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IMPORTANCE Frail patients are known to have poor perioperative outcomes. There is a
paucity of literature investigating how the Modified Frailty Index (mFI), a validated measure
of frailty, is associated with unplanned readmission among military veterans following
surgery.

OBJECTIVE To understand the association between frailty and 30-day postoperative
unplanned readmission.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted among
adult patients who underwent surgery and were discharged alive from Veterans Affairs
hospitals for orthopedic, general, and vascular conditions between October 1, 2007, and
September 30, 2014, with a postoperative length of stay between 2 and 30 days.

EXPOSURE Frailty, as calculated by the 11 variables on the mFI.

MAIN OUTCOMES AND MEASURES The primary outcome of interest is 30-day unplanned
readmission. Secondary outcomes included any 30-day predischarge or postdischarge
complication, 30-day postdischarge mortality, and 30-day emergency department visit.

RESULTS The study sample included 236 957 surgical procedures (among 223 877 men and
13 080 women; mean [SD] age, 64.0 [11.3] years) from high-volume surgical specialties:
101 348 procedures (42.8%) in orthopedic surgery, 92 808 procedures (39.2%) in general
surgery, and 42 801 procedures (18.1%) in vascular surgery. The mFI was associated with
readmission (odds ratio [OR], 1.11; 95% CI, 1.10-1.12; R2 = 10.3%; C statistic, 0.71). Unadjusted
rates of overall 30-day readmission (26 262 [11.1%]), postdischarge emergency department
visit (34 204 [14.4%]), any predischarge (13 855 [5.9%]) or postdischarge (14 836 [6.3%])
complication, and postdischarge mortality (1985 [0.8%]) varied by frailty in a
dose-dependent fashion. In analysis by individual mFI components using Harrell ranking,
impaired functional status, identified as nonindependent functional status (OR, 1.16; 95% CI,
1.11-1.21; P < .01) or having a residual deficit from a prior cerebrovascular accident (OR, 1.17;
95% CI, 1.11-1.22; P < .01), contributed most to the ability of the mFI to anticipate readmission
compared with the other components. Acutely impaired sensorium (OR, 1.12; 95% CI,
0.99-1.27; P = .08) and history of a myocardial infarction within 6 months (OR, 0.93; 95% CI,
0.81-1.06; P = .28) were not significantly associated with readmission.

CONCLUSIONS AND RELEVANCE The mFI is associated with poor surgical outcomes, including
readmission, primarily due to impaired functional status. Targeting potentially modifiable
aspects of frailty preoperatively, such as improving functional status, may improve
perioperative outcomes and decrease readmissions.
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F railty is defined as a state of vulnerability with reduced
physiological reserves affecting the capacity to main-
tain or regain homeostasis when exposed to stressors,

such as surgery, that place patients at increased risks of ad-
verse health outcomes.1-8 There are various measures of frailty
in the literature, with most involving a phenotypic definition
and/or a compilation of deficits definition.3 The Modified
Frailty Index (mFI) is a deficit accumulation measure of frailty
validated across many surgical specialties.1,9 The mFI was de-
rived from the Canadian Study of Health and Aging Frailty
Index10 by matching its 70 variables to 11 comorbidity and
deficit variables from the American College of Surgeons’ Na-
tional Surgery Quality and Improvement Project (NSQIP).10-15

Frailty in surgical patients can exist independent of age and
may be important in addressing quality of care outcomes, spe-
cifically, readmission.

According to recent data, one-fifth of all hospitalized Medi-
care patients are readmitted within 30 days of discharge.16

Specifically, 15.6% of patients undergoing surgical care are read-
mitted within 30 days, with 2% mortality. Overall, 67.1% of pa-
tients who undergo medical treatment and 51.5% of patients who
undergo surgical treatment are readmitted or die within the first
year following index discharge. The Hospital Readmission Re-
duction Program was enacted through the Affordable Care Act
to reduce unplanned readmissions, given the excess cost to the
health care system.16,17 Currently, the Centers for Medicare &
Medicaid Services reimbursements are reduced for hospitals that
exceed higher-than-expected 30-day readmission rates for the
care of patients with congestive heart failure, myocardial in-
farction, pneumonia, chronic lung disease, joint replacement,
or cardiac surgery, with plans to expand penalties to additional
surgical cases. These financial penalties have increased efforts
to anticipate and therefore potentially prevent readmissions.4

The composite mFI score is associated with poor clinical
outcomes overall, but there remains a paucity of literature in-
vestigating how the mFI and its 11 individual components are
associated with unplanned readmission following surgery. We
hypothesized that the composite mFI would be associated with
30-day unplanned readmission and that each individual mFI
component would contribute differentially. In addition, we hy-
pothesized that the mFI would be associated with poor post-
operative outcomes in our population of military veterans.

Methods
This retrospective cohort study was conducted within the
Veterans Health Administration. Three high-volume surgical
specialties (orthopedic, general, and vascular surgery) per-
formed at 118 Veterans Affairs hospitals between October 1,
2007, and September 30, 2014, were included in the analysis.
This study was reviewed and approved by the Veterans
Affairs Central Institutional Review Board with a waiver of
informed consent.

Population and Data Sources
The analysis for this cohort study used data from the Veter-
ans Affairs Surgical Quality Improvement Program (VASQIP).

Veterans Affairs Surgical Quality Improvement Program vari-
able definitions, data integrity, procedure sampling, abstrac-
tion, and follow-up procedures have been described
elsewhere.18-21 General, vascular, and orthopedic surgical
procedures were identified and limited to procedures in which
the patient had a length of stay between 2 and 30 days. To
exclude patients not at risk for readmission, only patients dis-
charged alive were assessed.

Variables
The Veterans Affairs Corporate Data Warehouse domains were
queried to enhance data captured by the VASQIP, including
mental health diagnoses and sociodemographic factors such
as marital and insurance status. Patient laboratory values and
vital sign data closest to 30 days prior to surgery were ob-
tained, along with data throughout the perioperative course
until 30 days after hospital discharge. Any health care use
through an inpatient admission or emergency department visit,
within 6 months prior to surgery or 30 days after discharge,
was included. Perioperative patient- and procedure-specific
variables of interest included in this study have previously been
described.22

The main exposure of interest in this cohort study was
frailty as defined by the mFI. The mFI, as a continuous mea-
sure for modeling, is scored by assigning 1 point for each frailty
component present divided by the 11 possible comorbidities
or deficits assessed, for an accumulation of deficits ratio in-
dexed from 0 to 1 to account for missing variables.23 The 11 mFI
components derived from the VASQIP include the following:
(1) nonindependent functional status (partially or totally de-
pendent activities of daily living); (2) history of no diabetes or
diabetes controlled by diet alone, diabetes treated with oral an-
tihyperglycemic therapy, or diabetes treated with insulin
therapy; (3) history of chronic obstructive pulmonary disease
exacerbation or pneumonia within 30 days; (4) history of con-
gestive heart failure exacerbation within 30 days; (5) history
of myocardial infarction within 6 months; (6) history of an-
gina within 30 days or any percutaneous coronary interven-
tion or coronary artery bypass grafting; (7) hypertension
requiring medication; (8) history of peripheral vascular dis-
ease; (9) acutely impaired sensorium; (10) transient ischemic
attack or cerebrovascular accident without deficits; and (11)
cerebrovascular accident with deficits. Variables having mul-
tiple levels were simplified to a dichotomous variable, with any
positive findings clustered together. The mFI was examined

Key Points
Question What is the association between frailty, as defined by
the Modified Frailty Index, and 30-day unplanned readmission?

Findings In this cohort study, increasing Modified Frailty Index
scores were associated with 30-day unplanned readmission, with
impaired functional status contributing most to readmisson.

Meaning A preoperative frailty risk assessment with the Modified
Frailty Index may assist clinicians in identifying potentially
modifiable patient-level targets for perioperative intervention to
improve outcomes.
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as both a categorical and continuous (ratio) variable to exam-
ine potential nonlinear associations. We present the mFI as the
total number of components present, rather than as a ratio, for
ease of interpretation.

The main outcome of interest for this study was the occur-
rence of an unplanned inpatient readmission within 30 days fol-
lowing discharge after an index hospitalization for surgery.
When multiple operations occurred during the index hospital-
ization, the first procedure performed was analyzed. Readmis-
sions were defined as any subsequent inpatient stay following
surgical discharge identified using the Corporate Data Ware-
house inpatient domain. Unplanned readmissions were then
identified by International Classification of Disease, Ninth Re-
vision, Clinical Modification diagnosis and procedure codes in
the current Centers for Medicare & Medicaid Services planned
vs unplanned readmission algorithm.24 Secondary outcomes
include observed 30-day postoperative complications as defined
by the VASQIP, 30-day postdischarge use of the emergency
department, and 30-day postdischarge mortality.

Statistical Analysis
Univariate and bivariate statistics were used to describe the
population, with χ2 tests for categorical variables and 2-sided
t tests or Wilcoxon signed rank tests for continuous variables.
Multivariable logistic regression examined the association of
frailty with 30-day unplanned readmission using missing in-
dicators for any missing data. The base risk-adjusted model for
30-day unplanned readmission using perioperative patient-
level variables with 48 parameters used in this study is de-
scribed in a previously published study.22 The mFI was en-
tered into our base risk-adjusted model as a continuous index
variable to understand its association with readmission after
adjustment for known factors. Next, the individual compo-
nents of the mFI were entered into the base model only as
dummy variables. The Harrell ranking technique was used to
rank the relative contribution of the 11 individual mFI com-
ponents by calculating the difference between the χ2 for each
variable and its df.25 Variables with higher Harrell ranking con-
tribute more to a specified outcome than lower-ranked vari-
ables. Models were compared using adjusted R2 and C statis-
tics. All analyses and logistic modeling were completed using
SAS, version 9.4 (SAS Institute), with an a priori α = .05 con-
sidered statistically significant.

Results
The study sample included 236 957 procedures from high-
volume surgical specialties: 101 348 procedures (42.8%) in
orthopedic surgery, 92 808 procedures (39.2%) in general sur-
gery, and 42 801 procedures (18.1%) in vascular surgery. Pa-
tient demographics are those expected of a cohort of veterans
and are shown in Table 1. The prevalence of each component
within the mFI is shown in Figure 1; the 5 most common com-
ponents were hypertension requiring medication (166 965
[70.5%]), history of diabetes (62 082 [26.2%]), previous an-
gina or any percutaneous coronary intervention or coronary ar-
tery bypass surgery (40 572 [17.1%]), history of chronic obstruc-

tive pulmonary disease or pneumonia within 30 days (36 084
[15.2%]), and having a nonindependent functional status (24 653
[10.4%]). Patient characteristics by number of mFI compo-
nents are also shown in Table 1. Compared with patients with
no frailty, those with 3 or more mFI components (n = 51 780)
were more likely to be older than 65 years (10 385 [22.8] vs 28 458
[57.8%]; P < .001), have an American Society of Anesthesiolo-
gists class of 4 or more (1418 [3.0%] vs 16 155 [31.2%]; P < .001),
and be associated with more health care use within 6 months
prior to surgery through inpatient admissions (10 286 [21.8%]
vs 24 297 [46.9%]; P < .001) or emergency department visits
(16 046 [34.0%] vs 24 431 [47.2%]; P < .001). In general, men
were more likely than women to have a higher mFI. The frailty
component burden increased with age. Patients who were less
frail were admitted from community or outpatient areas, while
patients who were more frail (≥3 mFI components) were more
likely to be transferred from outside hospitals (1003 [1.9%]) and
nursing homes (1932 [3.7%]) (P < .001). Overall, patients with
higher frailty scores were more likely to be discharged to loca-
tions other than home. Furthermore, frailty varied by surgical
specialty, with patients who underwent vascular surgery hav-
ing more frailty components (median, 2 components; inter-
quartile range, 2-3 components) compared with those who un-
derwent general or orthopedic surgery (median, 1 component;
interquartile range, 1-2 components; P < .001). Patients with 3
or more frailty components experienced a longer postopera-
tive length of stay compared with patients who were less frail.

We observed less than 0.05% missing data (67 of 236 957)
for all 11 variables used to calculate mFI scores. There were
47 251 patients (19.9%) with 0 frailty components, 76 721 pa-
tients (32.4%) with 1 mFI component, 61 205 patients (25.8%)
with 2 mFI components, and 51 780 patients (21.9%) with 3 or
more mFI components, with most of this group having 3
components (31 357 [13.2%]). In our study, there were no pa-
tients at the highest end of the mFI (total of 10 or 11 frailty
components).

The overall readmission rate was 11.1% (n = 26 262), which
significantly varied by patient frailty in a linear fashion, shown
in Table 2 and Figure 2, with the lowest readmission rate (3722
[7.9%]) among patients with no frailty components and the
highest readmission rate (6 [42.9%]) among patients with 9
frailty components (P < .001). All frailty components were sig-
nificantly associated with unadjusted readmission rates and
other surgical outcomes (eTable in the Supplement). Simi-
larly, the unadjusted rates of emergency department use
(14.4% [n = 34 204]), any predischarge complication (5.9%
[n = 13 855]), postdischarge complication (6.3% [n = 14 836]),
and postdischarge mortality (0.8% [n = 1985]) varied by
patient frailty, with increasing rates observed in a dose-
dependent fashion.

The base risk-adjusted model of 30-day unplanned read-
mission used in this study, which examined contributions of
48 patient-level perioperative parameters (R2 = 10.4%; C sta-
tistic, 0.71), has been previously published.22 The mFI, as a con-
tinuous proportional variable, was associated with 30-day un-
planned readmission after adjusting for predischarge
complications, with an 11% increase in the odds of readmis-
sion for each incremental point in the mFI from 0 to 1 (odds
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Table 1. Patient Characteristics by Frailty

Characteristic Overall, Valuea

Modified Frailty Index

P Value
Median
(IQR) P Value

No. (%)b

0 1 2 ≥3
Overall, No. 236 957 1 (1-2) 47 251 76 721 61 205 51 780

Demographics

Age, y (n = 225 960)

19-34 3711 (1.6) 0 (0-0)

<.001

3147 (6.9) 481 (0.7) 71 (0.1) 12 (0.0)

<.00135-65 127 191 (56.3) 1 (0-2) 32 083 (70.3) 44 428 (60.8) 29 953 (51.6) 20 727 (42.1)

>65 95 058 (42.1) 2 (1-3) 10 385 (22.8) 28 149 (38.5) 28 066 (48.3) 28 458 (57.8)

Sex

Male 223 877 (94.5) 1 (0-2)
<.001

42 436 (89.8) 71 940 (93.8) 58 840 (96.1) 50 661 (97.8)
<.001

Female 13 080 (5.5) 1 (1-2) 4815 (10.2) 4781 (6.2) 2365 (3.9) 1119 (2.2)

Race/ethnicity (n = 215 191)

Black 34 590 (16.1) 1 (1-2)

<.001

6341 (13.4) 12 273 (16.0) 9063 (14.8) 6913 (13.4)

<.001

Hispanic 10 185 (4.7) 1 (1-2) 2273 (4.8) 3219 (4.2) 2762 (4.5) 1931 (3.7)

White 155 016 (72.0) 1 (1-2) 30 290 (64.1) 48 741 (63.5) 40 009 (65.4) 35 976 (69.5)

Other 2306 (1.1) 1 (0-2) 614 (1.3) 689 (0.9) 582 (1.0) 421 (0.8)

Unknown 13 094 (6.1) 1 (1-2) 2380 (5.0) 4339 (5.7) 3519 (5.8) 2856 (5.5)

BMI

<18.5 7774 (3.3) 2 (1-3)

<.001

1511 (3.2) 2109 (2.8) 1897 (3.1) 2257 (4.4)

<.00118.5-24.9 57 530 (24.3) 1 (1-2) 13 022 (27.6) 17 073 (22.3) 13 567 (22.2) 13 868 (26.8)

>24.9 171 653 (72.4) 1 (1-2) 32 718 (69.2) 57 539 (75.0) 45 741 (74.7) 35 655 (68.9)

ASA classification (n = 236 907)

1 1671 (0.7) 0 (0-0)

<.001

1541 (3.3) 100 (0.1) 16 (0.0) 14 (0.0)

<.001
2 41 310 (17.4) 1 (0-1) 19 523 (41.3) 16 656 (21.7) 4414 (7.2) 717 (1.4)

3 163 093 (68.8) 2 (1-2) 24 755 (52.4) 54 957 (71.6) 48 500 (79.3) 34 881 (67.4)

4 30 833 (13.0) 3 (2-4) 1418 (3.0) 4996 (6.5) 8264 (13.5) 16 155 (31.2)

Marital status (n = 236 709)

Married 110 601 (46.7) 1 (1-2)

<.001

20 362 (43.2) 35 724 (46.6) 29 593 (48.4) 24 922 (48.2)

<.001

Divorced 71 893 (30.4) 1 (1-2) 15 295 (32.4) 23 796 (31.0) 18 011 (29.5) 14 791 (28.6)

Separated 9034 (3.8) 1 (1-2) 1933 (4.1) 2887 (3.8) 2239 (3.7) 1975 (3.8)

Widowed 20 563 (8.7) 2 (1-3) 2279 (4.8) 6067 (7.9) 5999 (9.8) 6218 (12.0)

Single 24 618 (10.4) 1 (0-2) 7294 (15.5) 8179 (10.7) 5298 (8.7) 3847 (7.4)

Prior inpatient admission

No 166 012 (70.1) 1 (1-2)
<.001

36 965 (78.2) 58 489 (76.2) 43 075 (70.4) 27 483 (53.1)
<.001

Yes 70 945 (29.9) 2 (1-3) 10 286 (21.8) 18 232 (23.8) 18 130 (29.6) 24 297 (46.9)

Prior ED use

No 148 638 (62.7) 1 (1-2)
<.001

31 205 (66.0) 51 418 (67.0) 38 666 (63.2) 27 349 (52.8)
<.001

Yes 88 319 (37.3) 2 (1-3) 16 046 (34.0) 25 303 (33.0) 22 539 (36.8) 24 431 (47.2)

Index Hospital Characteristics

Admission source

Community 107 968 (45.6) 1 (1-2)

<.001

22 085 (46.7) 35 096 (45.7) 27 810 (45.4) 22 977 (44.4)

<.001

Outpatient 121 751 (51.4) 1 (1-2) 24 005 (50.8) 40 145 (52.3) 31 893 (52.1) 25 708 (49.7)

Transfer from other hospital 2730 (1.2) 2 (1-3) 532 (1.1) 583 (0.8) 612 (1.0) 1003 (1.9)

Nursing home or domiciliary 3419 (1.4) 3 (2-4) 258 (0.6) 546 (0.7) 683 (1.1) 1932 (3.7)

Nonveteran facility 732 (0.3) 1 (0-1) 291 (0.6) 273 (0.4) 125 (0.2) 43 (0.1)

Other 357 (0.2) 2 (1-3) 80 (0.2) 78 (0.1) 82 (0.1) 117 (0.2)

Discharge location

Community 207 401 (87.5) 1 (1-2)
<.001

43 334 (91.7) 68 606 (89.4) 53 636 (87.6) 41 825 (80.8)
<.001

Other 29 556 (12.5) 2 (1-3) 3917 (8.3) 8115 (10.6) 7569 (12.4) 9955 (19.2)

Surgery classification
(n = 236 937)

Elective 215 922 (91.1) 1 (1-2)
<.001

42 719 (90.4) 70 919 (92.4) 55 995 (91.5) 46 289 (89.4)
<.001

Emergency 21 015 (8.9) 2 (1-3) 4531 (9.6) 5798 (7.6) 5207 (8.5) 5479 (10.6)

(continued)
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ratio [OR], 1.11; 95% CI, 1.10-1.12; R2 = 10.3%; C statistic, 0.71).
In analysis of the mFI by the individual 11 components, im-
paired function, whether identified as nonindependent
functional status (OR, 1.16; 95% CI, 1.11-1.21; Harrell rank, 41.55;
P < .001) or having any residual deficit from a prior cerebro-
vascular accident (OR, 1.17; 95% CI, 1.11-1.22; Harrell rank, 37.74;
P < .001), contributes most to the ability of the mFI to antici-
pate readmission in this cohort (Table 3). Acutely impaired sen-
sorium (OR, 1.12; 95% CI, 0.99-1.27; Harrell rank, 2.08; P = .08)

and history of a myocardial infarction within 6 months (OR,
0.93; 95% CI, 0.81-1.06; Harrell rank, 0.19; P = .28) were not
significantly associated with readmission.

Discussion
Our national study of a large cohort of patients who under-
went orthopedic, general, or vascular surgery at Veterans

Figure 1. Population Prevalence of Frailty Components

0 8070

Patients, %
10 20 30 40 6050

Hypertension Requiring Medication

Dependent Functional Status

History of Diabetes

Previous PCI, CABG, or Angina

History of COPD or Pneumonia

Peripheral Vascular Disease

Cerebrovascular Accident With
Residual Deficit

History of CHF

Impaired Sensorium

History of MI Within 6 mo

TIA or Cerebrovascular Accident
Without Residual Deficit

The most common Modified Frailty
Index comorbidities include
hypertension requiring medication
and history of diabetes requiring
treatment with oral
antihyperglycemics or insulin.
CABG indicates coronary artery
bypass graft; CHF, congestive heart
failure; COPD, chronic obstructive
pulmonary disease; MI, myocardial
infraction; PCI, percutaneous
coronary intervention; and TIA,
transient ischemic attack.

Table 1. Patient Characteristics by Frailty (continued)

Characteristic Overall, Valuea

Modified Frailty Index

P Value
Median
(IQR) P Value

No. (%)b

0 1 2 ≥3
Operative type

Abdominal general surgery 92 808 (39.2) 23 041 (48.8) 30 430 (39.7) 23 574 (38.5) 15 763 (30.4)

Open 64 161 (69.1) 1 (1-2)
<.001

15 115 (65.7) 20 799 (68.4) 16 534 (70.2) 11 648 (74.0)
<.001

Laparoscopic 28 647 (30.9) 1 (0-2) 7905 (34.3) 9607 (31.6) 7033 (29.8) 4102 (26.0)

Vascular surgery 42 801 (18.1) 2027 (4.3) 7642 (10.0) 11 933 (19.5) 21 199 (40.9)

Open 35 478 (82.9) 3 (2-4)
<.001

1539 (75.9) 5809 (76.0) 9539 (79.9) 18 591 (87.7)
<.001

Endovascular 7323 (17.1) 2 (1-3) 488 (24.1) 1833 (24.0) 2394 (20.1) 2608 (12.3)

Orthopedic 101 348 (42.8) 22 183 (47.0) 38 649 (50.4) 25 698 (42.0) 14 818 (28.6)

Open 100 025 (98.7) 1 (1-2)
.002

21 858 (98.5) 38 251 (99.0) 25 380 (98.8) 14 536 (98.1)
<.001

Arthroscopic 1323 (1.3) 1 (1-2) 325 (1.5) 398 (1.0) 318 (1.2) 282 (1.9)

Operative time, mean (SD), h 2 (1.5) NA NA 2.4 (1.4) 2.5 (1.4) 2.5 (1.5) 2.5 (1.7) <.001

Work relative value unit, mean
(SD), U

20 (7.4) NA NA 19.4 (7.7) 20.2 (7.2) 19.8 (7.5) 18.6 (7.4) <.001

Postoperative length of stay,
mean (SD), d

6 (4.5) NA NA 5.1 (4.0) 5.5 (4.3) 5.9 (4.6) 6.5 (5.0) <.001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
ED, emergency department; IQR, interquartile range; NA, not applicable.
a Data are presented as number (percentage) of patients unless otherwise

indicated.

b Percentages represent the column percentages of nonmissing values.
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Affairs facilities shows that frailty measured by the mFI is
independently associated with 30-day unplanned readmis-
sion and that the individual components contribute to
30-day unplanned readmission to different degrees.
Increasing frailty was associated with increasing age, Ameri-
can Society of Anesthesiologists class of 3 and 4, widowed
marital status, prior health care use within 6 months of sur-
gery, preoperative admission source or postoperative dis-
charge location other than home, longer postoperative
length of stay, any 30-day postoperative complication, and
30-day postdischarge mortality. The association between
the mFI and readmission remained after adjusting for pre-
discharge complications.

Preoperative frailty has been associated with increased risk
of postoperative complications, prolonged hospital length of

stay with a need for discharge to a location other than home,
and mortality.2,3 A 2006-2013 national NSQIP study of 1193 pa-
tients undergoing surgery for head and neck cancer found that
the mFI was associated with postoperative complications but
not readmission or mortality.26 Another 2011-2013 NSQIP study
examined frailty in 4434 patients undergoing paraesopha-
geal hernia repair and found the mFI associated with dis-
charge destination locations other than home and with post-
operative complications, but not with readmission or
mortality.27 Our large multi-institutional study found an as-
sociation between frailty and readmission on adjusted analy-
ses, likely owing to the addition of more granular data on a
heterogeneous, high-risk patient population with higher re-
admission rates compared with these prior studies. Hall and
colleagues28 developed a Risk Analysis Index (RAI) derived

Table 2. Observed 30-Day Postoperative Outcomes by Frailty

Characteristic

Valuea (N = 236 957)

P Value
Unplanned
Readmission P Value ED Use P Value

In-Hospital
Complication P Value

Postdischarge
Complication P Value

Postdischarge
Mortality

Overall 26 262
(11.1)

NA 34 204
(14.4)

NA 13 855
(5.9)

NA 14 836
(6.3)

NA 1985
(0.8)

NA

Specialty

Orthopedic 7735
(7.6)

<.001

11 320
(11.2)

<.001

3213
(3.2)

<.001

4079
(4.0)

<.001

686
(0.7)

<.001General 11 930
(12.9)

16 009
(17.3)

8185
(8.8)

7161
(7.7)

890
(1.0)

Vascular 6597
(15.4)

6875
(16.1)

2457
(5.7)

3596
(8.4)

409
(1.0)

Modified Frailty
Indexb

Median (IQR) 2.0
(1-3)

<.001 2.0
(1-3)

<.001 2.0
(1-3)

<.001 2.0
(1-3)

<.001 3.0
(2-4)

<.001

Mean (SD) 2.0
(1.5)

<.001 1.7
(1.3)

<.001 1.9
(1.4)

<.001 2.1
(1.5)

<.001 2.7
(1.5)

<.001

Components
present, No.b

0 3722
(7.9)

<.001

6343
(13.4)

<.001

1998
(4.2)

<.001

1970
(4.2)

<.001

122
(0.3)

<.001

1 6816
(8.9)

10 188
(13.3)

3775
(4.9)

3738
(4.9)

346
(0.5)

2 6876
(11.2)

9011
(14.7)

3862
(6.3)

3879
(6.3)

501
(0.8)

3 4673
(14.9)

5071
(16.2)

2419
(7.7)

2727
(8.7)

480
(1.5)

4 2513
(18.6)

2373
(17.6)

1148
(8.5)

1473
(10.9)

300
(2.2)

5 1115
(22.5)

851
(17.2)

434
(8.8)

703
(14.2)

149
(3.0)

6 414
(27.0)

283
(18.5)

172
(11.2)

263
(17.2)

63
(4.1)

7 102
(29.1)

68
(19.4)

37
(10.5)

65
(18.5)

19
(5.4)

8 25
(36.2)

10
(14.5)

7
(10.1)

12
(17.4)

4
(5.8)

9 6
(42.9)

6
(42.9)

3
(21.4)

6
(42.9)

1
(7.1)

10 0 0 0 0 0

11 0 0 0 0 0

Abbreviations: ED, emergency department; IQR, interquartile range;
NA, not applicable.
a Data are presented as number (percentage) of patients unless otherwise

indicated. Percentages represent the column percentages of nonmissing
values.

b The Modified Frailty Index and its components are explained in the Variables
subsection of the Methods section.
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from
the Minimum Data Set Mortality Risk Index–Revised that
can be applied both prospectively (RAI-C) and retrospectively
(RAI-A), with similar outcomes as the mFI. Using 1021 Veterans
Affairs patients undergoing elective surgery, the RAI-C, RAI-A,
and mFI were associated with mortality (30 days, 6 months, and
1 year), having any complication, and Clavien-Dindo IV com-
plications. However, readmissions were not assessed.

Overall, postoperative readmissions are challenging to
anticipate, despite adequately powered studies with granu-
lar perioperative patient-level data.22,29 The addition of the

mFI provides a small incremental improvement in our over-
all abilcant and independent association. This study builds
on the literature by using administratively collected data to
examine outcomes 30 days after discharge, which may
occur beyond the traditional 30-day postsurgery period cur-
rently assessed by the VASQIP.

Preoperative frailty assessment provides an opportunity
to improve discussions between patients and clinicians sur-
rounding perioperative risk.3 Patient-level information
acquired at the time of surgery contributed most in models of
30-day surgical readmission in 2 recent large national
studies.22,29 Frailty assessment with the mFI can identify
potentially modifiable components of frailty for “prehabilita-
tion,” which is a “process enhancing one’s functional and
mental capacity to buffer against the potential deleterious
effects of a significant stressor”30(p966) and aims to optimize
patient comorbidities in physical, nutritional, and psychoso-
cial domains through multidisciplinary support and
education.31-33 A recent international consensus on frailty
recommends exercise (resistance and aerobic), nutritional
optimization (caloric, protein, and immunonutrition), and
reduction of polypharmacy to improve outcomes after
surgery.4 In addition, the American College of Surgeons
adopted the “Strong for Surgery” prehabilitation strategy in
recommending widespread implementation to address nutri-
tion, smoking cessation, glycemic control, and management
of polypharmacy preoperatively.34 The RAI by Hall et al28

focuses on patient factors, including general demographics,
comorbidities, cognition, preoperative residence, and func-
tional status through activities of daily living. Their index
weighs significantly on functional status, with those having
partially or totally dependent deficits in activities of daily liv-
ing scoring higher in frailty; however, their analyses do not
identify which components contribute most toward surgical

Figure 2. Observed 30-Day Postoperative Outcomes by Frailty
Component Burden
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No patients in this cohort experienced more than 9 frailty components (10 and
11 not pictured). Observed rates of 30-day postoperative outcomes, including
unplanned readmission, emergency department (ED) use, any predischarge or
postdischarge complication, and postdischarge mortality, increase as frailty
components accumulate. The Modified Frailty Index and its components are
explained in the Variables subsection of the Methods section.

Table 3. Risk-Adjusted Model of Unplanned Readmission

Characteristic

Base Model
(Morris et
al22)

Base Model + mFI,
OR (95% CI)

Base Model + mFI
Components,
OR (95% CI)a

Harrell Ranking,
χ2 (df) P Value

mFI (composite) NA 1.11 (1.10-1.12) NA NA <.001

Dependent functional status NA NA 1.16 (1.11-1.21) 41.55 <.001

CVA with residual deficit NA NA 1.17 (1.11-1.22) 37.74 <.001

Previous PCI, CABG, or angina NA NA 1.11 (1.08-1.15) 35.22 <.001

History of diabetes requiring oral or insulin therapy NA NA 1.10 (1.06-1.13) 32.39 <.001

History of COPD or pneumonia NA NA 1.11 (1.07-1.15) 30.76 <.001

Peripheral vascular disease NA NA 1.13 (1.08-1.19) 24.54 <.001

TIA or CVA without residual deficit NA NA 1.16 (1.09-1.23) 22.13 <.001

Hypertension requiring medication NA NA 1.07 (1.04-1.11) 16.51 <.001

History of congestive heart failure NA NA 1.13 (1.01-1.25) 3.59 .03

Impaired sensorium NA NA 1.12 (0.99-1.27) 2.08 .08

History of MI within 6 mo NA NA 0.93 (0.81-1.06) 0.19 .28

R2, % 10.02 10.26 10.28 NA NA

C statistic 0.703 0.705 0.705 NA NA

Abbreviations: CABG, coronary artery bypass grafting surgery; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; mFI, Modified
Frailty Index; MI, myocardial infarction; NA, not applicable; PCI, percutaneous
coronary intervention; TIA, transient ischemic attack.

a The Modified Frailty Index and its components are explained in the Variables
subsection of the Methods section.
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outcomes. Further investigation is warranted to determine
whether functional status could be modifiable and targeted
to improve perioperative outcomes.

The mFI is an additional useful tool to screen frailty pro-
spectively; however, we acknowledge that the mFI is a mea-
sure of comorbidities plus functional status, which supports
the idea that frailty is a sum of cumulative deficits.12,13 It re-
mains unclear how the mFI compares with other proven pro-
spective assessments of frailty. The strength of the mFI is that
it is inexpensive, easy to calculate, and can be calculated pro-
spectively or retrospectively. Some prospective measures of
frailty, including grip strength, Timed Up and Go, the Fried as-
sessment, and sarcopenia assessments, require more ex-
pense, space, time, or special equipment and cannot be mea-
sured retrospectively.11 According to a comprehensive
systematic review of 20 frailty instruments, no criterion stan-
dard exists for true comparison between measures given
heterogeneous frailty definitions of varying subpopulations.35

Because frailty can exist apart from comorbidity,3 the ability
of the mFI to anticipate readmission was mostly signaled by
impaired functional status. A consensus is needed within the
surgical community to standardize how frailty and func-
tional status are best measured both preoperatively and ret-
rospectively.

Limitations
Our study presents an association between readmission and
poor perioperative outcomes among frail patients on a na-

tional scale. However, it is not without its limitations. This
study is an observational retrospective analysis using admin-
istrative and nurse-abstracted data and cannot assign causa-
tion. Physicians poorly document functional status, and clini-
cal nurse abstractors frequently rely on the presence of durable
medical equipment, such as walkers or wheelchairs, to aid in
this assessment. In addition, while we attempted to control for
all clinically and statistically significant confounders, includ-
ing age, in our final model, it is possible that residual con-
founding may remain. The associations and effect of frailty on
surgical readmissions presented here are limited to a sample
of mostly white, male patients undergoing elective orthope-
dic, general, or vascular surgical procedures within the Vet-
erans Affairs Health Care system and may not be generaliz-
able to other patient populations or to surgical procedures not
mentioned here.

Conclusions
Frailty as identified by the mFI is associated with unplanned
readmission in a large cohort of military veterans. The mFI
components contribute differentially even after adjusting
for predischarge complications and other information known
to the clinician at the time of discharge. Future work should
examine the elements of the mFI to determine whether they
can be modified preoperatively to improve postoperative
outcomes.
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Invited Commentary

Frailty—Going From Measurement to Action
Elizabeth C. Wick, MD; Emily Finlayson, MD, MHA

Wahl et al1 report on the Modified Frailty Index, a frailty screen
modified to allow for measurement within existing surgical data
collection structures. While numerous studies have docu-
mented the impact of frailty on clinical and functional out-

comes after surgery, the au-
thors should be commended
for their rigorous and de-

tailed study, which demonstrates that the Modified Frailty In-
dex is associated with increased health care resource use after
discharge including 30-day readmissions. The proportion of
adults aged 65 years and older continues to grow rapidly, and
elderly individuals consume a high portion of health care re-
sources (medical and surgical). Emerging data demonstrate that
preoperative comprehensive geriatric assessment and optimi-
zation reduce medical and surgical complications, reduce length

of stay, and decrease the likelihood of being discharged to a
higher level of dependency.2 Inpatient multicomponent de-
lirium prevention pathways reduce delirium and prevent falls
in elderly patients.3 Therefore, there is an imperative to go be-
yond screening to focusing on developing effective interven-
tions to promote high-value surgical care that is efficient, safe,
and allows frail older adults to achieve their treatment goals.

We need to incentivize integrated care delivery models for
elderly surgical patients that break down silos between sur-
gery, nursing, anesthesia, geriatrics, rehabilitation, and so-
cial work, among other disciplines, and foster an environ-
ment where evidence-based surgical care of older adults is
delivered by transdisciplinary teams who are both partnered
with and held accountable by senior leaders. Although peri-
operative organizational culture has been slow to change,4 the
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