay 
(n = 270), or were receiving comfort care measures 
only (n = 11) were excluded (Fig. 1). Data miss-
ingness before-and-after MICE use is described in 
Supplemental Table 4 (http://links.lww.com/CCX/
B278). After MICE, most of the patients (n = 2,582; 
63.5%) were male with a median (interquartile 
range [IQR]) age of 64 (53–72), a median APACHE 
IV of 55 (IQR 40–76), and a median maximum 
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ICU mSOFA score of 6 (IQR 4–9) (Table 1). Most 
patients (91.2%) were invasively mechanically ven-
tilated. Across all ICU days, 60.1% experienced pain 
(based on either NRS or CPOT assessments), and 
83.3% received an opioid for a median of 2 days 
(IQR 1–4). The proportion of cohort patients with 
pain and each level of pain severity was not different 
after MICE use (Supplemental Table 5, http://links.
lww.com/CCX/B278).

Markov Modeling and Multinomial Regression 
Analyses

On the 14,013 ICU patient-days contributed by 4,064 
patients (Fig. 1), delirium occurred in 1,250 (30.8%) 
of patients (Table  1) on 2,749 (19.6%) of their ICU 
days (Table 2). Patients with ICU delirium had higher 
APACHE IV (median [IQR], 68 [52–85] vs. 50 [36–
69]) and mSOFA (8 [7–11] vs. 6 [4–8]) scores and 
spent more days mechanically ventilated (95.9% vs. 
90.1%) or receiving benzodiazepine (66.6% vs. 40.8%) 
or opioid (87.4% vs. 81.4%) therapy. Although the 
overall presence of pain was similar between the de-
lirium and no-delirium groups, the days spent at each 
pain severity category were different. On days with 
delirium (vs. no delirium) when pain was detected, 

the occurrence of mild pain was greater (992 [36.1%] 
vs. 2,712 [34.1%], p < 0.01), moderate pain less (513 
[18.6%] vs. 1,682 [21.1%], p = 0.02) and severe pain 
was similar (277 [10.1%] vs. 894 [11.2%], p = 0.18) 
(Table 2).

Among the 7,961 ICU days patients were awake 
without delirium, 597 (7.5%) next-day transitions to 
delirium occurred. Any pain (either mild, moderate, 
or severe) versus no pain was found not to be asso-
ciated with a transition from awake without delirium 
to delirium (adjusted odds ratio [aOR] 0.96; 95% CI, 
0.76–1.21) (Table 3). Results were similar when days 
with only moderate or severe pain (aOR 0.91; 95% CI, 
0.71–1.15), severe pain (aOR 0.94; 95% CI, 0.63–1.41), 
moderate pain (aOR 0.90; 95% CI, 0.66–1.24), or mild 
pain (aOR 1.00; 95% CI, 0.77–1.28) were separately 
evaluated. All results remained stable when either the 
daily opioid dose was controlled for or the covariate 
for opioid use was removed (Table 3). Our results re-
main unaffected by use of complete-case analysis (vs. 
MICE) (Supplemental Table 6, http://links.lww.com/
CCX/B278), evaluation of pain using the NRS (vs. 
CPOT)(Supplemental Table 7, http://links.lww.com/
CCX/B278) or by the 3-year study epoch patients were 
admitted to the ICU (Supplemental Table 8, http://
links.lww.com/CCX/B278).

Figure 1. Flowchart of the study cohort.
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DISCUSSION

After employing a rigorous MICE approach to 
address data missingness, we found that exposure 
to any degree (severity) of pain may not be associ-
ated with a transition to delirium on the following 
day in awake nondelirious ICU patients in our co-
hort. Importantly, daily ICU opioid exposure did 
not change this association. Additionally, the pain-
delirium association we report remained stable when 
complete-case analysis (vs. MICE) was used, pain 
was assessed with the NRS (vs. CPOT), and over 
the entire study period. Despite the methodological 

rigor of our time-dependent, multinomial analysis, 
our study should be considered exploratory in nature 
given it evaluated patients from only one center and 
the complex relationship between pain and delirium 
in critically ill adults. The results of our investigation 
need to be confirmed by additional multisite, pro-
spective research.

Although we did not establish an epidemiologic 
association between pain and delirium in our anal-
ysis, future research is required to explore the poten-
tial mechanistic pathways between pain and delirium. 
When peripheral nociceptors are activated by nox-
ious stimuli, pain signals are transmitted to the brain 

TABLE 1.
Characteristics of the Study Population During ICU Days 1–7 Based on Delirium 
Occurrence After Multiple Imputation by Chained Equations Use

 
Total  

(n = 4,064) 
Delirium Ever  

(n = 1,250) 
Delirium Never 

(n = 2,814) 

Baseline characteristics

  Age, median (IQR), yr 64 (53–72) 65 (55–74) 63 (51–71)

  Sex, male, n (%) 2,582 (63.5) 832 (66.6) 1,750 (62.2)

  Charlson Comorbidity Scale Score, median (IQR) 1 (0–2) 1 (0–2) 1 (0–2)

  Body mass index, median (IQR) 25.7 (22.9–29.1) 25.5 (22.9–28.7) 25.7 (22.8–29.3)

  Admission type, n (%)    

   Medical 1,531 (37.7) 581 (46.5) 950 (33.8)

   Elective surgery 1,744 (42.9) 360 (28.8) 1,384 (49.2)

   Acute surgery 789 (19.4) 309 (24.7) 480 (17.1)

  Acute Physiology and Chronic Health Evaluation IV 
score, median (IQR)

55 (40–76) 68 (52–85) 50 (36–69)

Daily ICU characteristics

  Days of no pain, median (IQR) 1 (1–3) 2 (1–3) 1 (1–2)

  Presence of any pain, n (%) 2,444 (60.1) 744 (59.5) 1,699 (60.4)

  Days of mild pain, median (IQR) 1.0 (1.0–2.0) 2.0 (1.0–3.0) 1.0 (1.0–2.0)

  Days of moderate pain, median (IQR) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)

  Days of severe pain, median (IQR) 1.0 (1.0–1.0) 1 (1–1.6) 1.0 (1.0–1.0)

  Maximum modified Sequential Organ Failure 
Assessment score, median (IQR)

6 (4-9) 8 (7–11) 6 (4–8)

  Use of invasive mechanical ventilation, n (%) 3,734 (91.2) 1,199 (95.9) 2,535 (90.1)

  Days of invasive mechanical ventilation, median (IQR) 2 (1–5) 5 (2–7) 2 (1–3)

  Benzodiazepine use, n (%) 1982 (48.8) 833 (66.6) 1149 (40.8)

  Days of benzodiazepine use, median (IQR) 2(1–3) 2 (1–4) 1 (1–2)

  Opioid use, n (%) 3,384 (83.3) 1,092 (87.4) 2,292 (81.4)

  Days of opioid use, median (IQR) 2 (1–4) 4 (2–6) 1 (1–3)

IQR = interquartile range.
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through neural circuits (40). Glutamate and norepi-
nephrine, the primary neurotransmitters active during 
this process, have been shown to be associated with 
delirium (41). Furthermore, cortisol levels are elevated 
with both pain (given its role as a physiologic stressor) 
(42) and delirium (43). In cardiac surgery patients, the 
effect of cortisol on the hippocampus causes inatten-
tion and reduces cognition, two of the key symptoms 
associated with delirium (44). Acute pain is associated 
with reduced orientation and awareness; it remains 
unclear if this increases inattention (45). Pain-induced 
disrupted sleep increases delirium risk. Future re-
search evaluating the relationship between pain and 
delirium in the ICU should consider these mechanistic 
pathways.

Importantly, even though our exploratory study 
suggests that a link between pain and delirium in crit-
ically ill adults may not exist, ICU clinicians should 
rigorously evaluate their patients for pain using valid 
assessment methods according to their capacity to 
communicate and treat it using guideline-driven, mul-
timodal approaches when present (5, 46). In addition, 
all ICU patients should be regularly assessed for de-
lirium; if delirium is present, modifiable delirium risk 

factors should be removed and evidence-based treat-
ment practices should be administered (5).

Our results raise interesting questions as to why an 
association between pain and delirium has been found 
in investigations in perioperative and other non-ICU 
populations but not in critically ill adults (7, 8, 47–50). 
Unlike our analysis, many of these non-ICU studies 
failed to use time-dependent methods to confirm that 
pain occurred before delirium and did not account 
for the use of analgesics known to increase delirium 
(e.g., opioids). There may also be distinct factors in the 
ICU setting that affect the relationship between pain 
and delirium including a greater severity of illness, 
increased analgesic or sedative exposure, and a level of 
pain that frequently fluctuates (5, 6).

A secondary goal of our article is to encourage 
ICU researchers to carefully address and report data 
missingness, and if present, use rigorous methods like 
MICE to address it (50). Other approaches such as 
reducing datasets using a complete-case approach or 
simple imputation may result in biased estimates (13, 
26, 51, 52). However, like all methods for missing data 
imputation, caution with MICE use must be exercised; 
missingness patterns must still meet missing at random 

TABLE 2.
Comparison of Individual ICU Days 1–7 Characteristics Between Each Mental State After 
Multiple Imputation by Chained Equations Use

    Mental Status Day t

Characteristics on Day t
All ICU Patient-

Days (n = 14,013)
Awake Without 

Delirium (n = 7,961) 
Delirium  

(n = 2,749) 
Unarousable 

Statea (n = 3,303) 

No pain, n (%) 4,747 (33.9) 2,673 (33.6) 967 (35.2) 1,107 (33.5)

Mild pain, n (%) 4,146 (29.6) 2,712 (34.1) 992 (36.1) 442 (13.4)

Moderate pain, n (%) 2,328 (16.6) 1,682 (21.1) 513 (18.6) 133 (4.0)

Severe pain, n (%) 1,211 (8.6) 894 (11.2) 277 (10.1) 40 (1.2)

Modified Sequential Organ Failure 
Assessment, median (IQR)

6 (4–8) 5 (3–7) 6 (4–9) 8 (6–11)

Use of invasive mechanical  
ventilation, n (%)

11,549 (82.4) 6,075 (76.3) 2,302 (83.7) 3,172 (96.0)

Use of a benzodiazepine, n (%) 4,666 (33.3) 1,968 (24.7) 908 (33.0) 1,790 (54.2)

Use of any opioid, n (%) 9,482 (67.7) 4,892 (61.4) 1,808 (65.8) 2,782 (84.2)

Opioid dose (if any) in morphine-
equivalent, median (IQR)

24.0 (7.5–57.9) 14.7 (5.6–42.0) 24.7 (7.5–59.9) 43.4 (22.5–191.5)

IQR = interquartile range.
aAfter Multiple Imputation by Chained Equations was performed, missing pain severity remained in 1,581 of 3,303 days (47.9%) where 
patient was unarousable.
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(MAR) assumptions (i.e., missingness only deduced by 
observed values) (13, 14). In our cohort, we are confi-
dent a MAR assumption could be made given opioids 
are commonly used to treat or prevent pain in the ICU, 
and thus on days when patients were not receiving opi-
oids they were less likely to have pain and pain would 
be less frequently recorded (i.e., greater missingness).

Our study has important strengths. We carefully 
addressed missing values and reasonably excluded 
imputed values for pain severity on days when patients 
were unarousable. In addition to its large sample 
size, patients were evaluated at least twice daily for 
delirium based on a validated assessment protocol, 
the model accounted for transitions to an unarous-
able state and to death/ICU discharge, and of the 11 

model covariables considered, 5 were time-varying, 
which allowed us to consider daily changes in key 
confounding factors that could affect pain-delirium 
risk. We evaluated different daily pain severities and 
evaluated the effect of daily opioid exposure on our 
results.

Our study also has potential limitations. Although 
a validated method to assess pain in unarousable 
patients does not exist, the exclusion of patients on 
the ICU days they were unarousable from the impu-
tation and the absence of pain in the Markov model 
on unarousable days may have affected our results. 
The CPOT score ranges we used for different levels of 
pain were proposed by one research team but never 
validated (30). Although we considered 14 predictors 

TABLE 3.
Pain Severity as a Risk Factor for the Transition to Delirium After Multiple Imputation by 
Chained Equations Use

Mental Status

Pain 
Controlling for Opioid 

Exposure and Dose 
Adjusted ORa,b (95% 

CI), n = 14,013 Day t Day t + 1 

Awake without 
delirium

Awake without 
delirium

No Reference Reference

Awake without 
delirium

Delirium Mild/moderate/severe 
pain (vs. no pain)

No 1.00 (0.80–1.26)

Yes 0.96 (0.76–1.21)

10 mg MEQ 1.00 (0.80–1.26)

Awake without 
delirium

Delirium Moderate/severe pain 
(vs. no/mild pain)

No 0.95 (0.75–1.21)

Yes 0.91 (0.71–1.15)

10 mg MEQ 0.95 (0.75–1.21)

Awake without 
delirium

Delirium Severe pain (vs. no/
mild/moderate pain)

No 1.00 (0.69–1.44)

Yes 0.95 (0.66–1.38)

10 mg MEQ 0.99 (0.69–1.44)

Awake without 
delirium

Delirium Severe pain (vs. no 
pain)

No 1.02 (0.69–1.52)

Yes 0.94 (0.63–1.41)

10 mg MEQ 1.02 (0.68–1.52)

Awake without 
delirium

Delirium Moderate pain (vs. no 
pain)

No 0.95 (0.70–1.30)

Yes 0.90 (0.66–1.24)

10 mg MEQ 0.94 (0.69–1.30)

Awake without 
delirium

Delirium Mild pain (vs. no pain) No 1.02 (0.80–1.32)

Yes 1.00 (0.77–1.28)

10 mg MEQ 1.02 (0.80–1.32)

MEQ = morphine equivalent, OR = odds ratio.
aAdjusted for time-fixed covariables, including admission category (medical, surgical, and trauma), age, sex, Acute Physiology and 
Chronic Health Evaluation IV score, body mass index, and Charlson Comorbidity Index.
bAdjusted for time-varying covariables on day t, including day of ICU admission, modified Sequential Organ Failure Assessment score 
(without neurologic component), use of invasive mechanical ventilation, use of a benzodiazepine, and use of an opioid.
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for pain in our MICE approach, other predictors for 
pain may be important. Although we evaluated the 
association between different maximum daily pain 
severity levels and delirium, we were not able to con-
sider pain that may have rapidly changed over the 
course of a single ICU day or the degree of pain doc-
umented in the immediate period before delirium 
was positively assessed. Patient data were derived 
from one center; our results may be different at other 
hospitals. As with all observational studies, there 
might have been residual confounding. The majority 
of patients were surgical, the association between 
pain and delirium may be different in medical and 
trauma patients. We did not consider the potential 
causes for pain, the presence of symptoms associated 
with either pain or delirium, whether treatments for 
delirium were administered, or the presence of dis-
rupted sleep. The very small number of patients who 
spent two consecutive days with severe pain while 
awake and without delirium and the limitations of 
averaging pain scores precluded us from evaluating 
the association between pain duration and delirium 
occurrence. Prospective evaluation of how long pain 
needs to be present before it potentially becomes a 
risk factor for delirium is an important area for fu-
ture research.

CONCLUSIONS

After carefully accounting for data missingness, and 
rigorously accounting for multiple baseline and daily 
variables known to increase delirium, pain does not 
appear to be a risk factor for delirium in our cohort 
of critically ill adults. The results of our investigation 
should be confirmed by additional prospective multi-
site research.
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