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IMPORTANCE Delirium is a common, serious, and potentially preventable problem for older
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adults, associated with adverse outcomes. Coupled with its preventable nature, these
adverse sequelae make delirium a significant public health concern; understanding its
economic costs is important for policy makers and health care leaders to prioritize care.
OBJECTIVE To evaluate current 1-year health care costs attributable to postoperative delirium

in older patients undergoing elective surgery.
DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study included 497 patients
from the Successful Aging after Elective Surgery (SAGES) study, an ongoing cohort study of
older adults undergoing major elective surgery. Patients were enrolled from June 18, 2010,
to August 8, 2013. Eligible patients were 70 years or older, English-speaking, able to
communicate verbally, and scheduled to undergo major surgery at 1 of 2 Harvard-affiliated
hospitals with an anticipated length of stay of at least 3 days. Eligible surgical procedures
included total hip or knee replacement; lumbar, cervical, or sacral laminectomy; lower
extremity arterial bypass surgery; open abdominal aortic aneurysm repair; and open or
laparoscopic colectomy. Data were analyzed from October 15, 2019, to September 15, 2020.
EXPOSURES Major elective surgery and hospitalization.
MAIN OUTCOMES AND MEASURES Cumulative and period-specific costs (index hospitalization,
30-day, 90-day, and 1-year follow-up) were examined using Medicare claims and extensive
clinical data. Total inflation-adjusted health care costs were determined using data from Medicare
administrative claims files for the 2010 to 2014 period. Delirium was rated using the Confusion
Assessment Method. We also examined whether increasing delirium severity was associated with
higher cumulative and period-specific costs. Delirium severity was measured with the Confusion
Assessment Method–Severity long form. Regression models were used to determine costs
associated with delirium after adjusting for patient demographic and clinical characteristics.
RESULTS Of the 566 patients who were eligible for the study, a total of 497 patients (mean
[SD] age, 76.8 [5.1] years; 281 women [57%]; 461 White participants [93%]) were enrolled
after exclusion criteria were applied. During the index hospitalization, 122 patients (25%)
developed postoperative delirium, whereas 375 (75%) did not. Patients with delirium had
significantly higher unadjusted health care costs than patients without delirium (mean [SD]
cost, $146 358 [$140 469] vs $94 609 [$80 648]). After adjusting for relevant confounders,
the cumulative health care costs attributable to delirium were $44 291 (95% CI,
$34 554-$56 673) per patient per year, with the majority of costs coming from the first
90 days: index hospitalization ($20 327), subsequent rehospitalizations ($27 797), and
postacute rehabilitation stays ($2803). Health care costs increased directly and significantly
with level of delirium severity (none-mild, $83 534; moderate, $99 756; severe, $140 008),
suggesting an exposure-response relationship. The adjusted mean cumulative costs
attributable to severe delirium were $56 474 (95% CI, $40 927-$77 440) per patient per year.
Extrapolating nationally, the health care costs attributable to postoperative delirium were
estimated at $32.9 billion (95% CI, $25.7 billion-$42.2 billion) per year.
CONCLUSIONS AND RELEVANCE These findings suggest that the economic outcomes of
delirium and severe delirium after elective surgery are substantial, rivaling costs associated
with cardiovascular disease and diabetes. These results highlight the need for policy
imperatives to address delirium as a large-scale public health issue.
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elirium is a common, serious clinical problem for older
adults, often complicating major surgery.1 Delirium
has been associated with poor hospital outcomes,
including prolonged hospital stay, functional and cognitive
decline, institutionalization, and death.2,3 With robust evidence documenting the effectiveness of prevention by multicomponent nonpharmacologic strategies,4,5 incident delirium
is currently used as a quality marker for hospital care. Accumulating evidence also links postoperative delirium to adverse longterm outcomes, including accelerated cognitive decline and
dementia.6,7 With these many adverse sequelae, delirium has
emerged as a significant public health concern.8-10
There is a substantial gap in knowledge about the current
costs of delirium for our health care system. Such knowledge is
essential to guide policy makers and health care leaders in
decision-making and prioritization surrounding delirium care.11
The most widely cited cost estimates for delirium of $16 303 to
$64 421 per patient per year were derived from a controlled clinical trial of a delirium prevention model using Medicare claims
data from 1995 to 1999.12 Three more recent prospective studies have examined health care costs associated with delirium.
One study of 479 patients in the intensive care unit (ICU) estimated cumulative 30-day costs attributable to ICU delirium
at $17 838 per patient; however, this likely represents an underestimate given the substantial rate of early mortality in these
patients.13 A second study of 66 patients who had cardiac surgery analyzed the differences in median length of hospital stay,
leading to a nonsignificant $10 000 adjusted cost difference between patients with and without delirium.14 A third prospective
study in 500 patients who had elective surgery found differences
of approximately $2000 per patient in health care costs related
to delirium.15 All other prior studies examining costs of delirium
have involved retrospective analyses or simulation studies.16
Updated cost estimates are urgently needed to assist leaders of health care organizations to motivate investing scarce
resources into programs to address delirium. Accurate cost estimates are needed by funders and health systems to develop
incentives and strategies to improve processes and quality of
care for older adults and to track improvements over time.
Thus, we undertook this study to examine 1-year cost estimates attributable to postoperative delirium derived from an
ongoing prospective cohort of older patients having elective
surgery, using Medicare claims and clinical data. Our specific
aims were to evaluate total health care costs associated with
incident postoperative delirium during the index hospitalization and at 30-day, 90-day, and 1-year follow-up in a prospective cohort of 497 patients undergoing elective major surgery, with careful adjustment for relevant confounders. We
examined both cumulative and period-specific costs and hypothesized that incident delirium and increasing delirium
severity would be associated with higher costs.

Methods
Study Sample
The Successful Aging after Elective Surgery (SAGES) study is
an ongoing prospective cohort study of older adults undergoE2

Key Points
Question What Medicare costs are attributable to delirium after
elective surgery each year?
Findings In this cohort study of 497 older adults undergoing
major elective surgery, the cumulative costs attributable to
delirium were $44 291 per patient over 1 year. The adjusted mean
cumulative costs attributable to severe delirium were $56 474 per
patient over 1 year.
Meaning Results suggest that incident delirium and severe
delirium after elective surgery are associated with a high cost to
the health care system, with substantial public health implications
that warrant renewed efforts to bolster prevention, early
detection, and management of delirium.

ing major elective surgery. The study design and methods have
been described previously.17,18 In brief, eligible participants
were 70 years or older, English-speaking, able to communicate verbally, and scheduled to undergo major surgery at 1
of 2 Harvard-affiliated hospitals with an anticipated length of
stay of at least 3 days. Eligible surgical procedures were total
hip or knee replacement; lumbar, cervical, or sacral laminectomy; lower extremity arterial bypass surgery; open abdominal aortic aneurysm repair; and open or laparoscopic colectomy. Exclusion criteria included evidence of dementia,
delirium, prior hospitalization within 3 months, legal blindness, severe deafness, terminal condition, history of schizophrenia or psychosis, and history of alcohol abuse or withdrawal. A total of 566 patients met eligibility criteria and were
enrolled between June 18, 2010, and August 8, 2013. Six patients were excluded after enrollment for suspected dementia after neuropsychological testing and clinical adjudication. An additional 63 (11%) were excluded from the present
analyses due to missing data: 33 (6%) because their Social
Security numbers were unavailable to provide linkage to the
Medicare database, and 30 (5%) because cost data were not
available owing to enrollment in a Medicare managed care plan.
Thus, the final sample was 497 participants (eFigure 1 in the
Supplement). Written informed consent for study participation was obtained from all participants according to procedures approved by the institutional review boards of the 2 Harvard hospitals and Hebrew SeniorLife, the study coordinating
center in Boston, Massachusetts. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Data Source
Participants were interviewed at baseline in their homes within
30 days (median [interquartile range], 9 [5-17] days) before their
scheduled surgery for detailed demographic characteristics,
cognitive functioning using the Modified Mini-Mental State
Examination,19 and assessments of basic and instrumental activities of daily living20,21 before surgery. During hospitalization, participants were interviewed daily with cognitive and
delirium assessments from the first postoperative day through
discharge. A family caregiver was interviewed at baseline about
the participant’s functional status using the proxy Informant
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Questionnaire on Cognitive Decline in the Elderly,22,23 a validated assessment for dementia based on proxy-reported cognitive changes over 10 years. Medical record review for the
index hospitalization was conducted by a trained research physician to extract information on medical diagnoses, comorbidities, and surgical type.
Our total cost calculations were derived from Medicare Part
A and B administrative claims, including Medicare Provider
Analysis and Review (MEDPAR), Outpatient (fee-for-service),
and Home Health Agency (fee-for-service) files, acquired for the
2010 to 2014 period. MEDPAR data detail inpatient hospital and
skilled postacute rehabilitation stays covered by Medicare. Outpatient data comprise fee-for-service claims billed by institutional outpatient health care workers. Home Health Agency data
include services covered by Medicare Home Health Agency
health care workers. We derived further costs from the Cost and
Utilization segment of the Master Beneficiary Summary File,
which included summarized annual payments for services such
as professional fees, hospice, and durable medical equipment.24
These latter costs were added separately in sensitivity analyses (eMethods in the Supplement).

Assessment of Delirium and Delirium Severity
Daily delirium assessment included brief cognitive testing,17,25
a Delirium Symptom Interview,26 and interviews with family
and nurses. Delirium was rated using the Confusion Assessment Method (CAM),27 a standardized approach with high sensitivity (94%-100%) and specificity (90%-95%).28,29 Combined with a validated chart review method,30,31 patients were
classified as having developed delirium if either CAM or chart
criteria were met on a given day. Delirium severity was measured with the CAM-Severity (CAM-S) score long form (scored
0-19; 19 = most severe).32 The highest value of CAM-S during
hospitalization, peak CAM-S, was used as the measure of delirium severity for these analyses, categorized into 3 severity
groups: none-mild (0-2 points), moderate (3-7 points), and
severe (8-19 points), based on prior work.6

Outcome Measures
Costs were measured from the perspective of the health care
system. Cumulative total health care costs were calculated for
the index hospitalization and for 30 days, 90 days, and 1 year
after discharge. Total costs incurred during the index hospitalization were determined from MEDPAR data. The 30-day,
90-day, and 1-year costs were derived from MEDPAR (inpatient and postacute rehabilitation stays), outpatient, and home
health services files. Period-specific costs were computed for
intervals between discharge and 30 days, 30 days and 90 days,
and 90 days and 1 year. Cumulative and period-specific costs
were calculated for individual health care cost categories, including inpatient, postacute rehabilitation facility, outpatient, and home health care.12 Costs were calculated using
Medicare reimbursed amounts rather than charges, because
reimbursed amounts represent the actual payments received
by hospitals and clinicians and are considered better measures of transaction prices than billed charges.12 All costs are
reported in 2019 US dollars, adjusting for inflation using the
medical care component of the Consumer Price Index.33
jamasurgery.com
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Statistical Analysis
Statistical analyses were conducted from October 15, 2019, to
September 15, 2020. For baseline characteristics, standard statistics were used to compare delirium and nondelirium groups,
including analysis of variance test for continuous variables and
χ2 test for categorical variables. We also used standard statistics to compare the delirium and nondelirium groups on hospital factors, including length of stay, and rates and duration
of ICU stay. For the cost analyses, we compared unadjusted
mean total costs between delirium and nondelirium groups
using the Wilcoxon test. For the 3 delirium severity groups, we
compared unadjusted mean costs using the Kruskal-Wallis test.
We then used generalized linear models to examine our cost
data, which displayed substantial skewness in their distributions with error terms exhibiting heteroscedasticity.34 To account for skewness, adjusted mean total costs were estimated with generalized linear models assuming γ-distributed
costs and a log link function.35 All covariables were meancentered. Model estimated cumulative adjusted mean total
costs from index hospitalization through discharge were first
computed cumulatively, then similarly computed for each
time period. The excess cumulative costs attributable to incident delirium and delirium severity were calculated as mean
cost differences from the adjusted models with 95% CIs derived from standard error estimates.
With complete data collection and follow-up, there were no
missing data on any of the outcomes or covariables used in the
models. We used SAS, version 9.4 (SAS Institute) for processing
the Medicare data files and Stata, version 15 (StataCorp LLC) for
all statistical analyses. All P values were 2 sided, and P < .05 was
used to indicate statistical significance. Detailed description of
the selection of covariables, 2-part models for analysis health care
cost categories, and details of sensitivity analyses are provided
in the eMethods in the Supplement.

Results
Of the 566 patients who were eligible for the study, a total of
497 patients (mean [SD] age, 76.8 [5.1] years; 281 women [57%];
461 White participants [93%]) were enrolled after exclusion criteria were applied. Baseline characteristics are presented in
Table 1. We compared the excluded sample (n = 63) to the
final sample (n = 497) and found them to be similar (eTable 1
in the Supplement). Among the 497 SAGES participants, delirium developed in 122 (25%) during hospitalization. The
patients who developed delirium were significantly more medically complex (55 of 122 [45%] vs 95 of 375 [25%] with a Charlson score37 ≥2; P < .001), were more cognitively impaired at
baseline (12 of 122 [10%] vs 15 of 375 [4%] with proxy Informant Questionnaire for Cognitive Decline in the Elderly score
>3.5; P = .01), and were higher health care users in the prior
6 months (mean [SD] total costs, $8880 [$25 168] vs $3959
[$10 181]; P = .002). Only 1 patient with and 6 patients without delirium died during 1-year follow-up, with no significant
differences in survival rate or time.
Adjusted cumulative health care costs per patient were significantly higher for those who developed incident delirium
(Reprinted) JAMA Surgery Published online February 24, 2021
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Table 1. Baseline Characteristics of Patients
No. (%)a
Delirium
Characteristic

Total cohort
(N = 497)

Yes
(n = 122)

No
(n = 375)

Age, mean (SD), y

76.8 (5.1)

77.5 (5.0)

76.6 (5.1)

Male sex, self-reported

216 (43)

52 (43)

164 (44)

White

461 (93)

110 (90)

351 (94)

Black or African American

26 (72)

7 (58)

19 (80)

Asian

2 (6)

0 (0)

2 (8)

Race/ethnicity

Native Hawaiian or Pacific Islander

1(3)

0 (0)

1 (4)

Hispanic

4 (11)

3 (25)

1 (4)

3 (8)

2 (17)

1 (4)

Education, mean (SD), y

Multiple races/ethnicities

14.9 (2.9)

14.7 (3.0)

14.9 (2.9)

Married (vs unmarried)

299 (60)

74 (61)

225 (60)

Lives alone (vs with others)

146 (29)

36 (30)

110 (29)

ADL score at baseline, mean (SD)

0.2 (0.7)

0.2 (0.6)

0.2 (0.8)

Any ADL impairment at baselineb

45 (9)

12 (10)

33 (9)

Abbreviations: ADL, activities of daily
living; ASA, American Society of
Anesthesiologists Physical Status
Classification System;
IQCODE, Informant Questionnaire
on Cognitive Decline in the Elderly;
3MS, Modified Mini-Mental
State Examination.
a

Values are listed as No. (%) unless
otherwise specified.

b

ADL scored 0-14 by patient
self-report, with higher scores
indicating impairment. Charlson
Comorbidity Score was calculated
based on diagnoses abstracted from
medical record review, scored from
0 to 35 with higher scores indicating
more comorbidity. ASA class36 was
abstracted from medical record
review, scored from 0 to 4. Costs
are in 2019 dollars.

c

Nonorthopedic surgeries include
general surgeries (laparoscopic and
open colectomy) and vascular
surgeries (lower extremity
revascularization and abdominal
aortic aneurysm repair). To observe
our federal confidentiality
agreement, these surgical types
must be combined to avoid cell
sizes <10.

Orthopedic surgery
Total knee replacement

175 (35)

35 (29)

140 (37)

Total hip replacement

105 (21)

14 (11)

91 (24)

Laminectomy (cervical and lumbar)

123 (25)

45 (37)

78 (21)

Nonorthopedic surgery (general and
vascular surgery)c

94 (19)

28 (23)

66 (18)

Charlson Comorbidity Scoreb

1.1 (1.3)

1.3 (1.4)

1.0 (1.2)

ASA class ≥3b

322 (65)

94 (77)

228 (61)

IQCODE >3.5 or 3MS ≤77b

30 (6)

13 (11)

17 (5)

Total health care costs, 6 mo before index
hospitalization, $ (SD)b

5167 (15 401)

8880 (25 168)

3959 (10 181)

Table 2. Adjusted Health Care Costs per Patient Associated With Incident Deliriuma
Delirium, mean (95% CI)
Measure

Yes
(n = 122)

No
(n = 375)

Mean difference

P value

82 431 (70 848-95 908)

62 104 (54 132-71 250)

20 327

<.001

Cumulative total costs, $
Index hospitalization
Time after discharge
30 d

99 676 (85 577-116 097)

71 599 (62 223-82 387)

28 077

<.001

90 d

108 978 (90 596-131 091)

74 644 (63 096-88 306)

34 334

<.001

1y

130 816 (105 676-161 937)

86 525 (71 122-105 264)

44 291

<.001

Period-specific costs, $

a

Index hospitalization

82 431 (70 848-95 908)

62 104 (54 132-71 250)

20 327

<.001

Discharge to 30 d

13 526 (8767-20 870)

7600 (5007-11 537)

5926

.001

30 to 90 d

7351 (2262-23 887)

2467 (904-6737)

4884

.01

90 d to 1 y

22 636 (11 240-45 589)

11 780 (6032-23 005)

10 856

.01

Results are reported in 2019 dollars, adjusted for age, male sex, education,
non-White race/ethnicity, Charlson Comorbidity Score, Informant
Questionnaire on Cognitive Decline in the Elderly score >3.5 or Modified
Mini-Mental State Examination score ⱕ77, surgical site, surgery type
(total knee replacement, total hip replacement, lumbar laminectomy,

compared with those who did not at all time points (mean
costs at 30 days after discharge, $99 676 [95% CI, $85 577$116 097] vs $71 599 [95% CI, $62 223-$82 387]; at 90 days after discharge, $108 978 [95% CI, $90 596-$131 091] vs $74 644
[95% CI, $63 096-$88 306]; and at 1 year after discharge,
E4

cervical laminectomy, open colectomy, lower extremity revascularization,
abdominal aortic aneurysm repair, laparoscopic colectomy), American
Society of Anesthesiologists Physical Status Classification System score ⱖ3,
and total costs 6 months before index hospitalization; using generalized
linear models.

$130 816 [95% CI, $105 676-$161 937] vs $86 525 [95% CI,
$71 122-$105 264]) (Table 2). At 1-year follow-up, patients who
developed delirium accumulated an adjusted mean $44 291
(P < .001) more health care costs compared with those without delirium. Period-specific costs were also significantly
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Table 3. Adjusted Health Care Costs per Patient Associated With Delirium Severitya
Delirium severity groups, peak CAM-S, mean (95% CI)b
None-mild: 0-2
(n = 212)

Moderate: 3-7
(n = 223)

Severe: 8-19
(n = 62)

P valuec

62 608 (54 003-72 584)

66 255 (57 746-76 017)

90 700 (75 772-108 570)

<.001

30 d

69 802 (59 923-81 310)

80 286 (69 681-92 505)

105 926 (88 205-127 208)

<.001

90 d

73 107 (60 883-87 787)

83 519 (70 475-98 978)

117 646 (94 474-146 500)

<.001

1y

83 534 (67 300-103 683)

99 756 (81 683-121 829)

140 008 (108 227-181 123)

<.001

Index hospitalization

62 608 (54 003-72 584)

66 255 (57 746-76 017)

90 700 (75 772-108 570)

<.001

Discharge to 30 d

6384 (4079-9989)

10 271 (6821-15 466)

13 200 (7940-21 945)

.003

30 to 90 d

2236 (700-7138)

2480 (871-7062)

8267 (2312-29 560)

.06

90 d to 1 y

10 330 (4956-21 529)

16 199 (8335-31 482)

23 776 (10 383-54 444)

.02

Measure
Cumulative total costs, $
Index hospitalization
Time after discharge

Period-specific costs, $

replacement, lumbar laminectomy, cervical laminectomy, open colectomy,
lower extremity revascularization, AAA repair, laparoscopic colectomy),
ASA score ⱖ3, and total costs 6 months before index hospitalization; using
generalized linear models.

Abbreviations: AAA, abdominal aortic aneurysm; ASA, American Society of
Anesthesiologists Physical Status Classification System; CAM-S, Confusion
Assessment Method–Severity; IQCODE, Informant Questionnaire on Cognitive
Decline in the Elderly; 3MS, Modified Mini-Mental State Examination.
a

Results are reported in 2019 dollars, adjusted for age, male sex, education,
non-White race/ethnicity, Charlson Comorbidity Score, IQCODE score >3.5 or
3MS score ⱕ77, surgical site, surgery type (total knee replacement, total hip

higher in all periods for patients with delirium vs those without (mean cost for discharge to 30 days, $13 526 [95% CI, $8767$20 870] vs $7600 [95% CI, $5007-$11 537]; for 30-90 days,
$7351 [95% CI, $2262-$23 887] vs $2467 [95% CI, $904$6737]; and for 90 days to 1 year, $22 636 [95% CI, $11 240$45 589] vs $11 780 [95% CI, $6032-$23 005]). The adjusted
mean differences were highest for the index hospitalization
costs (adjusted mean difference = $20 327; P < .001) and relatively lower for the discharge to 30-day costs ($5926; P = .001),
30- to 90-day costs ($4884; P = .01), and 90-day to 1-year costs
($10 856; P = .01). Thus, patients with delirium consistently cost
more to the health care system with significantly higher costs
in all time periods. The unadjusted analyses for costs of incident delirium appear in eTable 2 in the Supplement.
When stratified by delirium severity, mean adjusted health
care costs increased directly with degree of severity (Table 3)
from none to mild delirium (peak CAM-S score 0-2) to moderate delirium (peak CAM-S score 3-7) and to severe delirium
(peak CAM-S score 8-19). Cumulative total costs demonstrated significant increases across the severity groups, with
the largest cost differences at 1 year following surgery (adjusted mean costs for groups with none to mild delirium were
$83 534 [95% CI, $67 300-$103 683]; for moderate delirium,
$99 756 [95% CI, $81 683-$121 829]; and for severe delirium,
$140 008 [95% CI, $108 227-$181 123]; P < .001). For periodspecific costs, significant increasing mean costs were demonstrated across delirium severity groupings for index hospitalization (none-mild, $62 608 [95% CI, $54 003-$72 584];
moderate, $66 255 [95% CI, $57 746-$76 017]; and severe,
$90 700 [95% CI, $75 772-$108 570]; P < .001). Although values increased across delirium severity groupings for other time
periods, results were generally not statistically significant. The
unadjusted analyses for costs of delirium stratified by severity appear in eTable 3 in the Supplement.
jamasurgery.com

b

Peak CAM-S groups derived from CAM-S long form.

c

P values for trend.

Attributable costs (adjusted mean differences) are presented in the Figure for incident delirium and for delirium severity (severe vs none-mild severity groups) for 1 year after surgery. The excess cumulative costs attributable to delirium were
$44 291 (95% CI, $34 554-$56 673) for incident delirium and
$56 474 (95% CI, $40 927-$77 440) for severe delirium over
1 year. Extrapolating nationally, the health care costs attributable to postoperative delirium were estimated at $32.9 billion (95% CI, $25.7 billion-$42.2 billion) per year.38-40
We examined categories of health care costs to determine their relative contributions to the increased total health
care costs in patients with delirium (eTable 4 in the Supplement). For patients who developed delirium, adjusted mean
differences in cumulative costs at 1 year were highest for inpatient costs ($36 404; P < .001) with approximately half of
these costs due to the initial index hospitalization, where patients with delirium had longer lengths of stay (mean [SD] days,
6.9 [5.6] vs 4.8 [2.2]; P < .001), higher rates of ICU stay (19 of
122 [16%] vs 15 of 375 [4%]; P < .001), and longer ICU duration
(1.3 [5.5] vs 0.1 [0.9] days; P < .001) compared with patients
without delirium. The next highest cost category at 1 year after discharge was for postacute rehabilitation facility stays
(mean difference, $4986; P = .02). Adjusted mean differences in outpatient and home health care costs were small and
not statistically significant. During 1-year follow-up, patients
in the delirium group (n = 122) compared with the nondelirium group (n = 375) had significantly more rehospitalizations (65 of 122 [53%] vs 116 of 375 [31%]; P < .001) and postacute rehabilitation stays (64 of 122 [52%] vs 135 of 375 [36%];
P = .001). Moreover, in the period from 90 days to 1 year, the
rates of rehospitalization (34 of 122 [28%] vs 67 of 375 [18%];
P = .02) and postacute rehabilitation stays (15 of 122 [12%] vs
18 of 375 [5%]; P = .04) remained significantly higher in the
delirium group. To adjust for survival time, we performed sen(Reprinted) JAMA Surgery Published online February 24, 2021
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Figure. Attributable Costs Due to Incident Delirium and Delirium Severity
(Adjusted Mean Differences, 95% Confidence Intervals)
B

Delirium severity
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Adjusted mean costs, $, thousands

Adjusted mean costs, $, thousands

A Incident delirium
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Delirium–no delirium
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Time after surgery, d

Time after surgery, d

sitivity analysis using Cox regression models (eTable 5 in the
Supplement). We also conducted sensitivity analyses adding
in prorated Part B hospice and durable medical equipment
costs (eTable 6 in the Supplement). The results and conclusions remained unchanged across these sensitivity analyses.
The details of the generalized linear regression models for all
analyses appear in eTable 7 in the Supplement (incident
delirium), eTable 8 in the Supplement (delirium severity),
and eTables 9 to 12 in the Supplement (individual models for
cost categories).

Discussion
Results of this study suggest that delirium after elective surgery was associated with significant increases in cumulative
health care costs from hospital admission through 1 year followup. The adjusted cumulative costs attributable to delirium originated from the index hospitalization, subsequent rehospitalizations, and postacute rehabilitation stays. Increases in health
care costs were directly and significantly associated with delirium severity, supporting an exposure-response relationship. Because the presence and severity of delirium have been
directly associated with adverse clinical outcomes in our prior
work,32,41 it is not surprising that they may be contributing to
increased health care costs.
Following Leslie et al,12 and assuming that incident delirium complicates hospital stays for 25% of the 3 million older
adults hospitalized for elective surgery each year in the US, our
results suggest that total direct 1-year health care costs attributable to postoperative delirium were approximately $32.9 bilE6

365

90

lion (95% CI, $25.7-$42.2 billion) per year extrapolating nationally (eFigure 2 in the Supplement). 38-40 By comparison,
estimates of US health care costs for other conditions range from
$6 billion for hip fracture42 to $34 billion for nonfatal falls,43
$248 billion for diabetes,44 and $357 to $363 billion for cardiovascular disease.45 Thus, postoperative delirium appears to be
a major contributor to health care costs, rivaling other wellrecognized conditions for which more resources are routinely
directed. Given the documented effectiveness of delirium prevention strategies,5 some of these costs may be avoidable.
Because delirium is associated with many adverse shortterm and long-term outcomes, the substantial contributions
to health care costs are not surprising. However, the exact
mechanisms leading to these increased costs warrant further
investigation. Our results suggest that delirium was associated with an increase in the acuity and duration of hospitalization, resulting in increased costs from greater daily expenditures, ICU stays, longer lengths of stay, and higher rates of
rehospitalization and institutionalization.

Strengths and Limitations
This study has a number of noteworthy strengths, including
rigorous longitudinal follow-up over 1 year with detailed clinical information and comprehensive service use and cost data.
We used standardized, validated delirium assessments daily
throughout hospitalization. The study examined costs associated with delirium across a wide range of services (inpatient, emergency department, outpatient, postacute rehabilitation stay, home health care, etc) over a full year after hospital
discharge. With complete follow-up, there were no missing data
on any key study outcomes or covariables.
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Attributable costs (adjusted mean
differences) are presented for
incident delirium (A) (delirium vs no
delirium) and for delirium severity (B)
(severe vs none-mild severity groups)
through 1 year after surgery. The
excess cumulative costs attributable
to incident delirium are $44 291 (95%
CI, $34 554-$56 673). The excess
cumulative costs attributable to
severe delirium are $56 474 (95% CI,
$40 927-$77 440). The shaded area
represents 95% CI.
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This study has some limitations. First, our costs reflected
those incurred by an older elective surgical population with
hospitalization and may not reflect the entire older surgical
population. Second, medications and polypharmacy are wellknown risk factors for delirium in the hospital, but we did not
have medication cost data. Exploring mediating factors leading to the association of delirium with high costs will be an
important area for future research. Third, cost estimates were
derived from 2 medical centers in a single city, and thus the
results may not generalize to other sites. This particular
caveat may be less of a concern, because our findings were
based on mean differences in costs between patients with
and without delirium rather than absolute costs. Similarly,
our cohort was made up of mostly White patients who were
English-speaking, well-educated, and residing close to the
urban Boston area. As such, additional studies are needed in
the future with more heterogeneous health care systems and
diverse participants to further corroborate our findings. Comparable with other studies based on Medicare data, approximately 11% of our cohort participated in Medicare managed
care plans, and their costs were not available. The group of
excluded patients was similar in baseline characteristics to
the included group. In addition, the cost estimates include
direct health care costs only and do not consider important
indirect costs which may be substantial, such as out-ofpocket expenses, job or productivity losses for the patient or
family members, informal caregiving costs, caregiver burden,
and reduced quality of life. This study was a prospective
cohort and not a randomized clinical trial; thus, we were
unable to calculate the cost savings per case of delirium prevented. We examined an elective surgery cohort that does
not include patients with coronavirus disease 2019 or those

ARTICLE INFORMATION
Accepted for Publication: December 9, 2020.
Published Online: February 24, 2021.
doi:10.1001/jamasurg.2020.7260
Author Affiliations: Aging Brain Center, Hinda and
Arthur Marcus Institute for Aging Research,
Hebrew SeniorLife, Boston, Massachusetts (Gou,
Hshieh, Travison, Fong, Schmitt, Inouye); Division
of Aging, Department of Medicine, Brigham and
Women’s Hospital, Boston, Massachusetts
(Hshieh); Harvard Medical School, Boston,
Massachusetts (Hshieh, Marcantonio, Cooper,
Travison, Fong, Abdeen, Lange, Earp, Inouye);
Division of General Medicine, Department of
Medicine, Beth Israel Deaconess Medical Center,
Boston, Massachusetts (Marcantonio); Department
of Surgery, Brigham and Women’s Hospital, Boston,
Massachusetts (Cooper); Department of Psychiatry
and Human Behavior, Warren Alpert Medical
School, Brown University, Providence, Rhode Island
(Jones); Department of Neurology, Warren Alpert
Medical School, Brown University, Providence,
Rhode Island (Jones); Department of Neurology,
Beth Israel Deaconess Medical Center, Boston,
Massachusetts (Fong); Department of Orthopedic
Surgery, Beth Israel Deaconess Medical Center,
Boston, Massachusetts (Abdeen); Department of
Orthopedic Surgery, Brigham and Women’s
Hospital, Boston, Massachusetts (Lange);
Department of Orthopedic Surgery, Brigham and
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which is not routinely done across all hospitals and thus
likely underestimates the true costs of delirium and severe
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Conclusions
This cohort study found that the economic outcomes of delirium and severe delirium after elective surgery were substantial, rivaling costs associated with those of cardiovascular disease and diabetes. These results suggest the need for
policy imperatives to address delirium as a large-scale public
health issue. It is our hope that these results on the high cost
of postoperative delirium will drive much-needed attention to
address this problem and, ultimately, to reduce its long-term
clinical and economic implications. We hope to encourage
health care leaders and policy makers to invest resources to
address this critically important area, especially in this era of
bundled health insurance payments. Future research is needed
to determine whether delirium prevention programs, such as
the cost-effective Hospital Elder Life Program,4 would be successful in reducing these delirium-related costs on a wide scale.
Given that the condition is increasing in magnitude with the
aging population worldwide, renewed efforts to prevent, detect, and manage delirium are urgently needed.
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