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KEY POINTS
•	 Question: Frailty is a prominent premorbid characteristic of many older adults; however, its 

conceptualization, measurement, and predictive validity to relevant surgical outcomes remain 
elusive.

•	 Finding: Frailty can be characterized as a latent continuum denoting severity using 18 hetero-
geneous markers capturing physical burdens, functional limitations, and diminished emotional 
and social activities, all of which can be used to characterize 3 distinct phenotypes with 
specific predictive validity.

•	 Meaning: Frailty assessments should be reliable, parsimonious, and require good discrimina-
tive and predictive capability for relevant postoperative outcomes to have clinical utility.

BACKGROUND: Frailty is an important concept in the care of older adults although controversy 
remains regarding its defining features and clinical utility. Both the Fried phenotype and the 
Rockwood deficit accumulation approaches cast frailty as a “burden” without exploring the relative 
salience of its cardinal markers and their relevance to the patient. New multifactorial perspectives 
require a reliable assessment of frailty that can validly predict postoperative health outcomes.
METHODS: In a retrospective study of 2828 unselected surgical patients, we used item response 
theory to examine the ability of 32 heterogeneous markers capturing limitations in physical, functional, 
emotional, and social activity domains to indicate severity of frailty as a latent continuum. Eighteen 
markers efficiently indicated frailty severity and were then subject to latent class analysis to derive 
discrete phenotypes. Next, we validated the obtained frailty phenotypes against patient-reported 
30-day postoperative outcomes using multivariable logistic regression. Models were adjusted for 
demographics, comorbidity, type and duration of surgery, and cigarette and alcohol consumption.
RESULTS: The 18 markers provided psychometric evidence of a single reliable continuum 
of frailty severity. Latent class analyses produced 3 distinct subtypes, based on patients’ 
endorsement probabilities of the frailty indicators: not frail (49.7%), moderately frail (33.5%), 
and severely frail (16.7%). Unlike the moderate class, severely frail endorsed emotional health 
problems in addition to physical burdens and functional limitations. Models adjusting for age, 
sex, type of anesthesia, and intraoperative factors indicated that severely frail (odds ratio, 
1.89; 95% confidence interval, 1.42–2.50) and moderately frail patients (odds ratio, 1.31; 95% 
confidence interval, 1.03–1.67) both had higher odds of experiencing postoperative complica-
tions compared to not frail patients. In a 3-way comparison, a higher proportion of severely frail 
patients (10.7%) reported poorer quality of life after surgery compared to moderately frail (9.2%) 
and not frail (8.3%) patients (P < .001). There was no significant difference among these groups 
in proportions reporting hospital readmission (5.6%, 5.1%, and 3.8%, respectively; P = .067).
CONCLUSIONS: Self-report frailty items can accurately discern 3 distinct phenotypes differing in 
composition and their relations with surgical outcomes. Systematically assessing a wider set of 
domains including limitations in functional, emotional, and social activities can inform clinicians 
on what precipitates loss of physiological reserve and profoundly influences patients’ lives. This 
information can help guide the current discussion on frailty and add meaningful clinical tools to 
the surgical practice.   (Anesth Analg 2018;127:1017–27)
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Frailty Phenotypes and Surgical Outcomes

The concept of frailty has garnered considerable atten-
tion in the past few years, becoming a focus of clinical 
discussion and empirical scrutiny. This is most likely 

because a substantial body of research documents that frail 
older people experience poor health outcomes that cannot 
only be explained by age, functional status, or comorbid 
diseases. Those who consider frailty a common geriatric 
“syndrome” broadly define it as a loss of function, decline 
in physiological reserve, impaired resistance to stressors, 
and a state of increased susceptibility to disease and ill-
ness.1–5 Frailty is distinguished from disability or comorbid 
diseases and aligned more with risk “resulting from age- or 
disease-associated physiologic accumulation of subthresh-
old decrements affecting multiple physiologic systems.”6 
There is now growing evidence documenting that preop-
erative frailty is a valid indicator of postoperative complica-
tions,7,8 including delirium,9,10 falls,11,12 increased length of 
hospitalization,13 discharge to a nursing or assisted living 
facility,14 hospital readmissions,14 and other surgical compli-
cations.8,15 In addition, frailty among community-dwelling 
older people is associated with reduced quality of life16 and 
is a valid predictor of all-cause mortality.8,17,18

Despite the clinical importance of frailty, there is con-
siderable debate regarding its most prominent features, 
how it should be measured, and its clinical significance.2,3,5 
Notably, 2 conceptual models have influenced research 
examining frailty and its outcomes. Fried et al,1 using data 
from the Cardiovascular Health Study, proposed a physical 
phenotype model based on 5 salient criteria. These include 
excessive weight loss, exhaustion, slow gait speed, weak 
handgrip strength, and sedentary behavior defined by low 
physical activity. The number of criteria present determines 
a patient’s frailty status, with 0 indicating robust or healthy, 
1–2 indicating prefrailty, and ≥3 indicating frailty.

Alternatively, Rockwood et al19 and Rockwood and 
Mitnitski20 proposed that frailty represents an accumulation 
of deficits, necessitating markers from multiple domains and 
a broader collage of symptoms to fully portray its underly-
ing clinical features. In a multifactorial framework, a person’s 
frailty is based on the sheer number of markers (ie, symp-
toms, signs, diseases, clinical impressions) indicated out of 
the total, a proposition that allows for different measures and 
questionnaire length, without undermining the instruments’ 
diagnostic utility. When pitted against each other and using 
the same data source, the deficit approach underestimates 
mortality less frequently.21 Overall, whether one chooses to 
align with the phenotype or the deficit approach, they both 
consider frailty as a reflection of deficits, just basing this 
impression on a smaller subset of muscular weakness and 
physical burden markers in the former and a larger, if not 
more holistic, cache of deficits in the latter.

Notwithstanding their applications, both approaches 
have their own shortcomings. The cumulative deficit 
approach uses a single additive score and as a result glosses 
over the salience of different domains. It is quite likely that 
some markers are more clinically meaningful to the indi-
vidual. For example, incapacity and its effect on routine 
activities of daily living (ADL) may have greater clinical 
importance to the patient because the restrictions on their 
life are more personally salient, than say unintentional 
weight loss or low physical activity. Understanding the 

relative importance of different domains would help clarify 
underlying vulnerability and, from a medical standpoint, 
facilitate rendering differential diagnosis. A summative 
index also leaves unresolved the “prognostic” value of dif-
ferent items and their relative contribution to the clinical 
syndrome.2

The Fried phenotype provides an opportunity to exam-
ine the role of physical burden with regard to a coherent 
medical syndrome.22–25 However, even using a reduced set 
of items, researchers have been unable to obtain consistent 
phenotypes across different studies.25 This opens the door 
for different clinical profiles and undermines empirical 
attempts to clarify a “syndrome.” Moreover, like the frailty 
index, the predictive accuracy of various markers is never 
addressed; each of the 5 criteria is weighted equally in 
determining frailty phenotypes. Sensitivity, specificity, and 
receiver operating characteristic analyses have not yielded 
a consensus with respect to the different markers’ ability to 
differentiate functional outcomes.24,26–29 In addition, studies 
have shown that as few as 3 physical burden items net the 
same predictive validity as the 5 Fried criteria in predict-
ing incident falls, disability, fractures, and death as far out 
as 9 years in older women.30 More recently, studies have 
shown that increasing the number of items with the addi-
tion of polypharmacy and self-reported health can enhance 
predictive validity of the Fried index.31 This finding holds 
for instruments adding measures of cognitive functioning 
assessing memory and speed of processing.32,33

Additional drawbacks to the Fried phenotype method 
are that 3 criteria are measured on continuous scales and 
must be dichotomized using a 20th percentile rule, neces-
sitating a reference population, which can be onerous to 
clinicians.34 A study of German community-dwelling older 
people found high correspondence between the traditional 
lower quintile approach to designate frailty and a popula-
tion-independent cut-point approach.35 Cut-points were 
derived from the literature and resulted in higher frailty 
prevalence rates than those reported using the traditional 
Fried method. Finally, several studies that derived subtypes 
matching the Fried phenotypes validated them using func-
tional health markers (ie, ADL), thus conflating associations 
between frailty and disability-related outcomes.19,25,26

STUDY OBJECTIVES
The present study was designed to resolve 2 pressing con-
cerns, using an integrated set of psychometric and statis-
tical techniques that should help refine our understanding 
of frailty and improve its predictive accuracy. We first used 
item response theory (IRT) to ascertain whether a single 
frailty “liability” can be derived based on markers reflect-
ing physical burden, nutrition/fitness and functional limi-
tations, emotional health, and social activity domains. This 
portion of the analysis reveals the discriminative properties 
of markers within domains and their ability to detect frailty 
severity. We then used latent class analysis (LCA) to derive 
frailty subtypes using markers identified from the IRT anal-
ysis. The LCA can detect whether there are distinct subtypes 
of frailty that characteristically differ from each other based 
on a more parsimonious set of markers. Classes were then 
characterized based on demographic and health covariates 
and comorbidities that could potentially confound adverse 
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outcomes. Finally, we used multivariable logistic regression 
(MLR) to examine relations between class membership and 
postsurgical complications, readmission, and self-reported 
change in quality of life.

METHODS
Data Collection and Study Population
The Human Research Protection Office at Washington 
University School of Medicine approved this study (ID: 
201408106) as a substudy of the Systematic Assessment 
and Targeted Improvement of Services Following Yearlong 
Surgical Outcomes Surveys (SATISFY-SOS, NCT02032030).36 
SATISFY-SOS is an electronic data registry that has collected 
since 2012 patient-reported outcome surveys from adult 
patients (age, ≥18 years) undergoing general elective surger-
ies at Barnes-Jewish Hospital in St Louis, MO. Patients were 
consented to participate in the SATISFY-SOS project during 
their preoperative clinical evaluation at the Barnes-Jewish 
Hospital Center for Preoperative Assessment and Planning 
(CPAP). Specifically, the registry includes patient-reported 
information from a baseline survey completed preopera-
tively at the time of consent, and data from follow-up sur-
veys completed by the same patients approximately 30 days 
and 1 year postoperatively. This article adheres to publica-
tion guidelines outlined by the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) state-
ment for reporting observational studies.

Data available for this study covered 7 months in 2014. 
Preoperative clinical information came from the hospital’s 
electronic medical record (MetaVision [iMDsoft, Needham, 
MA]) and is routinely collected during patient’s preop-
erative evaluation, which is conducted at the CPAP. At 
that time, the total number of surgical patients who were 
assessed preoperatively at the CPAP and had surgery was 
18,735, of which 12,877 consented over the entire 2014 
period. The number of actual surgeries performed in the 
7-month window selected for this study involved 10,491 
patients, of which 7043 (67%) consented to have their 
data included in the SATISFY-SOS registry and 4042 (57% 
of those consented) actually completed both baseline and 
30-day surveys, as of the beginning of this investigation. 
We then excluded patients with missing data in any of the 
selected data fields (demographic variables, frailty items, 
and patient-reported outcomes), yielding an analysis sam-
ple of 2828 patients with complete information.

An extensive literature review produced 52 common 
frailty measures across different assessment strategies. A 
total of 32 of these matched up against our medical institu-
tion’s preoperative anesthesia electronic medical records. 
Sixteen of these measures are routinely collected as part of 
preoperative assessment, and an additional 16 were culled 
from SATISFY-SOS Baseline Survey completed by each 
consented patient during their first presurgical office visit. 
The latter set includes 9 items from the baseline Veteran 
RAND 12 (VR-12; RAND Corp, Santa Monica, CA) plus 
its aggregate scores as well as each patient’s response to 
5 additional questions asked in the same survey. All 32 
items are either categorical (nominal and ordinal scales) 
or continuous measures. Although these types of variables 
do not challenge the robustness of our statistical meth-
ods, for simplicity, we dichotomized all the data using 

prespecified cut-points relevant to conceptual models of 
frailty. Supplemental Digital Content, Table 1S, http://
links.lww.com/AA/C524, shows the final set of measures 
and comparisons between patients lost to follow-up and 
the final analytic sample.

Statistical Analysis
Using IRT, we tested a 2-parameter graded response model, 
which is appropriate for binary and polytomous (categori-
cal) frailty markers.37 The IRT model produces 2 parameters 
that detail properties of the markers (ie, the item characteris-
tic function). The difficulty (location) parameter indicates the 
probability of responding to the marker affirmatively at vary-
ing levels of frailty (trait) severity. When difficulty param-
eters are relatively large, they indicate that patients require 
very high frailty severity scores to endorse the item. The dis-
crimination (slope) parameter reveals how rapidly the prob-
abilities changes with frailty severity. When discrimination 
(slope) parameters are large, they indicate that the probability 
of endorsing this item increases with corresponding increases 
in frailty severity (eg, steeper slopes). Items that discriminate 
well should have difficulty (location) parameters that gen-
erally range from −3 to 3 and discrimination (slope) values 
ranging from 0 to 3. The item characteristic curve (ICC) is a 
function that provides the relationship between the underly-
ing frailty continuum and the estimated probability of scor-
ing a positive value on the individual marker.

The 2-parameter graded response models were tested 
within each of the 4 domains, including 7 physical burden 
markers, 7 emotional health markers, 3 markers from the 
nutritional domain combined with 11 from the fitness and 
functional limitations domain, and 4 from the social support 
domain (including employment as a proxy for social activ-
ity). Once we obtained a final set of efficient markers, we 
then used confirmatory factor analysis (CFA) to ascertain the 
dimensional structure of the resulting frailty markers. The 
CFA model used weighted least squares means and variance 
estimation and robust standard errors, which is appropriate 
for categorical data. We then used LCA to examine frailty 
phenotypes using the markers that performed well in the IRT 
analysis. This procedure assigns patients to mutually exclu-
sive classes based on their patterns of endorsing markers 
from the different domains. The resulting classes are qualita-
tively discrete so that patients within a class are more “homo-
geneous” with regard to frailty experiences than patients 
belonging to a different class. The “best-fitting” LCA model 
is selected by comparing a base undifferentiated 1-class 
model with models that increase in complexity and extract 
additional classes. Specifically, the selected model should 
provide superior statistical indicators of overall model fit 
(lower values for Akaike Information Criterion, the Bayesian 
Information Criterion, and/or the sample size–adjusted 
Bayesian Information Criterion), a significant Lo-Mendell-
Rubin Adjusted Likelihood Ratio Test (P < .05) and provide a 
meaningful interpretation of the resulting classes.38

Based on estimated posterior probabilities, we then 
assigned patients to their respective classes and examined 
relations between class membership and 30-day surgi-
cal outcomes including postoperative complications (any 
problem = 1), change in quality of life 30 days after surgery 
(worse = 1), and hospital readmission (yes = 1) obtained 

http://links.lww.com/AA/C524
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from the SATISFY-SOS 30-day survey. The latter analysis 
was conducted using MLR, appropriate for dichotomous 
outcomes. These analyses controlled for disease comor-
bidity as well as type and duration of surgery (minutes), 
surgical risk (cardiac, intermediate, or high), cigarette and 
alcohol consumption, and demographic factors including 
age, sex, race (ethnicity), and employment status.

Preliminary data management was performed using SAS 
Version 9.4 (SAS Institute Inc, Cary, NC) and statistical analysis 
for the IRT and LCA models using the Mplus statistical soft-
ware package (Muthén & Muthén, Los Angeles, CA).39 Results 
are presented with exact P values and 95% confidence inter-
vals (CIs) for measures of parameter precision. Unadjusted  
P values <.05 were considered statistically significant.

RESULTS
IRT Model
We began with 32 frailty markers reflecting the 4 domains 
(Supplemental Digital Content, Table 1S, http://links.lww.
com/AA/C524). The preliminary IRT analysis conducted 
separately within each domain allowed us to eliminate 14 
markers with poor psychometric properties, either having 
relatively low (or negative) difficulty scores and/or weak 
discrimination parameters and because the corresponding 
ICCs visually reinforced poor item performance.

Table 1 shows the IRT results after combining the 18 suc-
cessful frailty markers from the individual domain analyses 
into a single model. In the physical burden domain, only 
poor physical quality of life (based on the VR-12 physical 
component score <41) had a high discrimination (slope 
>3.0) index (endorsed by 48% of the sample). Key mark-
ers in the fitness and functional domain that discriminated 
frailty severity included slow physical activities (a proxy 
for slow gait speed: 34%), limited in moderate ADL (59%), 
inability to work due to physical health (PH) (12%), and 
accomplish less than would like due to emotional and/
or PH (49%). None of the markers in the emotional health 

domain exceeded the benchmark of 3.0; however, poor emo-
tional/mental quality of life (based on the VR-12 mental/
psychological component score <41: 13%) and limited social 
activities due to emotional and/or PH (25%) came near the 
benchmark of 3.0 (2.43 and 2.36, respectively).

Supplemental Digital Content, Figure 1S, http://links.
lww.com/AA/C524, shows the ICCs for the 18 items com-
bined, and depicts the characteristic “S” or ogive-shaped 
curve for each item. The curve is monotonic, reinforcing 
that items used in the analysis assess frailty across a breadth 
of range; however, a bulk of the items performs better in 
distinguishing higher levels of frailty severity. In other 
words, as patients become increasing frail (higher scores on 
the x-axis), they should have a higher probability (y-axis) 
of endorsing the markers used to assess frailty severity. 
Although not shown, individual ICCs conducted within 
each domain revealed that 2 of the functional limitation 
items were more informative at the negative or lower end 
of the frailty continuum (eg, limited in moderate ADLs and 
limited climbing stairs). In other words, these items function 
well to distinguish patients with very low levels of frailty.

One assumption of the IRT model applied is that the 
underlying latent continuum (trait) is unidimensional.40 
We tested a CFA model positing a single latent dimension 
of frailty reflected by the 18 items. Factor loadings were 
allowed to vary freely, and the data were supplied as tet-
rachoric correlations. The fit of this unidimensional model 
was acceptable, comparative fit index = 0.938, Tucker Lewis 
index = 0.930; root mean square error of approximation = 
0.103 (CIs, 0.101–0.106). The unstandardized factor loadings 
ranged from 0.501 (PH5: muscle weakness) to 1.03 (fitness 
and functional limitations–item 6 [FFL6]: exhibit slow physi-
cal activities). Although some of the benchmark fit indices 
showed room for improvement (ie, root mean square error 
of approximation should be <0.08), this would only occur 
with the addition of post hoc model refinements (ie, cor-
related errors). This approach is not recommended for IRT 

Table 1.   Final IRT Model for the 18 Frailty Markers

Item Description
Percent Endorsement  

of Item (N)
Difficulty  

(Location)
Standard  

Error
Discrimination  

(Slope)
Standard  

Error
PH1: poor general health status 15.8 (448) 1.55 0.08 1.45 0.07
PH2: worsening physical health 36.2 (1024) 0.65 0.06 1.09 0.05
PH4: physical disability work status 10.6 (301) 2.25 0.08 1.15 0.13
PH5: muscle weakness 16.7 (473) 1.91 0.07 0.99 0.11
PH7: poor physical quality of life 47.9 (1354) 0.07 0.19 3.60 0.03
FFL4: exhibit low energy 17.2 (485) 1.35 0.10 1.70 0.06
FFL6: exhibit slow physical activities 33.6 (950) 0.48 0.23 3.96 0.03
FFL8: worsening disability activities 6.9 (194) 1.74 0.21 2.82 0.06
FFL9: limited in moderate ADLs 58.8 (1663) −0.25 0.17 3.23 0.03
FFL10: limited ability in kind of work due to PH 11.8 (335) 1.30 0.26 3.64 0.04
FFL11: limited ability to work due to EP 30.2 (855) 0.74 0.08 1.68 0.04
FFL12: accomplish less due to PH/EP 49.0 (1386) 0.04 0.29 4.78 0.03
FFL14: limited climbing flights of stairs 54.6 (1543) −0.14 0.10 2.01 0.03
MH1: felt downhearted and blue 25.2 (712) 1.07 0.07 1.36 0.05
MH3: felt calm and peaceful 32.5 (920) 0.73 0.07 1.34 0.05
MH4: worsening emotional health 22.7 (641) 1.38 0.07 1.08 0.08
MH7: poor mental quality of life 13.3 (377) 1.36 0.15 2.43 0.05
SASS4: limited social activities 25.1 (709) 0.84 0.12 2.36 0.04
  Mean = 0.95  

(SD = 0.72)
 Mean = 2.26  

(SD = 1.16)
 

Abbreviations: ADL, activities of daily living; EP, emotional problem; FFL, fitness and functional limitations; IRT, item response theory; MH, mental health; PH, 
physical health; SASS, social activities and social support.

http://links.lww.com/AA/C524
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models, as it violates the statistical assumption of local inde-
pendence (ie, responses are not contingent on one another, 
even after controlling for the trait).

LCA Model
Table 2 provides fit statistics corresponding to the sequence 
of LCA models tested with the 18 surviving categorical indi-
cators (dichotomized markers). This included a base 1-class 
or undifferentiated model (ie, a single undifferentiated 
population) and up to a 10-class model. Following the rule 
of parsimony, all model fit indices suggest that the 3-class 
model provides the best fit and makes the most conceptual 
sense. With each successive extraction of a class, the Bayesian 
Information Criterion becomes progressively smaller and 
shows a negligible change between the 3-class (41,800) and 
4-class models (40,936). The corresponding G2 and L2/df 
(similar to an F-statistic), and classification error statistics as 
well as the adjusted likelihood ratio test P value also support 

the 3-class model.41 Increasing extraction of classes past the 
3-class model has a marginal effect on the overall model fit 
and results in smaller pockets of patients forming unstable 
classes that are not clinically meaningfully (ie, do not form 
discrete phenotypes that vary in composition).

Table  3 details the item endorsement probabilities for 
the 3-class model using the 18 frailty markers. This should 
be read in conjunction with the Figure, which graphically 
portrays the 3-class model. A reasonable item endorsement 
threshold is 60% or higher, so a measure typically must reach 
this benchmark to be considered an efficient marker of class 
membership. Class 1 labeled as “Not Frail” (49.7%) consists 
of patients that endorse a minimum of frailty markers (aver-
age item response probability was ρ = 0.090). The largest 
probability, difficulty climbing flights of stairs (0.249), is 
far below the desired 0.60 threshold. Class 2 (33.5%) con-
sists of “Moderately Frail” patients who endorse 5 mark-
ers above the critical threshold (average item response 

Table 2.   Model Fit Statistics for (1–10) Latent Class Models of Frailty Phenotypes
Latent Class 
Count NFP Log Likelihood Akaike (AIC) Bayesian (BIC) Adjusted BIC Entropy Adj. LRT P Value
1-Class 18 −27,270.83 54,577.66 54,684.71 54,627.52 … …
2-Class 37 −22,008.99 44,091.98 44,312.03 44,194.46 0.928 <.001
3-Class 56 −20,677.84 41,467.68 41,800.73 41,622.80 0.911 .028
4-Class 75 −20,170.14 40,490.27 40,936.32 40,698.02 0.902 .064
5-Class 94 −19,736.48 39,660.97 40,220.02 39,921.35 0.898 .396
6-Class 113 −19,567.40 39,360.79 40,032.84 39,673.80 0.891 .319
7-Class 132 −19,421.54 39,107.07 39,892.12 39,472.71 0.887 .384
8-Class 151 −19,308.10 38,918.20 39,816.25 39,336.47 0.883 .531
9-Class 170 −19,217.60 38,775.21 39,786.25 39,246.10 0.885 .565
10-Class 189 −19,164.91 38,707.82 39,831.86 39,231.34 0.876 .576

Adjusted BIC = sample size–adjusted BIC; entropy = a measure of classification error with higher numbers indicating clear delineation of classes; and Adj.  
LRT = Lo-Mendell-Rubin adjusted test, testing whether the current (K-class) model is preferred to the ([K-1]-class) model with 1 less class.
Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; LRT, likelihood ratio test; NFP, number of free parameters.

Table 3.   Item Endorsement Probabilities in Each of the 3-Class Model

Frailty Indicators
Class 1
Not Frail

Class 2
Moderately Frail

Class 3
Severely Frail

Probability of endorsing the physical health markers
  PH1: poor general health status 0.036 0.200 0.440
  PH2: worsening physical health 0.187 0.478 0.650
  PH4: physical disability work status 0.022 0.154 0.264
  PH5: muscle weakness 0.057 0.252 0.326
  PH7: poor physical quality of life 0.056 0.960 0.771
Probability of endorsing the fitness and functional limitation markers
  FFL4: exhibit low energy 0.031 0.207 0.517
  FFL6: exhibit slow physical activities 0.006 0.648 0.692
  FFL8: worsening disability activities 0.001 0.015 0.379
  FFL9: limited in moderate ADLs 0.223 0.978 0.894
  FFL10: limited ability in kind of work due to PH 0.000 0.076 0.555
  FFL11: limited ability to work due to EP 0.121 0.274 0.899
  FFL12: accomplish less due to PH/EP 0.102 0.828 0.968
  FFL14: limited climbing flights of stairs 0.249 0.863 0.790
Probability of endorsing the emotional/mental health markers
  MH1: felt downhearted and blue 0.120 0.156 0.836
  MH3: felt calm and peaceful 0.164 0.286 0.883
  MH4: worsening emotional health 0.126 0.162 0.655
  MH7: poor mental quality of life 0.018 0.000 0.744
  SASS4: limited social activities 0.035 0.300 0.794
Class membership proportions
Cross-classification probabilitiesa

49.7%
.959

33.5%
.968

16.7%
.933

Abbreviations: ADL, activities of daily living; EP, emotional problem; FFL, fitness and functional limitations; MH, mental health; PH, physical health; SASS, social 
activities and social support.
aClassification probabilities for the most likely class membership as defined by the model.
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probability was ρ = 0.380). These include poor physical qual-
ity of life (ρ = 0.960), slow performance of physical activities  
(ρ = 0.648), limited in moderate ADL (ρ = 0.978), accomplish 
less because of physical/emotional problems (ρ = 0.828), 
and limited in climbing flights of stairs (ρ = 0.863).

The remaining class, labeled “Severely Frail” (16.7%), 
consists of patients who endorsed 11 frailty markers across 
all 3 domains (physical, functional limitations, and emo-
tional health), all exceeding the 0.60 threshold (average 
item endorsement probability was ρ = 0.669). Members of 
this class endorsed 2 of the physical burden items (wors-
ening PH and poor physical quality of life), but they also 
endorsed 5 of the functional limitation markers >0.60 (aver-
age ρ = 0.849). Notably, all 5 of the emotional health mark-
ers exceeded 0.60, suggesting that this class experienced a 
unique level of frailty that combined physical burdens and 
emotional health problems. Classification based on esti-
mated posterior probabilities was quite sound as evidenced 
by the very accurate cross-classification probabilities (0.959, 
0.968, and 0.933 for classes 1, 2, and 3, respectively).

Frail Patient Characteristics
Table 4 shows that compared to patients assigned to the refer-
ence not frail class, those in the severely frail class included 
the largest proportion of female patients, ethnic minorities, 
unemployed, and a greater proportion of patients whose 
American Society of Anesthesiologists physical status score 

was 3 or higher. A greater proportion of severely frail patients 
had relatively higher Charlson Comorbidity Index (CCI) 
scores than those assigned to the not frail and moderately 
frail classes. Comparison of their baseline health status also 
indicated that severely frail patients had statistically signifi-
cant higher proportions of stroke (7.7%), deep vein throm-
bosis or pulmonary embolism (9.2%), hypertension (57%), 
and cancer (31%) (not shown in Table 4). Moreover, the CCI 
score increased across the 3 frailty phenotypes from 15% to 
18% to 23% in the not frail, moderately frail, and severely 
frail classes, respectively. In regard to additional features 
that could distinguish the classes, the proportion of patients 
undergoing high-risk surgery increased from 18% to 29.3% 
and 32.3% in the not frail, moderately frail, and severely frail 
classes, respectively. The association of frailty with age and 
general anesthesia was monotonic. The moderately frail class 
was older on average than both the severely frail and the not 
frail classes. Also, larger proportions of the patients in the not 
frail (82.7%) and the severely frail (83.5%) received general 
anesthesia than those in the moderately frail class (72.4%).

Frailty Phenotypes and Postoperative Outcomes
The overall proportion of patient-reported complica-
tions in-hospital and/or 30 days postdischarge was 16.3% 
(Supplemental Digital Content, Table 2S, http://links.lww.
com/AA/C524). Among patients reporting in-hospital 
complications (12.9%), there was a statistically significant 

Figure. Endorsement pattern of the 3 latent class phenotypes. ADL indicates activities of daily living; EP, emotional problem; FFL, fitness and 
functional limitations; MH, mental health; PH, physical health; SASS, social activities and social support.

http://links.lww.com/AA/C524
http://links.lww.com/AA/C524
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difference (P < .001) in the rate of complications, which 
increased progressively across the 3 phenotypes: not frail 
(9.4%), moderately frail (13.7%), and severely frail (21.7%). 
A relatively low percent of patients (4.6%) was readmitted 
30 days postdischarge from their surgery. Readmission rates 
did not differ significantly between the frailty phenotypes 
(P < .067: 3.8%, 5.1%, and 5.6%, respectively, for not frail, 
moderately frail, and severely frail patients). Quality of life 
(QoL) reported in 30-day postoperative surveys differed 
significantly between the 3 frailty phenotypes (P < .001: 
8.3%, 9.2%, and 10.7%, respectively, for not frail, moderately 
frail, and severely frail patients reporting “worse” QoL than 
before surgery).

Table  5 shows the results of the MLR analysis testing 
whether frailty phenotypes contributed uniquely to post-
operative complications, hospital readmission, and quality 
of life, independent of demographic, baseline comorbidi-
ties, intraoperative, and behavioral factors that could con-
tribute to morbidity. Compared to the reference not frail 
phenotype, moderately frail patients were 31% more likely 
(odds ratio [OR], 1.31; 95% CI, 1.03–1.68) and severely frail 
patients were 89% more likely (OR, 1.89; 95% CI, 1.42–2.50) 
to report postoperative complications (P < .001). The log 
likelihood ratio and Hosmer–Lemeshow goodness of fit 
tests both showed adequate model fit, with an acceptable 
C-statistic (receiver operating characteristic = 0.67) indicat-
ing adequate model fit.

Although there was a 22% greater likelihood of hospi-
tal readmission among the moderately frail (OR, 1.22; 95% 
CI, 0.80–1.86) and 24% greater likelihood for severely frail 
patients (OR, 1.24; 95% CI, 0.74–2.06) compared to not frail 
patients, this difference was not statistically significant  
(P = .067). A single item in the 30-day postoperative survey 
asks patients, “How would you rate your quality of life now?” 
Most patients in the study cohort (63%) stated that their qual-
ity of life (QoL) was “better” than before surgery, and this 
trend was representative of all 3 phenotypes (Supplemental 
Digital Content, Table 2S, http://links.lww.com/AA/C524). 

Only 9% of patients rated their QoL as “worse” after surgery. 
While 8.3% of patients assigned to the not frail phenotype 
reported worse perception of their QoL, 9.2% and 10.7%, 
respectively, of the patients assigned to the moderate and 
severe frailty classes reported worse perception of their qual-
ity of life (P < .001). Only the moderately frail patients were 
less likely to report worsening QoL compared to the not frail 
class (OR, 0.57; 95% CI, 0.47–0.69), controlling for the other 
measures in the model.

DISCUSSION
This retrospective cohort study examined 2 principal issues 
that revolve around assessing frailty and its implications 
in surgical settings. First, we addressed whether frailty can 
be conceptualized as an underlying continuum, reflecting 
gradations of severity. We felt this to be a pressing issue in 
the conceptualization of frailty, which has relied up until 
now on additive “count” approaches, failing to distinguish 
the salience of markers assessing frailty. The Fried pheno-
type approach uses 5 physical burdens to make its case 
regarding a medical syndrome, whereas the deficit accu-
mulation approach uses a wider set of markers ranging 
from 20 to 70, depending on which index is applied. In 
either case, the constituent elements of the index or pheno-
type are all treated equally. This lends no support to figur-
ing out the underlying “cause” of frailty, or which system 
is failing and needs greatest attention, undermining prac-
titioner’s attempts to render a suitable clinical diagnosis 
and specifically tailor interventions. Our study shows that 
it is best to conceptualize frailty as an amalgam of deficits 
in multiple domains. To make this case, we also used a sta-
tistical procedure that produces parameters that are model 
dependent and independent of sample characteristics 
within a population. As a result, derivation of a more par-
simonious set of frailty markers using the current sample 
should not hinder researchers from empirically confirming 
the same markers or their utility in different samples.

Table 4.   Patient Characteristics Across the 3 Latent Class Frailty Phenotypes

Characteristics

Total,  
N = 2828,  

n (%)

Not Frail,  
1384 (49.7%),  

%

Moderately Frail  
978 (33.5%),  

%

Severely Frail  
466 (16.7%),  

% P Value
Female 1687 (59.7%) 57.1 62.3 61.8 .023
Mean age (SD), (y) 58 (14.19) 57 (14.87) 59 (13.83) 56 (12.64) .005
Non-Caucasian ethnic minorities 314 (11.1%) 10.4 10.3 14.8 .021
Employed 1298 (45.9%) 53.9 41.0 32.4 <.001
BMI (kg/m2), median (IQR) 30 (25–34) 28 (24–32) 30 (25–35) 30 (26–36) <.001
ASA class ≥3 1039 (36.7%) 28.1 42.7 49.8 <.001
Charlson Comorbidity Index ≥4 492 (17.4%) 14.8 18.2 23.4 <.001
Surgery type     <.001
  Cardiothoracic 199 (7.0%) 7.1 6.5 7.9  
  Orthopedic 774 (27.4%) 14.0 44.8 30.7  
  Other major surgerya 948 (33.5%) 41.3 24.7 28.8  
  Other minor surgery 907 (32.1%) 37.6 23.9 32.6  
Surgery risk     <.001
  Low risk 958 (33.9%) 43.6 20.5 25.9  
  Medium risk 1198 (42.4%) 38.4 50.3 41.9  
  High risk 672 (23.8%) 18.0 29.3 32.2  
General anesthesia 2260 (79.9%) 82.7 72.4 83.5 <.001
Surgery duration (min), median (IQR) 102 (59–163) 98 (51–163) 101 (65–157) 113 (69–177) .001

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range.
aOther major surgery: colorectal, hepatobiliary-gastrointestinal, transplant, vascular, otolaryngology, neurosurgery, plastics.

http://links.lww.com/AA/C524
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The present findings also extend previous work with 
the Fried phenotypes by showing that classes are not based 
on who has “more deficits” but rather it is the unique com-
position of deficits that distinguishes class membership. 
In the case of the severely frail patients, they endorsed a 
wide range of markers in the physical burden, functional 
limitations, emotional and social domains, reinforcing that 
frailty affects people in multiple ways, not just hindering 
their physical capabilities. Of paramount importance is that, 
although the IRT and LCA statistical procedures address 
different pressing questions, they both focus exclusively on 
the pattern of responses, in the case of the former as a latent 
continuum indicating severity and in the case of the latter 
yielding homogeneous subtypes. Together, these techniques 
offer a much richer picture of frailty and at the same time 
provide deeper insight into the “experience” of frailty from 
the patients’ perspective. Indeed, when taken together, the 
different approaches contribute to the current discussion 
pertaining to definitions, conceptualization, and utility of 
the frailty concept.2,4,42,43

Surprisingly, several markers from the original pool 
of 32 candidates were eliminated through the IRT analy-
sis although they are quite popular components of many 
frailty instruments. These included body mass index, 
slow walking speed, limited mobility and CCI, history 

of falls, incontinence, dizziness, the American Society of 
Anesthesiologists III or IV physical status, low oxygen 
saturation, measures of cognitive functioning (ie, memory, 
concentration, and orientation), a psychiatric assessment of 
dementia, and all the nutrition and weight loss items (eg, 
nutrition, body mass index, or weight loss). These markers 
had relatively low discrimination and/or difficulty levels 
within the current sample.

The items that were selected by the IRT model included a 
single physical burden item, a proxy for the Fried slow gait 
item, functional limitations assessing exhaustion, low phys-
ical activity, worsening disability, limitation in ADL, limita-
tions in work from physical and emotional health problems, 
accomplishing less, and restrictions on climbing stairs, and 
only one of 4 social support measures assessing whether 
patients felt their physical or emotional health problems 
interfered with their routine social activities (ie, visiting 
friends and joining other social activities). The 4 emotional 
health markers selected by the IRT model included feeling 
downhearted and blue, calm/peaceful, emotional health 
status change, and overall quality of mental health.

The final set of 18 frailty indicators that survived the IRT 
procedure included 5 physical burden markers, 8 functional 
limitation markers, 4 mental\emotional health markers, and 
a single social activities marker. Overall, the compilation 

Table 5.    Multivariable Logistic Regressions Predicting Postoperative Outcomes: Complications, 
Readmission, and Quality of Life 30 Days After Surgery

 
Postoperative Complications  

(Overall) 460 (16.3)
Hospital Readmission  

129 (4.6%)
Quality of Lifea  

244 (9.0%)
Predictors OR 95% CI OR 95% CI OR 95% CI
Age (y) 1.00 0.99–1.01 1.01 0.99–1.02 1.00 0.99–1.01
Female 0.99 0.80–1.23 0.97 0.67–1.42 1.05 0.89–1.24
Ethnic minority 1.17 0.85–1.61 0.64 0.32–1.29 0.75b 0.57–0.99
Currently employed 0.82 0.65–1.03 1.02 0.67–1.54 0.97 0.81–1.16
Charlson comorbidity ≥4 1.54c 1.12–1.94 2.01c 1.36–2.98 1.25b 1.03–1.52
Frailtyd       
  Moderately frail 1.31 1.03–1.68 1.22 0.80–1.86 0.57c 0.47–0.69
  Severely frail 1.89c 1.42–2.50 1.24c 0.74–2.06 0.71 0.56–0.90
Risk of surgerye       
  Medium risk 1.15 0.89–1.50 1.73 1.07–2.79 0.74 0.61–0.89b

  High risk 1.72c 1.28–2.30 1.57 0.91–2.70 0.78 0.62–0.99
General anesthesia 1.70c 1.24–2.34 3.30c 1.63–6.68 1.71c 1.37–2.14
Length of surgery 1.00c 1.00–1.01 1.00 1.00–1.01 1.00 1.00–1.01
Current tobacco use 1.05 0.85–1.30 1.04 0.72–1.51 1.18 0.98–1.41
Current alcohol use 0.96 0.77–1.21 1.08 0.72–1.62 0.92 0.78–1.09
Intercept …  …  …  
No. observations       
  Read 2828  2828  2828  
  Used 2793  2784  2681  
LLR       
  χ2(11) 131.607  53.816  98.371  
  Probability > χ2 <.0001  <.0001  <.0001  
C-statistic (ROC) 0.669  0.690  0.610  
Hosmer and Lemeshow       
  χ2(8) 9.051  9.478  6.534  
  Probability > χ2 0.338  0.304  0.588  

Abbreviations: CI, confidence interval; LLR, log likelihood ratio; OR, odds ratio; QoL, quality of life; ROC, receiver operating characteristic; SATISFY-SOS, Systematic 
Assessment and Targeted Improvement of Services Following Yearlong Surgical Outcomes Surveys.
aQoL came from a single question in SATISFY-SOS 30-d survey (“How would you rate your quality of life now”) with response formats expressed on a 3-point scale 
(better, the same, or worse). For this logistic regression, QoL was dichotomized (same/worse = 1).
bP < .05.
cP < .01.
dThe reference category is the “not frail” class.
eThe reference category is “low risk surgery.”
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of this final pool of markers indicated that patients were 
unable to do what they were accustomed to as part of their 
normal routine activities and this was attributed to a multi-
tude of limitations.

It is important to note that like Fried et al,1 we too obtained 
3 phenotypes; however, the composition of the phenotypes 
differed greatly. Fried et al1 felt that having more burdens 
accentuated differences in the phenotype classes, however, 
we found that classes differed based on their composition 
in addition to the sheer number of markers defining each 
class. Looman et al44 also found very heterogeneous classes 
in their analyses of data obtained from older people resid-
ing in the Netherlands. A careful examination of their class 
structure indicates very similar classes to our findings albeit 
with a minor distinction regarding the role of psychologi-
cal frailty. In our study, the distinction of being assigned to 
the moderately frail class was based primarily on endorsing 
physical deficits, whereas assignment to the severely frail 
class entailed endorsing not only physical burdens but also 
fitness and functional limitations and a wide range of emo-
tional problems that collectively hindered patients’ activity 
levels. These “typological” distinctions may evade detec-
tion during a clinical examination because they require sift-
ing through a large number of responses and mixing and 
matching to come up with a clear picture of the patient’s 
day-to-day living and their various impairments. They are, 
however, important indicators of the most severely frail 
patient.

Validation of the phenotypes in terms of 3 relevant 
surgical outcomes also shows how class membership dif-
fered in terms of real-world experiences. These experiences 
included returning to the hospital, worsening quality of 
life after surgery, and complications from surgery. Despite 
the fact that the logistic models produced modest concor-
dance statistics (ie, C-statistics varying between 0.6 and 0.7), 
indicating that additional covariates are perhaps needed to 
gain model precision, overall, this information should be 
quite useful to clinicians whose objectives include relating 
perioperative information to surgical outcomes as part of 
the decision process determining the suitability of patients 
for surgery. Importantly, the increased risk associated with 
severely frail patients cannot be attributed to potential 
demographic (ie, age) or disease comorbidity, and intraop-
erative anesthetic care, and detrimental lifestyle factors (ie, 
smoking), which were statistically controlled. Nevertheless, 
we cannot exclude confounding from unmeasured vari-
ables. Interestingly, in contrast to findings from other stud-
ies,45–47 we were not able to firmly predict readmission from 
frailty class membership.

We also found that moderately frail patients had a lower 
odds of reporting poor quality of life after surgery compared 
to the not frail, whereas we should expect greater frailty 
severity to be associated with poorer functional outcomes 
and limitations. There are many reasons for this surprising 
finding, some of which may tap into expectations of relief 
from pain and other “cognitive or motivational” factors that 
can differentiate the frailty phenotypes but remain unmea-
sured. Moderately frail individuals may resign themselves 
to the plethora of limitations they experience and not get 
their hopes up for a better quality of life even with the surgi-
cal intervention. As a clinical phenotype, they do not have 

as many problems or functional limitations as the severely 
frail and thus, may not feel that their quality of life has been 
adversely affected at that point in time. They also comprise 
the largest percentage of individuals who reported their 
quality of life was better, and only a very small percentage 
(<10%) reported their condition as “worse” after surgery, 
thus limiting the possibility of optimally detecting why they 
felt improved quality of life after surgery.

Limitations
There are several important limitations associated with this 
study. The surgical patients originated from a single center 
reflecting the demographic composition of this particular 
hospital and the region it primarily serves. In addition, most 
of the surgeries were elective, suggesting the need to vali-
date the current findings with different and more hetero-
geneous cohorts of surgical patients to confirm that frailty 
subtypes exist independent of environmental conditions, 
cultural issues, and practice specialties.

In several instances, we used self-reported proxies as 
“markers” to canvass the different frailty domains. With the 
Fried approach, this is not so problematic given that only 
5 physical burden items are needed to replicate the pheno-
types. However, the inclusion of other domains assessing 
functional limitations, social activities, emotional, and cog-
nitive performance measures requires new instrumentation 
to be introduced into the discussion. This could potentially 
lead to extraction of uniquely different subtypes, as we 
found with the inclusion of 3 domains not considered by 
Fried et al.1 Additional registry-based studies with reported 
instrumentation representing as many domains as possible 
are needed to test the replicability of these findings using 
reasonable proxies.

Missing data may also present another limitation, albeit 
70% of the original registry database had complete data. 
Analyses to detect sample bias did not indicate significant 
differences between the subgroups with complete ver-
sus missing data. Still, subtle if not systematic differences 
may exist between these subgroups although they remain 
unmeasured. We also dichotomized ordinal and continu-
ous indicators used in the models. There is strong statisti-
cal evidence that with regression or other variable-centered 
approaches, this would undermine our ability to detect 
underlying statistical relations.48 However, LCA is a person-
centered technique that incorporates statistical information 
for each frailty marker based on patient endorsement (ie, 
yes/no). In this case, binary information is appropriate to 
indicate a patient giving a positive response (ie, “yes, this 
happens to me”). It is the presence versus absence of the 
symptom rather than its magnitude or level of intensity that 
matters in this type of analysis. Accordingly, there should 
be minimal loss of information from this data management 
procedure to fashion patterns of frailty markers and posit 
an underlying vulnerability.

CONCLUSIONS
This study distinguished subtypes of frailty based on com-
mon markers readily used in clinical practice. Distinguishing 
phenotypes based on symptomatology paints a more 
refined clinical picture of frailty and may help to clarify fea-
tures of the underlying syndrome.2,49,50 We extended current 
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frailty conceptual models that primarily emphasize physi-
cal burden markers by including compromised function-
ing in social, cognitive, and emotional health domains as 
well as physical functional limitations that may influence 
a patient’s will to live, thriving, and resilience.50–53 We also 
were able to identify a group of characteristically older frail 
patients that was most vulnerable to postoperative compli-
cations, suggesting that efficient risk assessments to detect 
frailty preoperatively in a systematic, objective fashion 
could be integrated into clinical practice.

Clinicians benefit from the progressive refinement of risk 
assessments that have important practice ramifications. A pre-
requisite to support this goal requires establishing an instru-
ment’s psychometric properties. The present study does this 
by clarifying frailty as a reliable and valid, albeit, multifaceted 
syndrome, including physical burden deficits, functional limi-
tations, and problems in living that underlie emotional health 
and social support. This more holistic view of frailty should 
have ramifications for multiple settings, including research, 
clinical, surgical, and policy initiatives. E
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