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ABSTRACT
Background: Frailty is associated with adverse postoperative outcomes, but
it remains unclear which measure of frailty is best. This study compared two
approaches: the Modified Frailty Index, which is a deficit accumulation model
(number of accumulated deficits), and the Hopkins Frailty Score, which is a phenotype model (consisting of shrinking, weakness, exhaustion, slowness, and low
physical activity). The primary aim was to compare the ability of each frailty score
to predict prolonged hospitalization. Secondarily, the ability of each score to predict 30-day readmission and/or postoperative complications was compared.

Methods: This study prospectively enrolled adults presenting for preanesthesia evaluation before elective noncardiac surgery. The Hopkins Frailty
Score and Modified Frailty Index were both determined. The ability of each
frailty score to predict the primary outcome (prolonged hospitalization) was
compared using a ratio of root-mean-square prediction errors from linear
regression models. The ability of each score to predict the secondary outcome
(readmission and complications) was compared using ratio of root-meansquare prediction errors from logistic regression models.
Results: The study included 1,042 patients. The frailty rates were 23%
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(Modified Frailty Index of 4 or higher) and 18% (Hopkins Frailty Score of 3 or
higher). In total, 12.9% patients were readmitted or had postoperative complications. The error of the Modified Frailty Index and Hopkins Frailty Score in
predicting the primary outcome was 2.5 (95% CI, 2.2, 2.9) and 2.6 (95% CI,
2.2, 3.0) days, respectively, and their ratio was 1.0 (95% CI, 1.0, 1.0), indicating similarly poor prediction. Similarly, the error of respective frailty scores
in predicting the probability of secondary outcome was high, specifically 0.3
(95% CI, 0.3, 0.4) and 0.3 (95% CI, 0.3, 0.4), and their ratio was 1.00 (95%
CI, 1.0, 1.0).
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EDITOR’S PERSPECTIVE
What We Already Know about This Topic
• Frailty is not uncommon in the surgical population, with reported
incidences of 2 to 45%, depending on the assessment used and
the population assessed
• Frailty has been associated with adverse outcomes after a variety of
surgical procedures, elective or emergent, and in different age groups
• Frailty can be assessed with various approaches and measurement
tools

What This Article Tells Us That Is New
• The Hopkins Frailty Score (a phenotype model) and the Modified
Frailty Index score (a measure of deficit accumulation) were both
poor predictors of unexpected prolonged hospital stay and a composite of readmission and serious complications

F

railty denotes an increased vulnerability or a diminished
capacity to cope with external stressors. The pathophysiology of this poorly characterized and complex clinical

Conclusions: The Modified Frailty Index and Hopkins Frailty Score were
similarly poor predictors of perioperative risk. Further studies, with different
frailty screening tools, are needed to identify the best method to measure
perioperative frailty.
(ANESTHESIOLOGY 2020; 132:82–94)

syndrome remains poorly understood, but it is often attributed
to reduced physiologic reserve. Frailty has been associated
with adverse outcomes after a variety of surgical procedures, elective or emergent, and in different age groups.1–4
The reported incidence of frailty among patients presenting
for noncardiac surgery ranges from 2 to 13%, depending on
the frailty assessment tool used and definition thresholds.5,6
The incidence of frailty is substantial in high-risk populations, including patients having emergency surgery (26%)7
and elderly patients having major orthopedic surgery (41%).8
Initially, frailty measurement tools were constructed to
predict mortality and other adverse events such as falls,
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Deficit Accumulation and
Phenotype Assessments
of Frailty Both Poorly
Predict Duration of
Hospitalization and
Serious Complications
after Noncardiac Surgery

Preoperative Frailty Assessment

Materials and Methods
Adults presenting to the Preoperative Anesthesia
Consultation and Evaluation Clinic at the Cleveland Clinic
(Cleveland, Ohio) Main Campus were considered for
inclusion into this prospective observational cohort study.
Approval for this study was obtained from the Cleveland
Clinic Institutional Review Board.
Patients scheduled for noncardiac surgery at our institution
are initially triaged using a model adapted from the American
College of Cardiology (Washington, D.C.) and American
Heart Association (Dallas,Texas) guidelines based classification
of surgical risk and an online health survey score, HealthQuest,
developed by the Department of General Anesthesiology,
Cleveland Clinic, Cleveland, Ohio.23 Using this process, about
half of our surgical patients are triaged to be evaluated at the
preoperative evaluation clinic (appendix 1).
Patients at the preoperative clinic are arbitrarily assigned
to evaluation by registered nurses trained in preoperative
evaluation or anesthesiology residents, both supervised by
an attending anesthesiologist. Frailty assessments are not

routinely conducted. Three of the preoperative nurses were
trained to administer a study-specific questionnaire and
collect data for calculation of the Hopkins Frailty Score. All
patients presenting to these specific trained providers were
included in the study. Because frailty assessment is a recommended part of preoperative assessment for patients, based
on American College of Surgeons (Chicago, Illinois) best
practice guidelines, written informed consent was waived
by the Institutional Review Board. However, patients were
given written information about the study and had the
option not to participate (appendix 2). Verbal consent was
obtained by the nurse who did the assessment.
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disability, and hospitalization among community-dwelling
elders.9–12 Such assessment tools have been extended to
characterize frailty in the perioperative setting.4 However,
the best method to assess perioperative frailty remains
unknown,13 perhaps explaining why frailty is not routinely
used for perioperative risk stratification.14
There are two broad approaches to characterizing frailty.15
The first, and best studied, is the deficit accumulation model.
This approach assumes that frailty occurs due to accumulation
of multiple deficits across various domains.11 The Modified
Frailty Index is a deficit accumulation model based on the proportion of comorbidities present in a patient.16,17 It is typically
calculated with data from the patient’s medical record or from
a perioperative clinical database. The second approach is the
phenotype model, which defines frailty as a clinical syndrome,
determined by quantitatively measuring five clinical features:
shrinking, weakness, exhaustion, slowness, and low physical-activity level.12 These variables are rarely recorded during preoperative assessments and are thus not readily available in electronic
records.A perioperative example is the Hopkins Frailty Score.18
Both the Modified Frailty Index and the Hopkins
Frailty Score predict adverse outcomes after surgery.1,5,18–22
It is unclear, however, which paradigm of frailty assessment
better assesses perioperative risk. Because there is no gold
standard to validate these frailty assessment tools, comparison of their abilities to predict adverse postoperative outcomes would be most useful. Thus, the primary aim of this
study was to compare the Modified Frailty Index and the
Hopkins Frailty Score on their ability to predict prolonged
hospitalization, measured as the difference between actual
and expected surgery-specific postoperative length of stay.
Secondarily, we compared these two tools on their ability to
predict the secondary outcome, a composite of 30-day readmission and various serious postoperative complications.

Measurements
The Modified Frailty Index includes 11 variables (table 1).
The occurrence of each variable, except New York Heart
Association (New York, New York) functional classification, was determined based on International Classification of
Diseases (9th or 10th revision)–based billing codes for each
variable associated with the surgical hospitalization. These data
were retrieved from the Cleveland Clinic Perioperative Health
Documentation System registry once all patients were recruited.
This registry captures perioperative data for all patients undergoing surgery at Cleveland Clinic.The functional classification
was assessed by the interviewer during the preoperative visit
and documented in our REDCap study database.
The Hopkins Frailty Score includes five components, specifically shrinking, exhaustion, low physical activity, slowed
walking speed, and weakness (fig. 1).12,18 Each component is
given a score of 1 when present, and the cumulative score forms
the Hopkins Frailty Score for each patient. Physical activity
was measured based on the short version of the Minnesota
Leisure Time Activity questionnaire.24 Grip strength was measured using the dominant hand with a hand-held dynamometer (Sammons Preston Rolyan, Jamar Technologies, USA).
Weakness was defined as a reduction in grip strength based on
sex and body mass index–based normative data. Similarly, slow
walking speed was determined based on normative data for sex
and height. An average of three consecutive measurements was
used to determine the presence of slowed walking speed and
a reduction in grip strength. Normative data–based cutoffs for

Table 1. Components of Modified Frailty Index
1. History of diabetes mellitus
2. New York Heart Association functional classification 2 or more
3. History of chronic obstructive pulmonary disease or pneumonia
4. History of congestive heart failure
5. History of myocardial infarction
6. History of percutaneous coronary intervention, prior cardiac surgery, or
angina
7. History of hypertension requiring medication
8. History of peripheral vascular disease or ischemic rest pain
9. History of impaired sensorium
10. History of transient ischemic attack or cerebrovascular accident
11. History of cerebrovascular accident with neurologic deficit
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walking speed and grip strength used in the Hopkins Frailty
Score are reported in figure 1.
The Hopkins Frailty Score assessments were entered into
an iPad (Apple, Inc., USA) during the preoperative visit and
transmitted to our online REDCap study database.They were
thus not incorporated into the electronic medical record.
Patients with a Hopkins Frailty Score of 3 or more are classified as frail.12,25 Among various cutoffs used to designate frailty
based on the Modified Frailty Index, the score of 4 or higher
out of 11 is most commonly reported.6,26 However, both scores
were considered as continuous variables for our analyses.
The primary and secondary outcomes were calculated based on data retrieved from the Cleveland Clinic
Perioperative Health Documentation System registry. Length
of stay for our study was defined as the total number of postoperative days spent in the hospital. When patients were
released from the hospital on the day of surgery, we assigned
patient length of stay to be 1 day. Length of stay is influenced by two relevant non–patient-related factors: the type
of surgery and hospital-related factors. To adjust for these
confounders, our primary outcome—prolonged hospitalization—was defined as the difference between the actual and
expected length of hospitalization (prolonged hospitalization
= actual length of stay – expected length of stay). The actual
length of stay was the true postoperative length of hospitalization for each patient in our cohort. The expected length
of stay (hospital- and surgery-specific) for a patient was estimated based on the median length of postoperative hospitalization for all adults between January 1, 2010 and December

31, 2015 who had same procedure according to the Current
Procedural Terminology procedure code at our institution.
The secondary outcome was a binary composite that
included 30-day complications and 30-day readmission
after the noncardiac surgery. Postoperative complications
were defined a priori based on the postoperative morbidity survey described by Bennett-Guerrero et al.27 and the
Agency for Healthcare Research and Quality reported postoperative complications (table 2) and were retrieved from
the Cleveland Clinic Perioperative Health Documentation
System registry using International Classification of
Diseases (9th or 10th revision)–based codes for surgical
admission or readmission within 30 days. Because all postoperative complications that might occur in frail patients
are unknown, we included readmission as an outcome
because it captures various serious events. The occurrence
of 30-day readmission was captured from the Cleveland
Clinic Perioperative Health Documentation System registry, which included readmission to any Cleveland Clinic
Health System hospital.

Statistical Analysis
Primary Analysis. For the first simplified description of the
relationship between the Modified Frailty Index and Hopkins
Frailty Score, we used the Pearson correlation coefficient;
Fisher’s z transformation was used to report confidence limits
on the correlation coefficient. The analysis described below
addressed the primary aim of the study comprehensively.
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Fig. 1. Assessment criteria for calculating Hopkins Frailty Score. Reprinted from Journal of American College of Surgeons, 210(6), Makary

Preoperative Frailty Assessment

Table 2. Components of the Secondary Outcome Composite
Definition

Cardiovascular
Pulmonary

Acute heart failure, acute myocardial infarction,* cardiac arrest requiring cardiopulmonary resuscitation
Acute respiratory failure requiring mechanical ventilation (invasive or noninvasive ventilation), pneumonia, pulmonary edema, pulmonary embolism
Anastomotic leak, bowel perforation
Acute kidney injury (stage 3 per Acute Kidney Injury Network criteria),† new requirement for dialysis
Sepsis, intraabdominal abscess, deep surgical site infection
Requirement of ≥2 units of packed red blood cell transfusion within 24 h after surgery
Postoperative stroke (ischemic, hemorrhagic)
Wound dehiscence

Gastrointestinal
Renal
Infectious
Hematologic
Neurologic
Wound complications
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Type of Complication

*International Classification of Diseases (9th or 10th revision)–based diagnostic code or a new documented serum troponin T of at least 0.03 ng/dl occurring within 30 days after
surgery. †Serum creatinine increase greater than 3.0-fold from baseline or serum creatinine of at least 4.0 mg/dl with an acute increase of at least 0.5 mg/dl (occurring over a 48-h
period) occurring within 30 days after surgery.

For the primary analysis, the accuracy with which each
frailty score predicts prolonged hospitalization was calculated using root-mean-squared prediction error (prediction
error); that is, the average distance between the observed and
predicted outcome. If a frailty score improves the accuracy
with which we predict prolonged hospitalization, model
residuals are smaller, thereby reducing the root-meansquared prediction error. Controlling for bias imposed by a
given sample, bootstrap resampling28 cross-validation techniques were used to compare the prediction errors between
two linear regression models with prolonged hospitalization as the outcome and the two frailty indices as predictors.
Based on the original data set, we generated a bootstrap
sample using sampling with replacement, randomly partitioning our sample into five equal subsamples and calculating
five-fold cross-validated prediction errors for the Modified
Frailty Index and Hopkins Frailty Score regression models.
The ratios of root-mean-squared prediction error between
the Modified Frailty Index and Hopkins Frailty Score were
calculated as well. We repeated bootstrap sampling 10,000
times. Cross-validated prediction errors were averaged over
the 10,000 bootstrap data sets for both the Modified Frailty
Index and Hopkins Frailty Score models, with the lowest
value indicating the best predictive model; 95% bootstrap
confidence intervals were also reported.
To evaluate the primary aim of the study, which is to
compare the abilities of the Modified Frailty Index and
Hopkins Frailty Score to predict prolonged hospitalization,
a 95% bootstrap confidence interval of prediction error
ratio was constructed. If the confidence interval for this
ratio did not include one, then a statistically significant difference in predictive ability could be claimed.
Two final linear regression models for the Modified
Frailty Index and Hopkins Frailty Score scoring systems
were fit using the entire data set. The model based twosided Wald test P values were reported to measure univariate association between the frailty indices and the primary
outcome (prolonged hospitalization), with significance criteria set at P < 0.05. Discrimination ability was estimated

via coefficient of determination R2 (the proportion of the
variance in outcome explained by the model; R2 indicates
how well data fit a statistical model for the continuous
outcome) for each model. Calibration of the two models
was assessed by plotting predicted versus observed outcome
(prolongation in hospitalization) averaged over patients
with identical predicted values. Ideal calibration would be
indicated by values close to the 45° line on a plot.
As a sensitivity analysis, we performed the primary analysis using log-transformed actual length of hospitalization
as the primary outcome instead of prolonged hospitalization. Log transformation made the data more normally
distributed.
Secondary Analysis. To evaluate the secondary aim of the
study, which is to compare the ability of the Modified Frailty
Index and Hopkins Frailty Score to predict a composite
outcome of 30-day complications and readmission, we used
algorithms similar to those used for the primary analysis.
Because the secondary outcome is a binary outcome, the
two compared models were logistic regression models.
R statistical software version 2.15.1 for 64-bit Microsoft
Windows (R Foundation for Statistical Computing,
Austria) and SAS software version 9.4 (SAS Institute, USA)
were used for statistical analyses.
Sample Size and Power Analysis. The sample size calculation
was based on the primary aim of comparing the Modified
Frailty Index and Hopkins Frailty Score models on their ability to predict prolongation in postoperative length of hospitalization after noncardiac surgery. For the purpose of sample
size estimation, we used an F-test for comparing coefficients
of determination R2 for two nested regression models. The
significance level was set at 0.05 for the primary aim.
Hypothesizing that the R2 of the two models (coefficients
of determination) would be 0.30 and 0.33 and assuming a
standard deviation of 0.15, 1,000 patients would provide
approximately 94% power for a two-sided test comparing
the discrimination ability of the two models. Adjusting for
three interim analyses at each 25% of the planned enrollment, a maximum of 1,190 patients were required.
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Results

Primary Analysis
The prediction error of the Modified Frailty Index model
was smaller than the Hopkins Frailty Score model, their
ratio being 1.01 (95% CI, 1.00 to 1.02), indicating a statistically significant but clinically unimportant difference
between the frailty indices in prediction accuracy (table 5).
Despite the Modified Frailty Index being a significantly
better predictor than the Hopkins Frailty Score, the prediction error for prolonged hospitalization was high (more
than 2 days) for both scores. Thus, the ability of either
frailty model to predict prolonged duration of hospitalization was poor. Similarly, the discrimination ability estimated
via coefficient of determination (R2) was poor for both the
Hopkins Frailty Score (0.002) and the Modified Frailty
Index (0.023). Both calibration plots deviated substantially
from the ideal 45° line for observed versus predicted prolongation in hospitalization (fig. 4).
The sensitivity analysis produced similar results. There
was no difference between the Modified Frailty Index and
Hopkins Frailty Score frailty assessments in prediction of
log-transformed actual length of hospitalization. The bias
corrected prediction error was 2.2 (95% CI, 2.1 to 2.2)
days for both models (more than 2 days), and the estimated coefficient of determination R2 was 0.009 and 0.019,
respectively.

Secondary Analysis
Table 5 also shows that the Modified Frailty Index and
Hopkins Frailty Score were comparably bad at predicting
the composite of 30-day readmission and postoperative
complications, with the ratio of their prediction errors being
1.00 (95% CI, 0.99 to 1.01). Furthermore, the C statistic
was 0.59 (95% CI, 0.54 to 0.64) for the Modified Frailty
Index and 0.60 (95% CI, 0.55 to 0.65) for the Hopkins
Frailty Score. The two measures thus predicted complications poorly and comparably so.

Discussion

Fig. 2. Study cohort.

In patients presenting for elective noncardiac surgery, the
Modified Frailty Index better predicted differences between
actual and expected hospital duration than the Hopkins
Frailty Score, but not by a clinically important amount.
Both scores were comparably bad at predicting a composite
of 30-day postoperative complications and/or readmission.
Thus, neither was a useful predictor of hospital duration
or 30-day postoperative complications and/or readmission.
In a similar study, Cooper et al.8 evaluated 415 orthopedic surgery patients using the two paradigms of frailty.
They used the Fried Index to measure the phenotype paradigm, which is similar to the Hopkins Frailty Score, but
used a more comprehensive 40-point scale to assess the
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Between March 2, 2015 to November 9, 2016, 1,182
adult patients presenting to the preoperative clinic at the
Cleveland Clinic main campus were included in this study.
The study was stopped when we had 1,226 surveys and
believed 1,190 unique patients were enrolled; however, 38
surveys were incomplete, and 6 turned out to be duplicate
patients.
We excluded patients with missing medical record numbers, patients who did not have surgery within 90 days of
the preoperative visit, and patients with missing preoperative study assessments. We also excluded patients who
had surgeries lasting less than 30 min. Finally, patients with
incomplete outcome data for analysis were excluded. That
left 1,042 unique patients in our analysis cohort (fig. 2).
The demographic data, baseline characteristics, types of
surgeries, and frailty measures are reported in table 3. The
distribution of Hopkins Frailty Score and Modified Frailty
Index values across the population is shown in figure 3. Based
on the Hopkins Frailty Score, 184 (18%) patients were classified as frail. Based on a Modified Frailty Index cutoff of 4
or greater, 234 (23%) patients of our cohort were classified
as frail. The median length of stay was 2 days (interquartile
range: 1, 4), and the median prolongation in hospitalization
(primary outcome) was −1 day (interquartile range: −2, 0;
table 4). The secondary outcome occurred in 12.9% of the
patients. The most commonly reported postoperative complication was renal injury, occurring in 7.0% of the patients,
and 6.5% of the patients were readmitted within 30 days of
the surgery (table 4). The Pearson correlation (95% Fisher’s
z transformation confidence limits) between the Modified
Frailty Index and Hopkins Frailty Score scores was 0.28

(95% CI, 0.22 to 0.33), indicating a weak positive linear
relationship between the two frailty indices.

Preoperative Frailty Assessment

Table 3. The Demographic and Baseline Characteristics, including Frailty Indices for the Study Population (N = 1,042)
MFI Frailty Criteria

Variables

Total
(N = 1,042)

Frail Patients:
MFI ≥ 4
(N = 234)

Not Frail
Patients
(N = 808)

Frail Patients:
HFS ≥ 3
(N = 184)

Not Frail
Patients
(N = 858)

59 ± 15
523 (50.2)
92 ± 26
170 ± 11
32 ± 8

66 ± 10
139 (59.4)
95 ± 24
171 ± 12
33 ± 8

57 ± 15
384 (47.5)
91 ± 26
170 ± 10
31 ± 8

64 ± 13
81 (44.0)
91 ± 25
169 ± 11
33 ± 9

58 ± 15
442 (51.5)
92 ± 26
170 ± 11
32 ± 8

834 (80.0)
163 (15.6)
45 (4.3)

170 (72.6)
56 (23.9)
8 (3.4)

664 (82.2)
107 (13.2)
37 (4.6)

141 (76.6)
35 (19.0)
8 (4.3)

693 (80.8)
128 (14.9)
37 (4.3)

9 (0.9)
185 (17.8)
723 (69.4)
125 (12.0)
2 [1, 5]

0 (0.0)
4 (1.7)
158 (67.5)
72 (30.8)
6 [4, 8]

9 (1.1)
181 (22.4)
565 (69.9)
53 (6.6)
2 [1, 3]

0 (0.0)
19 (10.3)
128 (69.6)
37 (20.1)
3 [2, 6]

9 (1.0)
166 (19.3)
595 (69.3)
88 (10.3)
2 [1, 4]

201 (19.3)
191 (18.3)
171 (16.4)
95 (9.1)
80 (7.7)
74 (7.1)
73 (7.0)
69 (6.6)
44 (4.2)
13 (1.2)
13 (1.2)
18 (1.7)
227 ± 122
6 [2, 11]

39 (16.7)
44 (18.8)
43 (18.4)
13 (5.6)
16 (6.8)
33 (14.1)
12 (5.1)
11 (4.7)
14 (6.0)
2 (0.9)
2 (0.9)
5 (2.1)
222 ± 129
7 [3, 11]

162 (20.0)
147 (18.2)
128 (15.8)
82 (10.1)
64 (7.9)
41 (5.1)
61 (7.5)
58 (7.2)
30 (3.7)
11 (1.4)
11 (1.4)
13 (1.6)
229 ± 121
6 [2, 11]

28 (15.2)
29 (15.8)
52 (28.3)
10 (5.4)
13 (7.1)
13 (7.1)
11 (6.0)
17 (9.2)
4 (2.2)
2 (1.1)
3 (1.6)
2 (1.1)
241 ± 122
8 [3, 12]

173 (20.2)
162 (18.9)
119 (13.9)
85 (9.9)
67 (7.8)
61 (7.1)
62 (7.2)
52 (6.1)
40 (4.7)
11 (1.3)
10 (1.2)
16 (1.9)
225 ± 122
6 [2, 11]

248 (28.9)
113 (13.2)
253 (29.5)
91 (10.6)
90 (10.5)
93 (10.8)
590 (68.8)
191 (22.3)
69 (8.0)
68 (7.9)
33 (3.8)
2 [1, 3]

321 (30.8)
227 (21.8)
317 (30.4)
123 (11.8)
121 (11.6)
119 (11.4)
733 (70.3)
235 (22.6)
91 (8.7)
86 (8.3)
42 (4.0)
2 [1, 3]

165 (70.5)
113 (48.3)
150 (64.1)
93 (39.7)
89 (38.0)
90 (38.5)
228 (97.4)
130 (55.6)
61 (26.1)
53 (22.6)
30 (12.8)
5 [4, 6]

156 (19.3)
114 (14.1)
167 (20.7)
30 (3.7)
32 (4.0)
29 (3.6)
505 (62.5)
105 (13.0)
30 (3.7)
33 (4.1)
12 (1.5)
1 [1, 2]

73 (39.7)
114 (62.0)
64 (34.8)
32 (17.4)
31 (16.8)
26 (14.1)
143 (77.7)
44 (23.9)
22 (12.0)
18 (9.8)
9 (4.9)
3 [2, 4]

124 (11.9)
207 (19.9)
505 (48.5)
281 (27.0)
350 [0, 945]
295 (28.3)
109 (10.5)
5±2
346 (33.2)
32 ± 17
1 [1, 2]

29 (12.4)
56 (23.9)
141 (60.3)
84 (35.9)
210 [0, 735]
104 (44.4)
55 (23.5)
5±3
109 (46.6)
29 ± 16
2 [1, 3]

95 (11.8)
151 (18.7)
364 (45.0)
197 (24.4)
403 [0, 986]
191 (23.6)
54 (6.7)
5±2
237 (29.3)
32 ± 17
1 [0, 2]

56 (30.4)
112 (60.9)
167 (90.8)
113 (61.4)
0 [0, 140]
137 (74.5)
77 (41.8)
6±3
140 (76.1)
22 ± 11
3 [3, 4]
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Demographic and baseline measures
 Age
Sex, female
Weight, kg
Height, cm
Body mass index, kg/m2
Ethnicity
Caucasian
 African American
Other
 ASA status
   I
   II
   III
   IV
Charlson comorbidity scoring index
Type of service
  General
  Urology
  Orthopedic
  Colorectal
  Spine
  Vascular
  Gynecological
  Neurological
  Plastics
  Cranial
  ENT
  Others
Duration of surgery, min
Days between frailty survey and surgery
Frailty measures
Modified frailty index
  Diabetes
   Functional class ≥ 2
   Chronic pulmonary disease
   Congestive heart failure
  Myocardial infarction
Percutaneous coronary intervention, prior cardiac surgery, or angina
  Hypertension
   Peripheral vascular disease
  Impaired sensorium
   Transient ischemic attack
Cerebrovascular accident with neurologic deficit
MFI score
Hopkins Frailty Score
  Shrinking
  Exhaustion
   Physical activity frailty
   Not active within last 2 weeks
   Activity metabolic index, kcal/week
   Walking frailty
   Not ambulatory, yes
    Time to walk 4.5 m, s
   Grip strength frailty
   Grip strength, kg
  HFS score

HFS Frailty Criteria

68 (7.9)
95 (11.1)
338 (39.4)
168 (19.6)
480 [105, 1,080]
158 (18.4)
32 (3.7)
5±2
206 (24.0)
34 ± 17
1 [0, 2]

Summary is given as means ± SD, median [first quartile, third quartile] or N (%), as appropriate.
ASA, American Society of Anesthesiologists; ENT, ear, nose, throat; HFS, Hopkins Frailty Score; MFI, Modified Frailty Index.
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Fig. 3. Distribution of Modified Frailty Index (MFI, A) and Hopkins Frailty Score (HFS, B) scores across the study cohort (N = 1,042).

Table 4. Summary of the Postoperative Outcomes Given as Medians [First Quartile, Third Quartile] or N (%), as Appropriate (N = 1,042)
MFI Frailty Criteria

Outcomes
Actual length of hospital stay, days
Prolonged hospitalization,* days
Composite of 30-day hospital readmission and
postoperative complications including:
Cardiovascular, including MI
Pulmonary complications
GI complications
 Urinary complications and AKI
Infectious complications
 Neurologic complications
Hemorrhagic
Wound disruption
Peripheral vascular
Hospital readmission

Total
(N = 1,042)

Frail Patients:
MFI ≥ 4
(N = 234)

2 [1, 4]
−1 [−2, 0]
134 (12.9)
15 (1.4)
16 (1.5)
23 (2.2)
73 (7.0)
11 (1.1)
9 (0.9)
7 (0.7)
7 (0.7)
0 (0.0)
68 (6.5)

Not Frail
Patients
(N=808)

HFS Frailty Criteria
Frail Patients:
HFS ≥ 3
(N = 184)

Not Frail
Patients
(N = 858)

3 [1, 4]
0 [−1, 0]
47 (20.1)

2 [1, 4]
−1 [−2,0]
87 (10.8)

3 [1, 5]
−1 [−2, 0]
34 (18.5)

2 [1, 4]
−1 [−2, 0]
100 (11.7)

9 (3.8)
5 (2.1)
6 (2.6)
31 (13.2)
6 (2.6)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
24 (10.3)

6 (0.7)
11 (1.4)
17 (2.1)
42 (5.2)
5 (0.6)
9 (1.1)
7 (0.9)
7 (0.9)
0 (0.0)
44 (5.4)

6 (3.3)
3 (1.6)
3 (1.6)
16 (8.7)
5 (2.7)
1 (0.5)
1 (0.5)
5 (2.7)
0 (0.0)
16 (8.7)

9 (1.0)
13 (1.5)
20 (2.3)
57 (6.6)
6 (0.7)
8 (0.9)
6 (0.7)
2 (0.2)
0 (0.0)
52 (6.1)

*Prolonged hospitalization = actual length of stay – expected length of stay.
AKI, acute kidney injury; GI, gastrointestinal; HFS, Hopkins Frailty Score; MFI, Modified Frailty Index; MI, myocardial infarction.

deficit accumulation paradigm. As in our study, Cooper et
al.8 found that correlation between two paradigms of frailty
was marginal. Neither was a good predictor of readmissions or postoperative complications, although frailty was
associated with postoperative hospitalization exceeding 5
days (relative risk, 3.1). Other studies evaluating noncardiac
surgical patients compared different deficit accumulation
measurement tools but did not show clinical superiority of
any one tool over the other.6,29,30
Our most surprising result, and therefore the most interesting, is that neither measure of frailty was a helpful predictor of length of hospitalization or 30-day complications

and/or readmission. Both frailty scores resulted in errors
exceeding 2 days in predicting surgery-specific length of
hospitalization. Similarly, the C statistics for 30-day readmission and/or postoperative complications with our two
assessment strategies were only 0.59 and 0.60 (with 0.5
indicating predictions no better than chance). Although statistically significant, these low values indicate that predictive
ability was too weak to be clinically useful.
In contrast to our results, other investigations report
that frailty, quantified with either deficit accumulation
or phenotype models, is associated with prolonged hospital stay.1,8,20,31–33 Two recent meta-analyses34,35 report
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Table 5. Summary of the Prediction Models’ Performance for Difference between Actual and Expected Hospital Length of Stay and
Probability of Postoperative Complication/Readmission Composite (N = 1,042)
Bias Corrected
Prediction Errors
(95% CI)*

2.53 (2.15, 2.92)
2.58 (2.17, 2.95)

1.01 (1.002, 1.023)

0.33 (0.31, 0.36)
0.33 (0.31, 0.39)

1.00 (0.99, 1.01)

Discrimination
Ability†‡
Coefficient of
determination R2 *
0.023
0.002
C-statistic‡
0.593
0.596

Wald Test
P Value†

< 0.0001§
0.14§
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Primary outcome: prolonged hospitalization (actual
length of stay – expected length of stay)
MFI model
HFS model
Secondary outcome: probability of postoperative
complication/readmission composite
MFI model
HFS model

Bias Corrected
Ratio of Prediction
Errors (95% CI)*

0.0005§
0.0002§

10,000 bootstrapped samples were used for bias correction; CI was determined by the 2.5th and 97.5th percentiles of the distribution after bootstrapping. †Both model discrimination characteristics and Wald test P values (two-sided test) are based on the models built on the full data set; two univariate linear regression models were built for hospital
length of stay outcome and two univariate logistic regression models were built for binary postoperative complications composite outcome. ‡Predictive power of the models was
measured by coefficient of determination R2 for hospital length of stay and C-statistic for binary complications composite outcome; for both measures, higher values indicate better
discrimination ability of the model. §P value < 0.05 indicates significance; model-based Wald test is for association between a frailty index and an outcome.HFS, Hopkins Frailty
Score; MFI, Modified Frailty Index.
*

Fig. 4. Calibration plots of Modified Frailty Index (MFI, A) and Hopkins Frailty Score (HFS, B) models (N = 1,042).

statistically significant odds ratios in a majority of the
studies evaluating the impact of frailty on length of stay.
However, substantial interstudy heterogeneity prevented
pooling of study level effect estimates for length of stay.
These results need to be interpreted with caution, because
most studies use length-of-stay calculations that were not
surgery-specific.1,8,31 For example, Flexman et al.1 used the
National Surgical Quality Improvement Program database
to evaluate 53,080 patients who had surgery for degenerative spine diseases. They found that the Modified Frailty
Index was associated with prolonged hospitalization (odds
ratio 1.88 for every 10% increase in the Modified Frailty
Index; 95% CI, 1.81 to 1.99). However, their patients with
the highest Modified Frailty Index scores had the most
complex multilevel spine surgery. Hence, adjusting for the

type of surgery as a confounder markedly decreased their
odds ratio to 1.27.
Our study cohort was heterogeneous with patients having various noncardiac surgeries, each with its own expected
length of postoperative hospitalization. We accounted for
type of surgery as a confounder by separately estimating
the expected duration of hospitalization for each type of
surgery, based on the median length of stay for that procedure at our institution. Our approach improves on previous
investigations that did not account for the type of surgery
and used semiarbitrarily defined prolonged hospitalization.
For instance, Partridge et al.33 defined prolonged hospitalization as a postoperative stay of more than 12 days after
arterial vascular surgery. In addition, in contrast to others
who reported the strength of association between frailty
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80% were American Society of Anesthesiologists physical
status III or IV. It seems likely that institutional experience
with frail and high-risk patients in general mitigated the
impact of frailty on postoperative outcomes.
The difference between the findings of our study and
previous literature can be attributed, at least in part, to our
robust study design, which analyzes prediction errors and
discriminative ability of the models. Prior studies evaluating
the relationship between frailty and postoperative outcomes
commonly report statistically significant odds ratio which
overlook the score’s clinical utility.
A limitation of our study is that the elements of the
Modified Frailty Index and postoperative outcomes were
obtained from an institutional registry and thus could
be influenced by factors affecting capture of variables in
administrative databases.45 Moreover, 30-day readmission
might be underestimated because 15% of study patients
were from out-of-state. However, missing readmissions
will not change the validity of our conclusions because
the comparisons were within patients. Although formal
assessments of frailty obtained for our study were not
included in the electronic medical record, clinicians could
of course make their own assessments of frailty and modify perioperative management in response, thereby affecting outcome.
Because there is no gold standard for measuring frailty
in the perioperative context, it is not possible to evaluate
the accuracy of the Modified Frailty Index and Hopkins
Frailty Score. Thus, predictive validation is an important
aspect in all perioperative frailty studies. Many investigators report statistically significant associations between both
of these frailty scores and adverse postoperative outcomes,
thereby erroneously reporting good predictive potential in
clinical practice.16,17 However, poor discriminative ability, as
described in our study, makes them poor clinical tools for
identifying patients at risk. Poor reliability or reproducibility of these tests may also be an important source of error
in our study. Interrater reliability has not been reported for
either the Modified Frailty Index or the Hopkins Frailty
Score. Having a pretrained group of test givers, as in our
study, presumably improves interrater reliability of a test.
Moreover, objective tests such as the ones we used usually
have high interrater reliability, although we did not qualify
this aspect of reliability.
We tested only one measurement system from each
frailty assessment paradigm, and it remains possible that
other methods outperform the two we used. The ones
we selected, however, are well validated in nonoperative
contexts and are easy to administer perioperatively. The
Modified Frailty Index, for example, is the most widely
studied deficit accumulation model, and it predicts adverse
postoperative outcomes in large administrative databases5,16,17 and small prospective studies.20,46 One may argue
that the Modified Frailty Index consists of only 11 variables,
which do not cover all the described domains of frailty.
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and length of stay using odds ratios,1,8,20,31–33 we measured
the prediction error using root-mean-squared prediction
error, which better quantifies clinical relevance. Our more
robust analysis shows that there is little relationship between
frailty and the prolongation in expected duration of hospitalization after noncardiac surgery, with an error exceeding
2 days. Our sensitivity analysis, evaluating the relationship
between frailty and absolute length of hospitalization without accounting for type of surgery, also revealed a prediction error greater than 2 days for both indices.
Many investigators report significant associations
between measures of frailty and postoperative complications,1,5,6,8,16,19,20,29,36–40 but only some report C statistics,6,29,30,33,36,37,39 which quantify clinical importance.
Reported C statistics range from 0.53 to 0.68, with most
being between 0.60 and 0.65,6,29,30,39 which are similar to
our findings. A statistically significant odds ratio34,35 does
not imply predictive ability or discriminative classification,
making measures of discrimination such as the C statistic
critical.41 The available evidence therefore suggests only
weak associations between frailty and postoperative complications, presumably because many other factors contribute
to postoperative morbidity.
Because frailty assessments are rarely included in administrative or clinical registries, frailty represents a potential
unknown confounding factor. The fact that both deficit
accumulation and phenotype paradigms of frailty are poor
predictors of hospital duration and complications is therefore reassuring from a research perspective. Furthermore,
various risk evaluation schemes effectively include components measured in the deficit accumulation paradigm.
For example, the American College of Surgeons National
Surgical Quality Improvement Program Risk Calculators
is a surgery-specific risk assessment tool that shares many
patient variables with the Modified Frailty Index.42
Similarly, the Risk Stratification Index models, objectively
derived by identifying various International Classification
of Diseases (9th revision)–based billing codes that predict
adverse outcomes, include many that might be considered
indicators of frailty.43 Therefore, omitting deficit accumulation or phenotype–based measurements of frailty may
not introduce unobserved confounding in otherwise well
adjusted registry analyses.
The incidence of frailty in our cohort is comparable
with6,38 or higher than1,5,26 other large studies evaluating
perioperative frailty. By virtue of recruiting patients triaged
to preoperative clinic evaluation, we selected a higher-risk
population, potentially increasing power. However, it
remains possible that these frailty indices better discriminate
postoperative adverse outcomes in a different surgical cohort
than ours. Frail patients have better postoperative outcomes
when they undergo surgery at centers with a high volume
of frail patients.44 The Cleveland Clinic Main Campus is a
high-volume center, and many of our patients are frail; for
example, about 20% were frail in our current sample, and
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Appendix 1. American College of Cardiology and American
Heart Association Guidelines Based Surgical Risk and Health
Quest Score-based Stratification of Preoperative Patients for
Preoperative Anesthesia Consultation and Evaluation Clinic
Visit

Health
Quest
Score
1
2
3
4

American College of Cardiology and
American Heart Association Guidelines
Based Surgical Risk
Low

Intermediate

PACE
PACE

High
PACE
PACE
PACE

PACE indicates that these patients were asked to schedule a Preoperative
Anesthesia Consultation and Evaluation Clinic visit.
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Appendix 2.
Rationale for Waiver of Written Consent, Approved by
the Cleveland Clinic Institutional Review Board

Patient Information Sheet: The Cleveland Clinic
Foundation Research Information Sheet
Study title: What Is the Best Measure of Frailty?
Investigator: Daniel I. Sessler, M.D.
The Cleveland Clinic Anesthesia Center is conducting a
research study to determine the best way to measure frailty.
Frailty is a measure of physical strength and weakness.
Patients who are frail may be at higher risk of complications
after surgery. We are interested in studying the best way to
measure frailty before surgery.

Participation involves:
• Completion of Hopkins Frailty questionnaire and medical record review.
• The questionnaire consists of 3 questions and 2 assessments.
You will walk for 15 feet for 3 trials. You will squeeze a
grip device 3 times. In total, this will take about 10 min.
• Completing these activities is all you need to do.
• Review of your medical records after your surgery.
Additional information:
• Risk is minimal.There is no physical risk.There is potential risk to your information. However, your data will be
protected by maintaining it on a secure network drive
on a password-protected computer. In addition, data will
only be accessed by study staff.
• There is no direct benefit to you. Knowledge gained will
assist us to make an improved perioperative assessment
tool.
• Participation is voluntary.Your decision to participate or
not will have no impact on current or future medical
care at the Cleveland Clinic.
• For questions related to the research study, please ask or
contact Dr. Daniel Sessler at 216-444-4900.
• For questions about your rights as a research subject, call
the Institutional Review Board at 216-444-2924.
• Completion of the questionnaire and activities will indicate your agreement to participate in the research study.
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a. The American College of Surgeons recommend
obtaining frailty index (using Hopkins Frailty Score)
preoperatively
(http://site.acsnsqip.org/wp-content/
uploads/2011/12/ACS-NSQIP-AGS-Geriatric-2012Guidelines.pdf; accessed August 20, 2014) as a part of
their best practice guidelines. It is recommended for better preoperative risk stratification and also for identification/documentation of a preoperative baseline.
b. Aside from frailty, no additional information was
obtained that deviates from routine assessment. Patients
were not be contacted subsequently because all other
necessary data were available in our electronic medical
records.
c. This study did not influence patient care or outcome.

You are being asked to participate in this study because you
are an adult having noncardiac surgery.

