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ABSTRACT
Background: Opioids are known to induce delirium, and the incidence 
of delirium induced by individual opioids has been investigated. However, 
only a limited number of studies have examined the incidence of delirium 
induced by oral hydromorphone. 

Objective: To investigate whether differences exist in the incidence of 
delirium associated with oral morphine and oral hydromorphone during 
the initiation phase of treatment.

Methods: The participants were opioid-naive inpatients with cancer 
who started oral morphine or oral hydromorphone at Shizuoka Cancer 
Center (in Shizuoka, Japan) between June 2017 and November 2020. 
The incidence of delirium in the first week of opioid use was compared 
between the 2 groups.

Results: A total of 90 patients met the inclusion criteria, 27 who 
received oral hydromorphone and 63 who received oral morphine. The 
incidence rate of delirium in the oral hydromorphone group tended to 
be higher (19%, 5/27) than in the oral morphine group (8%, 5/63), 
although the difference was not statistically significant (odds ratio 
0.4, 95% confidence interval, 0.1–1.4, p = 0.16 by the Fisher exact 
test). Propensity score matching was used to control for differences in 
patient background as confounders in the development of delirium, 
following which the incidence rate of delirium remained higher, but not 
significantly so, in the oral hydromorphone group (11%, 2/19) than in 
the oral morphine group (5%, 1/19) (odds ratio 0.5, 95% confidence 
interval 0.04–5.7, p > 0.99 by the Fisher exact test).

Conclusions: There was no statistically significant difference in the 
incidence of delirium between those who received morphine and those 
who received hydromorphone, which suggests that for opioid-naive 
inpatients with cancer, oral hydromorphone can be used in a manner 
similar to that for oral morphine. 

Keywords: delirium, oral opioids, morphine, hydromorphone

RÉSUMÉ
Contexte : Les opioïdes sont connus pour induire un délire, et l’incidence 
du délire induit par des opioïdes individuels a fait l’objet d’études. 
Cependant, seul un nombre limité de celles-ci s’est penché sur l’incidence 
du délire induit par l’hydromorphone orale.

Objectif : Étudier s’il existe des différences dans l’incidence du délire 
associé à la morphine orale et à l’hydromorphone orale pendant la phase 
d’initiation du traitement.

Méthodologie : La population à l’étude se composait de patients 
hospitalisés naïfs aux opioïdes atteints de cancer; ils ont commencé à 
prendre de la morphine orale ou de l’hydromorphone orale au Shizuoka 
Cancer Center (à Shizuoka, au Japon) entre juin 2017 et novembre 2020. 
L’incidence du délire au cours de la première semaine de consommation 
d’opioïdes a été comparée entre les 2 groupes.

Résultats : Au total, 90 patients répondaient aux critères d’inclusion : 
27 avaient reçu de l’hydromorphone et 63 de la morphine. Le taux 
d’incidence du délire dans le groupe « hydromorphone orale » avait 
tendance à être plus élevé (19 %, 5/27) que dans le groupe « morphine 
orale » (8 %, 5/63), bien que la différence ne soit pas statistiquement 
significative (rapport de cotes [RC] 0,4, intervalle de confiance [IC] à 95 %, 
0,1-1,4, p = 0,16 par le test exact de Fisher). L’appariement par score de 
propension a été utilisé pour contrôler les différences dans les antécédents 
des patients comme facteurs de confusion dans le développement du 
délire, après quoi le taux d’incidence du délire est resté plus élevé, mais pas 
de manière significative, dans le groupe « hydromorphone orale » (11 %, 
2/19) que dans le groupe « morphine orale » (5 %, 1/19) (RC 0,5, IC à 
95 % 0,04-5,7, p > 0,99 par le test exact de Fisher). 

Conclusions : Aucune différence statistiquement significative dans 
l’incidence du délire entre les personnes ayant reçu de la morphine 
et celles ayant reçu de l’hydromorphone n’a été observée. Cela laisse 
supposer que pour les patients hospitalisés naïfs aux opioïdes atteints de 
cancer, l’hydromorphone orale peut être utilisée d’une manière similaire à 
l’utilisation de la morphine orale.

Mots-clés : délire, opioïdes oraux, morphine, hydromorphone
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INTRODUCTION

Delirium is a major problem in palliative care,1 and its 
prevention and care are of great importance. Factors asso-
ciated with the development of delirium include old age, 
smoking, alcohol use, comorbidities such as dementia, and 
medications.2 Drug-induced delirium can be prevented by 
selecting drugs with the lowest possible risk. Various drugs 
can induce delirium, including opioids, benzodiazepines, 
steroids, H2 receptor antagonists, anticonvulsants, anti-
histamines, and anticholinergics. Opioids constitute one of 
the most common groups of medications associated with 
delirium.1 Between 2012 and 2014, we investigated the inci-
dence of delirium induced by opioids given by injection in 
opioid-naive patients with cancer pain and found that the 
incidence was significantly lower with fentanyl citrate than 
with morphine hydrochloride.3 More recently, we investi-
gated the incidence of delirium induced by extended-release 
opioids given orally and found no significant differences 
among morphine sulfate, oxycodone hydrochloride, and 
tapentadol hydrochloride.4

In Japan, hydromorphone first became available for 
oral administration in 2017. It is available in a 24-hour 
extended-release formulation that can be administered 
once daily, putting minimal burden on patients. If admin-
istered according to an appropriate conversion ratio, mor-
phine and hydromorphone have comparable analgesic 
effects.5-7 Given the similarities in structure and affinity 
for µ, δ, and κ receptors between hydromorphone and mor-
phine,8-10 the incidence of delirium is not expected to differ 
markedly between them. 

In a North American clinical study, hydromorphone 
was reported to have a lower risk of delirium than several 
other opioids (including morphine).11 That study focused 
on postoperative delirium in patients who underwent total 
joint arthroplasty, but it is also necessary to investigate the 
risk of delirium in patients with cancer, who are likely to 
use opioids, and in non-postoperative patients. The inci-
dence of delirium associated with hydromorphone has not 
been fully studied because it has been on the market for 
only a short time, particularly in Japan. It is important to 
compare clinical data on the incidence of delirium between 
hydromorphone and other opioids to verify whether the 
results fit with those expected from basic science. 

Here, we compared the incidence of delirium induced 
by oral morphine and by oral hydromorphone in opioid-​
naive patients with cancer.

METHODS

The participants in this retrospective study were opioid-​
naive inpatients with cancer who started oral morphine 
or oral hydromorphone for relief of pain or respiratory 
distress at Shizuoka Cancer Center from June 2017 to 

November 2020. Opioid naivety was defined as having 
never received prescribed opioids at Shizuoka Cancer Cen-
ter or any other medical institution, based on the patient’s 
drug history in the electronic medical record. The inci-
dence of delirium in the first week of opioid treatment 
was assessed with the Intensive Care Delirium Screening 
Checklist (ICDSC).12 Two of the researchers (H.T. and 
R.T.) retrospectively extracted the ICDSC scores entered 
in patients’ electronic health records by treating doctors, 
nurses, or pharmacists. Patients with an ICDSC score of 
3 or below at the time of opioid initiation were included 
in the study, and the occurrence of delirium was defined 
as an ICDSC score of at least 4. As such, patients with an 
ICDSC score of 4 or higher at the time of opioid initiation 
were excluded. If there were no ICDSC scores in the med-
ical record, the score was deemed to be 0. Postoperative 
patients and patients with infections were also excluded, 
to eliminate potential effects of surgery and infection on 
delirium. The definition of infection included both active 
infection at the time of opioid initiation and the develop-
ment of infection at any point during opioid therapy. 

The following patient characteristics, which may be 
confounders in the development of delirium, were retro-
spectively extracted from the medication history, med-
ical history, and blood test data in the most up-to-date 
electronic medical records documented before any opi-
oid administration: morphine equivalent dose (where the 
morphine–​hydromorphone ratio is 5:1)5-7; age; sex; baseline 
performance status (PS); presence or absence of primary 
brain tumour or brain metastases, central nervous system 
disease, dementia, past alcohol use, renal failure, or hepatic 
failure; and cancer type. Renal failure was defined as an 
increase in serum creatinine of grade 1 or greater, and hepatic 
failure as an increase in blood aspartate aminotransferase 
or alanine aminotransferase of grade 1 or greater, according 
to the Common Terminology Criteria for Adverse Events, 
version 5.0 (https://ctep.cancer.gov/protocoldevelopment/
electronic_applications/ctc.htm#ctc_50). Also investigated 
was each patient’s concomitant use, within 1  week before 
and 1 week after starting opioid therapy, of the following 
drugs that may be associated with the occurrence of delir-
ium: benzodiazepines, anticholinergics, antidopaminer-
gics, antihistamines, H2 receptor antagonists, and steroids. 
The attending physician selected which opioid to use based 
on consideration of the patient’s particular situation. 

Propensity score matching was performed to control 
for differences between the groups in terms of confounders 
in the development of delirium (p < 0.05). In this report, 
Analysis 1 refers to the full analysis of data before propen-
sity score matching, and Analysis 2 refers to the analysis 
after adjustment for patient characteristics by propensity 
score matching.13 The incidence of delirium was compared 
between the 2 drug groups with the Fisher exact test. Patient 
characteristics, excluding cancer type, and concomitant use 

https://doi.org/10.4212/cjhp.3515
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_50


3Canadian Journal of Hospital Pharmacy | Journal canadien de la pharmacie hospitalière  •  2025;78(1):e3515  •  https://doi.org/10.4212/cjhp.3515

of drugs associated with the occurrence of delirium were 
also compared between the groups using the Fisher exact 
test. The cut-off for age as a confounder was set at 65 years, 
based on the definition of “elderly” used by several organ-
izations, including the World Health Organization14; also, 
in a previous study of delirium, Halladay and others15 used 
65 years as one of their age cut-offs. The cut-off dose was 
set as morphine equivalent of 90 mg/day, based on a study 
by Gaudreau and others.16 In performing the Fisher exact 
test, we corrected for n = 0 with a correction value of +0.5. 
The statistical analyses were performed using EZR soft-
ware, version 1.55 (Saitama Medical Center, Jichi Medical 
University), with significance set at p < 0.05 for all analy-
ses. Matched-pair analysis was used to extract the matched 
pairs for Analysis 2. The analysis conditions were as follows: 
PropensityScore.GLM.1, case to control ratio = 1:1, and 
caliper width = 0.2. 

RESULTS

Of the 90 patients who met the inclusion criteria, 63 
received oral morphine and 27 received oral hydromorph-
one. Table 1 shows a comparison between the groups in 
terms of patients’ baseline characteristics. In Analysis 1 
(all data), there were no significant differences between the 
groups in terms of age or the presence/absence of primary 
brain tumours or brain metastases, central nervous system 
disease, dementia, past alcohol use, or hepatic failure. How-
ever, there was a significant difference in sex ratio between 
the oral morphine group and the oral hydromorphone 
group. In addition, baseline PS differed significantly, as did 
the presence/absence of renal failure.

In Analysis 2, after propensity score matching for 
patient characteristics with significant differences in 
Analysis 1 (i.e., sex, baseline PS, and presence/absence of 
renal failure), no significant between-group differences 
were found for any of the 3 items.

With regard to concomitant drug use, both Analysis 1 
and Analysis 2 showed no significant differences between 
the groups in the use of benzodiazepines, anticholinergics, 
antidopaminergics, antihistamines, H2 receptor antagon-
ists, or steroids (Table 1). 

Table 2 shows the number of patients in each group 
according to cancer type. Oral morphine was most com-
monly prescribed for patients with lung cancer (n = 32, 51%) 
and oral hydromorphone for those with gastrointestinal 
cancer (n = 10, 37%).

The incidence of delirium in the 2 groups is shown 
in Figure 1. In Analysis 1, the incidence rate of delirium 
tended to be higher, but not significantly so, in the oral 
hydromorphone group than in the oral morphine group 
(19% vs 8%; odds ratio [OR] 0.4, 95% confidence interval 
[CI] 0.1–1.4, p = 0.16). In Analysis 2, after propensity score 
matching, the incidence rate of delirium remained higher, 

but again not significantly so, in the oral hydromorphone 
group than in the oral morphine group (11% vs 5%; OR 0.5, 
95% CI 0.04–5.7, p > 0.99).

DISCUSSION

The results of both Analysis 1 and Analysis 2, before and 
after propensity score matching, showed no significant 
difference in the incidence of delirium between the oral 
morphine and oral hydromorphone groups. This finding 
agrees with our previous study, in which we found nonsig-
nificant differences in the incidence of delirium induced by 
oral opioids. In that earlier study, the incidence of delirium 
in patients taking oral morphine, oxycodone, or tapen
tadol was 4.8%, 6.9%, and 6.7%, respectively.4 Those past 
results are similar to the 8% and 5% incidence of delirium 
with morphine before and after matching, respectively, in 
the current study. Oral hydromorphone appears to have a 
risk of delirium similar to that of oral oxycodone or oral 
tapentadol. Also, given that the risk of delirium increases 
when the dose exceeds a morphine equivalent dose of 
90 mg,16 oral hydromorphone in the dose range of 2 to 
6 mg, as examined in this study, had only a minor effect 
on delirium. Taken together, these findings indicate that 
any of these oral opioids is a possible choice based on the 
occurrence of delirium in opioid-naive patients. Because 
the purpose of this study was to determine which oral 
drug was better for opioid initiation, there were no cases 
in which opioids were administered at a morphine equiva-
lent dose of 90 mg or more. An important topic for future 
study would be to examine whether morphine, oxycodone, 
tapentadol, or hydromorphone is more suitable when 
switching opioids in patients already using a particular 
opioid at higher doses. 

Analysis 1 showed a difference in the sex ratio between 
the oral morphine and oral hydromorphone groups. Mor-
phine is the drug of choice for treating dyspnea in Japan.17 
Many of the patients in the oral morphine group had lung 
cancer, and the epidemiology of lung cancer may have 
led to the larger proportion of men in the oral morphine 
group.18 The present study also showed significant differ-
ences in baseline PS and the presence/absence of renal fail-
ure between the groups, probably because morphine is not 
recommended for patients with renal failure.7,19 As such, 
hydromorphone was used for those patients.

Nandi and others11 investigated risk factors for post
operative delirium in patients who underwent total joint 
arthroplasty in North America. In contrast, we investigated 
the risk factors for non-postoperative delirium in a popula-
tion of Japanese patients with cancer. Furthermore, in pre-
vious studies, multiple opioids including morphine were 
compared with hydromorphone, but our study compared 
only morphine and hydromorphone. Although the number 
of cases in our study was small, confounding according to 
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the type of opioid was reduced. Our results might show dif-
ferent trends from those previously reported, depending on 
patients’ ethnic background, the targeted disease, and the 
type of delirium. The structure of hydromorphone is simi-
lar to that of morphine, with the addition of a keto group at 
the 6 position and hydrogen at the 7 and 8 positions. Also, 
there is similarity in terms of affinity for the µ, δ, and κ 
opioid receptors, suggesting that the incidence of delirium 
caused by each drug would be similar.8-10 

One of the limitations of this study was our inability 
to compare blood levels of electrolytes (sodium, potassium, 
calcium)20 between the groups because for many patients, 
these levels were not measured at the start of opioid ther-
apy; as such, their potential influence on the results can-
not be ruled out. Also, differences in how hospital staff 

implemented nonpharmacological measures, such as 
interventions to address room lighting, malnutrition, and 
sleep deprivation,21 might also have influenced the results. 
Another limitation, arising from the retrospective nature 
of the study, is that opioid selection was at the discretion of 
the attending physician, which may have introduced bias. 
For purposes of our analyses, we assumed that appropri-
ate doses of opioids were administered, but a more detailed 
prospective comparative study, including analgesic effects, 
is needed. A further limitation is that the 2 researchers (H.T. 
and R.T.) who checked and audited medical records for the 
relevant period were also involved in the analysis itself. The 
descriptions of delirium in the medical records depended 
on assessments performed by and the relevant skills of the 
attending doctor, nurse, and pharmacist (e.g., how often 
assessments are done and when). In addition, since it was 
not possible to clearly distinguish between the chemother-
apy and best supportive care phases of each patient’s treat-
ment, future prospective studies should gather clinical data 
with consistent patient staging.

CONCLUSION

There was no statistically significant difference in the 
incidence of delirium between those who received mor-
phine and those who received hydromorphone. Although 
ours was a comparative study involving a relatively small 
number of cases, these findings suggest that either of these 
opioids can be selected for such inpatients. Given the retro-
spective nature of this study, the influence of confound-
ing factors could not be ruled out, and future prospective 
studies are warranted. 

TABLE 2. Administration of Oral Morphine or Oral 
Hydromorphone by Patient’s Type of Cancer

Drug; No. (%) of Patients

Type of Cancer
Morphine
(n = 63)

Hydromorphone
(n = 27)

Lung 	 32	 (51) 	 4	 (15)

Gastrointestinal 	 11	 (17) 	 10	 (37)

Breast 	 2	 (3) 	 2	 (7)

Uterine or ovarian 	 3	 (5) 	 2	 (7)

Skin 	 8	 (13) 	 2	 (7)

Kidney 	 3	 (5) 	 2	 (7)

Other 	 4	 (6) 	 5	 (19)

FIGURE 1. Incidence of delirium induced by oral morphine and oral hydromorphone, before and after propensity score 
matching. In both analyses, there was no significant difference between the groups. 
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