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ABSTRACT
Background: Postoperative delirium is one of the most common compli-
cations in the elderly surgical population. However, its long-term outcomes 
remain largely to be determined. Therefore a prospective cohort study was 
conducted to determine the association between postoperative delirium and 
long-term decline in activities of daily living and postoperative mortality. The 
hypothesis in the present study was that postoperative delirium was asso-
ciated with a greater decline in activities of daily living and higher mortality 
within 24 to 36 months after anesthesia and surgery.

Methods: The participants (at least 65 yr old) having the surgeries of (1) 
proximal femoral nail, (2) hip replacement, or (3) open reduction and internal 
fixation under general anesthesia were enrolled. The Confusion Assessment 
Method algorithm was administered to diagnose delirium before and on the 
first, second, and fourth days after the surgery. Activities of daily living were 
evaluated by using the Chinese version of the activities of daily living scale 
(range, 14 to 56 points), and preoperative cognitive function was assessed by 
using the Chinese Mini-Mental State Examination (range, 0 to 30 points). The 
follow-up assessments, including activities of daily living and mortality, were 
conducted between 24 and 36 months after anesthesia and surgery.

Results: Of 130 participants (80 ± 6 yr, 24% male), 34 (26%) developed 
postoperative delirium during the hospitalization. There were 32% of the par-
ticipants who were lost to follow-up, resulting in 88 participants who were 
finally included in the data analysis. The participants with postoperative delir-
ium had a greater decline in activities of daily living (16 ± 15 vs. 9 ± 15, 
P = 0.037) and higher 36-month mortality (8 of 28, 29% vs. 7 of 75, 9%; 
P = 0.009) as compared with the participants without postoperative delirium.

Conclusions: Postoperative delirium was associated with long-term detri-
mental outcomes, including greater decline in activities of daily living and a 
higher rate of postoperative mortality.

(ANESTHESIOLOGY 2019; 131:492–500)

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Postoperative delirium is common, but its long-term consequences 
remain unclear

What This Article Tells Us That Is New

•	 About a quarter of enrolled patients, averaging 80 yr of age, devel-
oped delirium after major elective and urgent major orthopedic 
surgery

•	 Activities of daily living at 2 to 3 yr and mortality at 3 yr were both 
worse in patients who experienced delirium
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Postoperative delirium, one of the most common post-
operative complications among elderly patients,1,2 is 

associated with postoperative neurocognitive disorder, 
increased other postoperative complications, prolonged 
hospital stays, higher discharge rates to nursing homes and 
poor survival rates.3–5 The U.S. healthcare costs attributable 
to delirium exceed $182 billion per year.6,7

Postoperative delirium is not always transient or revers-
ible, and increasing evidence has demonstrated both short-
term and long-term poor prognoses in surgical patients 
who have developed postoperative delirium.8–10 Large 
cohort studies suggest that postoperative delirium is associ-
ated with a significant impairment in global cognitive func-
tion 12 months postsurgery.8,9 Moreover, such cognitive 
impairment can persist up to 36 months.10

There have been studies to investigate the associa-
tion between delirium and activities of daily living.11,12 
Specifically, Marcantonio et al.11 reported that postoperative 
delirium was independently associated with poorer activ-
ities of daily living at 1 month after the surgery, but such 
association disappeared at 6 months postsurgery. A recent 
study showed that postoperative delirium was associated 
with persistent activities of daily living impairment after a 
major elective surgery.13 However, controversy still exists 
regarding the causal relationship between delirium and 
postoperative mortality due to the high risk of confounding 
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bias as evidenced by a recent systematic review.14 Although 
most studies reported that postoperative delirium was 
associated with an increased risk of death,15,16 a few other 
studies have indicated that the association was not appar-
ent after adjusting for adequate confounders.17,18 Therefore, 
the associations among postoperative delirium, the long-
term activities of daily living, and mortality remain to be 
determined.

We therefore set up a prospective longitudinal study 
using a cohort of patients who had orthopedic surgery 
under general anesthesia. The objective of this study was 
to investigate the effects of postoperative delirium on the 
long-term decline in activities of daily living and postoper-
ative mortality. The primary hypothesis in the present study 
was that postoperative delirium was associated with greater 
activities of daily living decline. The secondary hypothesis 
was that patients with postoperative delirium would have a 
higher rate of mortality within 24 to 36 months after anes-
thesia and surgery.

Materials and Methods
Study Population

The study protocol was approved by the Human Research 
Ethics Committee of Shanghai Tenth People’s Hospital 
affiliated with Tongji University in Shanghai, China (RES-
2013015). All participants signed the informed consent 
before being enrolled in the study.

Eligible participants were screened and enrolled exclu-
sively at Shanghai Tenth People’s Hospital, a university- 
affiliated hospital with about 3 million outpatients and 
more than 40,000 surgeries every year, from August 2013 
to August 2014. The follow-up assessments were carried 
out within 24 to 36 months after anesthesia and surgery. 
Participants were included if they met the following eligi-
bility criteria: (1) 65 yr old or older, (2) Chinese Mandarin 
as the native language, (3) scheduled to undergo orthope-
dic surgery, and (4) having the ability of verbal commu-
nication and writing skills and thus being able to provide 
informed consent.13 Eligible surgical procedures included 
the surgeries of proximal femoral nail, hip replacement, and 
open reduction and internal fixation. The exclusion criteria 
were: (1) preoperative delirium according to the Confusion 
Assessment Method algorithm19 ; (2) prior diagnoses of neu-
rologic diseases, e.g., Parkinson’s diseases, multiple sclerosis 
or stroke according to International Statistical Classification 
of Diseases and Related Health Problems 10th Revision20; 
(3) a history of mental disorders, e.g., major depressive dis-
order and schizophrenia diagnosed according to Diagnostic 
and Statistical Manual of Mental Disorders, 4th edition21; or 
(4) unwillingness to participate in the study.

Preoperative Interview

After the patients were admitted to the hospital, two trained 
research assistants (Z.S. and Y.W.) carried out the preoperative 

screening assessments in person 1 day before the scheduled  
surgery. The assessments included a review of the patient’s 
medical chart and an interview with the patient. Characteristics 
of the participants were collected, including age, sex, edu-
cation, marital status, and living conditions. Moreover, the 
age-adjusted Charlson comorbidity index22 was obtained 
through patient interviews or medical records reviews based 
on the validated Charlson comorbidity coding algorithms,23 
with higher scores indicating more comorbidities.

Preadmission status of daily function was assessed by 
using the Chinese version of the activities of daily living 
scale,24 which included a physical self-maintenance scale 
and an instrumental activities of daily living scale. There is 
a total of 14 items. Specifically, the physical self-mainte-
nance scale is used to assess the fundamental skills typically 
needed to manage basic physical needs and consists of the 
following six tasks: transferring/ambulating, eating, dress-
ing, grooming/personal hygiene, bathing, and toileting/
continence; the instrumental activities of daily living scale 
is used to assess more complex activities related to indepen-
dent living and contains the following eight tasks: taking 
public transportation, preparing food, housekeeping, taking 
medications, doing laundry, shopping, making phone calls, 
and managing finances. For each item, the scoring is deter-
mined by a 4-point coding system: 1 = can do it myself, 
2 = have some difficulty doing but can still do it by myself, 
3 = need help to do it, and 4 = cannot do it at all. The total 
score of activities of daily living scale ranges from 14 to 56 
points, and higher activities of daily living scale scores indi-
cate lower ability to perform activities of daily living. The 
participants with activities of daily living scale scores more 
than 22 points (the cutoff score) were defined as having 
impairment in activities of daily living.25

The Chinese Mini-Mental State Examination was per-
formed to assess for global cognitive function. There are 19 
items, and the maximum score of the Chinese Mini-Mental 
State Examination is 30 points. The optimal cutoff points 
in dementia or abnormal cognitive function screening 
are stratified by education levels (17/18 for those illiter-
ate, 20/21 for individuals with 1 to 6 yr of education, and 
24/25 for individuals with 7 yr or more of education).26

Anesthesia and Surgery

All participants were scheduled to undergo orthopedic 
surgery and had standardized perioperative care, including 
anesthesia and postoperative pain management, as described 
in our previous studies.27 We did not determine the asso-
ciation between the depth of anesthesia and postoperative 
delirium, because such association has been investigated 
in the previous studies.28–30 In addition, by reviewing the 
patient’s anesthesia records, we were able to obtain the 
information of American Society of Anesthesiologists clas-
sification, anesthesia types, estimated blood loss, the length 
of anesthesia administration and operation, and the length 
of hospitalization.
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Postoperative Delirium Assessment

The assessments of delirium were performed as described 
in our previous studies.27 Specifically, postoperative delir-
ium was assessed once daily between 10:00 am and 4:00 
pm on days 1, 2, and 4 postsurgery. The psychiatrists who 
performed the delirium assessments in the current study 
had good training and went through quality control proce-
dures. The interrater reliability calculated from the intraclass 
correlation coefficient was 0.96 (95% CI, 0.92 to 0.98).31

The incidence of postoperative delirium was deter-
mined according to the Confusion Assessment Method 
diagnostic algorithm, which was used to determine the 
presence or absence of delirium.19 The algorithm consists 
of four clinical criteria: (1) acute onset and fluctuating 
course, (2) inattention, (3) disorganized thinking, and (4) 
altered level of consciousness. To define a patient as having 
delirium, both the first and the second criteria have to be 
present, as well as either the third or the fourth criteria. The 
Confusion Assessment Method in the Chinese language has 
been proven to have good reliability and validity among 
the Chinese elderly population.32 Patients with a positive 
diagnosis on postoperative days 1, 2, or 4 would be coded as 
“having postoperative delirium.”

Follow-up Interview

The participants had follow-up interviews within 24 to 36 
months after anesthesia and surgery. The following assess-
ments were conducted in the form of face-to-face inter-
views or phone interviews if the participants were not 
available for the face-to-face interviews. The interviewers 
who performed the follow-up assessments were blinded 
to the diagnosis of postoperative delirium of the partici-
pants. During the interviews, the activities of daily living 
were assessed with the Chinese version of the activities of 
daily living scale. Moreover, we obtained information on 
participant’s status of death by consulting with their family 
members and reviewing their electronic medical records. In 
addition, the diagnosis of postoperative delirium was made 
only immediately on postoperative days during the hospi-
talization but not at the time of follow-up.

Statistical Analysis

The study was powered to detect a difference in activities 
of daily living between the participants with and without 
postoperative delirium in an orthopedic surgery popula-
tion, based on the incidence of postoperative delirium 
(26%) and the between-group differences in preoperative 
activities of daily living scale score (mean difference ± SD, 
4 ± 6), obtained and analyzed from the data in our previ-
ous studies.27 It was estimated that 96 participants would 
be required to detect a significant difference, at the 5% 
significance level with 80% power. Moreover, the previous 
studies demonstrated a recruitment rate of 63%.27 Thus, 
we had planned to screen at least 153 patients undergoing 

orthopedic surgery in 1 yr to be able to recruit 96 partici-
pants at the start of the studies.

The Kolmogorov–Smirnov test was used to test for the 
normality of all variables. The between-group differences 
were compared using a Student’s t test for continuous vari-
ables (mean ± SD) or a chi-square test for categorical vari-
ables (n [%]). A Mann–Whitney U test was used to compare 
the group difference in the activities of daily living scale 
score (median ± interquartile range). We estimated the 
overall mortality rate by using Kaplan–Meier analysis, and 
the differences were compared using log-rank tests. Cox 
regression analysis was carried out to determine the asso-
ciation between postoperative delirium and overall survival 
rate. Factors that showed a significant association with post-
operative delirium in the univariate analyses were included 
as covariates in the Cox survival analysis model. Because the 
burden of comorbidities has been demonstrated to affect 
the postoperative short-term and long-term survival rates, it 
was further included in the model as a covariate. All analyses 
were performed using the SPSS version 20.0 (SPSS Inc., 
USA) or Prism 6 software (GraphPad, USA), with P < 0.05 
as the significance level.

Results
Baseline Characteristics

Figure  1 showed the enrollment, exclusions, and patients 
available for analysis among 192 participants. At baseline, 
62 participants were excluded because of acute cerebral 
infarction (n = 15), psychosis history (n = 17), uncompleted 
assessments (n = 27), and the diagnosis of preoperative delir-
ium (n = 3). Thus, a total of 130 participants (80 ± 6 yr, 24% 
male) provided informed consent and were enrolled in this 
study. All participants had been scheduled to undergo ortho-
pedic surgery, including proximal femoral nail (n = 67), hip 
replacement (n = 56), and open reduction and internal fixa-
tion surgeries (n = 7) under general anesthesia. The charac-
teristics of these participants are presented in table 1.

Of the 130 participants, 34 (26%) developed postopera-
tive delirium on days 1, 2, or 4 after anesthesia and surgery. 
The participants who developed postoperative delirium 
were older (83 ± 5 vs. 79 ± 6, P = 0.001) and had more 
severe preoperative cognitive impairment than those with-
out postoperative delirium (Chinese Mini-Mental State 
Examination score of 18 ± 5 vs. 24 ± 5, P = 0.001).

There were no significant differences in other character-
istics between the participants with and without postoper-
ative delirium. There were also no significant differences in 
the American Society of Anesthesiologists class, anesthesia 
types (total intravenous anesthesia with propofol vs. inhala-
tional anesthesia with sevoflurane vs. mixed with propofol 
and sevoflurane), surgery types, length of anesthesia and sur-
gery, estimated blood loss, and the length of hospitalization 
between the participants with postoperative delirium and 
those without postoperative delirium.
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Association between Postoperative Delirium and the 
Long-term Outcomes

During the period of follow-up, there were 42 participants 
(32%) who were lost to the follow-up due to the discon-
tinuation of interviews (n = 12), no more interest in par-
ticipating in the study (n = 8), and unavailability of contacts 
(n = 8). In addition, another 15 participants died during the 
follow-up period, which we confirmed through their family 
members and by reviewing their electronic medical records. 
Consequently, 88 participants completed the follow-up 
assessments and were finally included in the data analysis 
(fig. 1). The assessments in the follow-up studies included 
both face-to-face interviews (n = 47) and phone interviews 
(n = 41). There were no significant differences in regards to 
the incidence of postoperative delirium and the characteris-
tics between the participants who remained in the study and 
those who dropped out from the study (table 2).
Activities of Daily Living.  In this cohort, 18 of 34 (53%) 
participants with postoperative delirium had preoperative 
activities of daily living impairment (more than the cutoff 
score of 22 points), whereas only 22 of 96 (23%) participants 
without postoperative delirium had activities of daily living 
impairment before the surgery (P = 0.001; chi-square test). 
Moreover, 24 to 36 months after anesthesia and surgery, 
the participants who developed postoperative delirium had 
a greater decline in activities of daily living, as evidenced 
by the larger increase in activities of daily livings scores as 

compared with the participants who did not develop post-
operative delirium (median ± interquartile range, 16 ± 15 
vs. 9 ± 15, P = 0.037; Mann–Whitney U test). Specifically, 
the participants who had developed postoperative delirium 
after proximal femoral nail surgery (median ± interquartile 
range, 18 ± 15 vs. 10 ± 12, P  =  0.041; Mann–Whitney 
U test), but not after hip replacement surgery (median ± 
interquartile range, 12 ± 13 vs. 7 ± 14, P = 0.283; Mann–
Whitney U test), exhibited significant decline in activities of 
daily living at the time of the follow-up evaluation. Because 
only one in four participants had developed postoperative 
delirium after open reduction and internal fixation surgery, 
we decided not to determine the association between post-
operative delirium and activities of daily living decline in 
these participants during the follow-up interviews (table 3).
Mortality.  The mortality rate of patients with and with-
out postoperative delirium within 24 to 36 months after 
anesthesia and surgery was calculated using Kaplan–Meyer 
analysis. In the current cohort, participants who developed 
postoperative delirium had a higher mortality rate (8 of 
28, 29%) as compared with the participants who did not 
develop postoperative delirium (7 of 75, 9%; P = 0.009; log-
rank test; fig. 2).

Univariable and multivariable analyses of overall sur-
vival were calculated by using Cox regression models. 
Postoperative delirium was associated with a lower sur-
vival rate (unadjusted hazard ratio  =  0.28; 95% CI, 0.10 
to 0.78; P = 0.015). After the adjustment of preoperative 

Fig. 1.  Consolidated Standards of Reporting Trials diagram shows the enrollment, exclusions, and participants available for analysis.
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cognitive function (determined by Chinese Mini-Mental 
State Examination score) and the age-adjusted comorbid-
ities (determined by the age-adjusted Charlson comorbid-
ity index score), we found that postoperative delirium was 
still independently associated with poor long-term survival 
rate (adjusted hazard ratio = 0.22; 95% CI, 0.07 to 0.67; 
P = 0.007). These results suggested that participants with 
postoperative delirium had an increased risk of mortality in 
the long-term after anesthesia and surgery.

Discussion
This prospective study demonstrated that postoperative 
delirium was associated with greater decline in activities of 
daily living and higher postoperative mortality within 24 to 
36 months after anesthesia and surgery. It has been reported 
that the prevalence of preoperative delirium in elderly 
patients with hip fractures was 4 to 6%.33,34 The prevalence 
of preoperative delirium in the present study was 2% (3 of 

133), which could be partially due to the strict exclusion of 
participants. Specifically, the participants with acute cere-
bral infarction (n = 15) or history of psychosis (n = 17) 
were excluded from the studies and did not receive the 
assessment of preoperative delirium. In addition, another 
27 participants were excluded because they had refused 
to complete the assessment of preoperative delirium. The 
prevalence of preoperative delirium could have been differ-
ent if these participants had not been excluded.

The observed incidence of postoperative delirium in 
current study was 26%, which was comparable with that 
obtained in other studies for noncardiac surgeries13,35–37with 
a range from 9 to 28%,38 thus demonstrating the validity of 
our assessment of postoperative delirium. However, Bitsch 
et al.39 reported an average incidence of postoperative delir-
ium of 35% in their studies. Moreover, the incidence was 
higher in intensive care unit patients with critical illness 
(19 to 82%) and in patients who received emergent hip 

Table 1.  Baseline Characteristics of Study Population

Variables (N = 130) Delirium (N = 34) Nondelirium (N = 96) P Value

Age, yr, mean ± SD 83 ± 5 79 ± 6 0.001
Sex, male, n (%) 9 (27%) 22 (23%) 0.676
Marital status, n (%)   0.058
 M arried 21 (62%) 74 (77%)  
  Single 11(32%) 16 (17%)
  Divorced/widowed 2 (6%) 6 (6%)
Living condition, n (%)   0.056
  Living together 20 (59%) 73 (76%)  
  Living alone 14 (41%) 23 (24%)
Children, n (%)   0.289
  Having children 29 (85%) 89 (93%)  
  No children 5 (15%) 7 (7%)
BMI, kg/m2, mean ± SD 20 ± 6 22 ± 4 0.673
Education, yr, mean ± SD 4 ± 5 5 ± 5 0.229
ACCI, points, mean ± SD 5 ± 1 5 ± 2 0.353
CMMSE, points, mean ± SD 18 ± 5 24 ± 5 0.001
CRP, mg/l, mean ± SD 29 ± 26 25 ± 21 0.245
HGB, g/dl, mean ± SD 10 ± 2 10 ± 2 0.123
WBC, K/μl, mean ± SD 8 ± 3 8 ± 3 0.598
ASA class, n (%)   0.580
  I 1 (3%) 1 (1%)  
  II 20 (59%) 64 (67%)  
  III 13 (38%) 31 (32%)  
Anesthesia type, n (%)    
 P ropofol 1 (3%) 5 (5%)  
  Sevoflurane 10 (29%) 21 (22%) 0.620
 P ropofol and sevoflurane 23 (68%) 70 (73%)  
Surgery type, n (%)   0.160
 P roximal femoral nail 22 (65%) 45 (47%)  
  Hip replacement 10 (29%) 46 (48%)  
  Open reduction and internal fixation 2 (6%) 5 (5%)  
Length of anesthesia, min, mean ± SD 128 ± 49 132 ± 50 0.729
Length of operation, min, mean ± SD 88 ± 46 100 ± 44 0.174
Estimated blood loss, ml, mean ± SD 329 ± 286 316 ± 264 0.814
Length of hospitalization, days, mean ± SD 20 ± 6 18 ± 5 0.127

Statistically significant results are boldface.
ACCI, age-adjusted Charlson comorbidity index; ASA, American Society of Anesthesiologists; BMI, body mass index; CMMSE, Chinese Mini-Mental State Examination; CRP, C-reactive 
protein; HGB, hemoglobin; WBC, leukocyte.
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fracture repair surgery (41%).2,11 The exact reasons for such 
differences are not clear at the present time. It might be 
related to the different healthcare environment and settings, 
predisposing conditions, and types of surgery.

Previous studies have reported that postoperative delirium 
was associated with cognitive impairment upon discharge and 
decline in activities of daily living during 1 to 3 months after 
hip surgery.11,40 However, the associations between postop-
erative delirium and long-term (e.g., more than 24 months) 
activities of daily living and mortality have not been inves-
tigated. The current study showed that the participants who 
had postoperative delirium experienced a greater decline 

in activities of daily living and exhibited higher mortality 
within 24 to 36 months after anesthesia and surgery.

Activities of daily living, an important component of 
assessment for major surgery,41 have been widely used as 
an index for the measurement of postoperative recovery as 
demonstrated in previous studies.24,25 It has been found that 
patients who developed postoperative delirium had poorer 
recovery within 6 months after the surgery as compared with 
those did not develop it.11,12,15,40 The current study found that 
all of the participants showed declined activities of daily living 
(increase of activities of daily living scale scores) after anesthe-
sia and surgery. Specifically, the participants who developed 
postoperative delirium had a greater decline in activities of 
daily living 24 to 36 months after anesthesia and surgery as 
compared with those who did not develop it. Furthermore, 
participants undergoing the surgery of proximal femoral nail 
demonstrated greater decline in activities of daily living than 
the participants having hip replacement during the time of 
follow-up interviews, which was likely due to the different 
age distributions (82 ± 6 vs. 78 ± 7, P = 0.040) and sur-
gical indications (e.g., femoral intertrochanteric fracture). 
Collectively, these findings suggested that the occurrence of 
postoperative delirium among the elderly surgical population 
could worsen the long-term activities of daily living.

The current study reported that patients who had post-
operative delirium would have a higher mortality rate even 
after controlling for age-adjusted Charlson comorbidities 
and preoperative cognitive status. Consistently, most studies 
supported that patients who developed delirium were at 
an increased risk of death14 and that delirium was associ-
ated with 6-month,15 12-month,16 and 5-yr42 postoperative 
mortality. These results suggest that efforts should be imple-
mented in the elderly population at high risk of developing 
postoperative delirium after orthopedic surgery. Note that 
there were potential confounders during the follow-up 24 
to 36 months postsurgery, which could influence the out-
comes of the current studies. Future studies to determine 
such influences are warranted.

Limitations

The current study has several limitations. First, the sample 
size was relatively small. However, the 88 participants in the 
follow-up studies were sufficient to illustrate the association 
between postoperative delirium and long-term decline in 
activities of daily living. The current study has mainly estab-
lished a system and generated a hypothesis for the future 
larger-scale studies. Note, the retention rates (20 of 34, 59% 
vs. 68 of 96, 71%; P = 0.601) and the total follow-up time 
(28 ± 3 months vs. 27 ± 3 months; P = 0.724) were com-
parable between the participants with and without postop-
erative delirium. Second, the need for informed consent in 
the studies could limit the participation into a group that 
has less risk of developing postoperative delirium, declined 
activities of daily living, or death. Third, we did not assess 
whether the participants had postoperative delirium daily 

Table 2.  Demographic and Clinical Characteristics 
between the Participants Who Stayed in the Studies and the 
Participants Who Dropped from the Studies

Variables (N = 130)
Followed  
(N = 88)

Dropped  
Out  

(N = 42) P Value

Age, yr, mean ± SD 80 ± 7 81 ± 5 0.586
Sex, male, n (%) 19 (22%) 12 (29%) 0.382
Marital status, n (%)    
 M arried 64 (73%) 31 (74%) 0.450
  Single 20 (23%) 7 (17%)
  Divorced/widowed 4 (4%) 4 (9%)
Living condition, n (%)    
  Living together 65 (74%) 28 (67%) 0.395
  Living alone 23 (26%) 14 (33%)
Children, n (%)   0.900
  Having children 79 (90%) 38 (90%)  
  No children 9 (10%) 4 (10%)
BMI, kg/m2, mean ± SD 23 ± 5 23 ± 3 0.902
Education, yr, mean ± SD 5 ± 5 4 ± 5 0.272
ACCI, points, mean ± SD 5 ± 2 4 ± 5 0.939
CMMSE, points, mean ± SD 22 ± 5 22 ± 6 0.823
CRP, mg/l, mean ± SD 29 ± 24 20 ± 19 0.082
HGB, g/dl, mean ± SD 11 ± 2 11 ± 2 0.879
WBC, K/μl, mean ± SD 8 ± 3 8 ± 3 0.521
ASA class, n (%)   0.613
  I 1 (1%) 1 (2%)  
  II 55 (63%) 29 (69%)  
  III 32 (36%) 12 (29%)  
Anesthesia type, n (%)   0.620
 P ropofol 3 (3%) 3 (7%)  
  Sevoflurane 22 (25%) 9 (21%)  
 P ropofol and sevoflurane 63 (72%) 30 (72%)  
Surgery type, n (%)   0.743
 P roximal femoral nail 47 (53%) 20 (48%)  
  Hip replacement 37 (42%) 19 (45%)  
  Open reduction and internal fixation 4 (5%) 3 (7%)  
Length of anesthesia, min, mean ± SD 129 ± 46 134 ± 58 0.585
Length of operation, min, mean ± SD 93 ± 41 103 ± 51 0.231
Estimated blood loss, ml, mean ± SD 304 ± 241 351 ± 322 0.372
Length of hospitalization, day,  

mean ± SD
19 ± 6 19 ± 5 0.973

Postoperative delirium, n (%) 20 (23%) 14 (33%) 0.198

ACCI, age-adjusted Charlson comorbidity index; ASA, American Society of 
Anesthesiologists; BMI, body mass index; CMMSE, Chinese Mini-Mental State 
Examination; CRP, C-reactive protein; HGB, hemoglobin; WBC, leukocyte.
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until the discharge, which may lead to missing the detection 
of postoperative delirium. However, ample evidence has 
suggested that most postoperative delirium occurred within 
the first 3 days after anesthesia and surgery.9,43 Moreover, we 
purposely did not evaluate the postoperative delirium diag-
nosed after 7 days to avoid the influence of postoperative 

neurocognitive disorder, another common postoperative 
complication among elderly patients, on the activities of 
daily living and postoperative mortality.44 Finally, we did 
not evaluate the association between postoperative delir-
ium and pre- or postoperative cognitive function. However, 
such a relationship has been well established in previous 
studies.8–10

In conclusion, the current study showed that postop-
erative delirium was associated with the combination of 
a greater decline in activities of daily living and a higher 
mortality rate within 24 to 36 months after anesthesia and 
surgery. These findings highlight the need to prevent post-
operative delirium whenever possible, particularly among 
geriatric patients who are vulnerable to developing preop-
erative and postoperative neurocognitive disorder.
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Table 3.  Comparison of Activities of Daily Living between Participants with and without Postoperative Delirium

Delirium Nondelirium P Value*

Overall (N = 88) N = 20 N = 68  
 B aseline ADLs, points, median ± IQR 22 ± 11 15 ± 5 0.005
  Follow-up ADLs, points, median ± IQR 40 ± 23 27 ± 17 0.002
  ADL decline, points, median ± IQR† 16 ± 15 9 ± 15 0.037
Proximal femoral nail (n = 47) n = 13 n = 34  
 B aseline ADLs points, median ± IQR 23 ± 10 15 ± 4 0.002
  Follow-up ADLs points, median ± IQR 43 ± 21 28 ± 16 0.001
  ADL decline, points, median ± IQR† 18 ± 15 10 ± 12 0.041
Hip replacement (n = 37) n = 6 n = 31  
 B aseline ADLs points, median ± IQR 20 ± 14 16 ± 7 0.432
  Follow-up ADLs points, median ± IQR 33 ± 24 27 ± 19 0.147
  ADL decline, points, median ± IQR† 12 ± 13 7 ± 14 0.283
Open reduction and internal fixation (n = 4) n = 1 n = 3 N/A‡

*Statistically significant results are highlighted in bold. †ADL decline was calculated by using follow-up ADLs score minus baseline ADLs score, which indicated the decline of activities 
of daily living. A larger ADL change score indicates a greater ADL decline. ‡Only one in four participants developed postoperative delirium after open reduction and internal fixation 
surgery at the time of follow-up evaluation. Thus, we did not determine the association between postoperative delirium and the decline of ADL in these participants.
ADL, activities of daily living; ADLs, activities of daily living scale; IQR, interquartile range; N/A, not applicable.

Fig. 2.  Cumulative survival rates according to the presence of 
postoperative delirium. The postoperative morality rates within 
24 to 36 months of the followed participants after orthopedic 
surgery were calculated by using the Kaplan–Meyer analysis. 
Specifically, the 36-month mortality rate of participants with 
postoperative delirium (8 of 28, 29%) was significantly higher 
than that of participants without postoperative delirium (7 of 75, 
9%) at the follow-up (P = 0.009, log-rank test). Symbols (+) indi-
cate the censored data.
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