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Introduction/Background: Frailty identifies patients that have vulnerability to stress. 
Acute illness and hospitalization are stressors that may result in delirium and further 
accelerate the negative consequences of frailty.
Purpose: The purpose of this study was to determine whether frailty, identified at hospital 
admission and as measured by a frailty index, is associated with incident delirium.
Methods: A retrospective, observational, cohort study was done at a Veterans hospital 
between January 2013 and March 2014. English-speaking patients over 55 years were 
eligible. Exclusion criteria included inability to complete baseline assessments due to pre- 
existing cognitive impairment, emergent surgery; and/or admission from a nursing home, 
pre-existing delirium, and those with psychiatric disease or substance use disorder.
Main Outcomes and Measures: Frailty index (FI) variables included cognitive screening, 
physical function and comorbidities. The FI was calculated as a proportion of possible 
deficits (range 0 to 1; higher scores indicate increased frailty). Incident delirium was 
measured daily by an expert clinician interview.
Results: A total of 247 patients were admitted and 218 met inclusion/exclusion criteria, with 
a mean age of 71.54 years (SD = 9.53 years) and were predominantly white (92.7%) and male 
(91.7%). Participants were grouped using FI ranges as non-frail (FI <0.25, n=56 (26%)), pre- 
frail (FI =0.25–0.35, n=86 (39%)), and frail (FI >0.35, n=76 (35%)). Pre-frailty and frailty were 
associated with incident delirium (non-frail: 3.6% vs pre-frail: 20.9% vs frail: 29.3%, p=0.001) 
and total delirium days (mean day =non-frail 0.04 vs pre-frail 0.35 vs frail 0.57, p=0.003). After 
adjustment for sociodemographic factors, pre-frail (adjusted OR=5.64, 95% CI: 1.23, 25.99) 
and frail status (adjusted OR=6.80, 95% CI: 1.38, 33.45) were independently associated with 
delirium.
Conclusion: This study demonstrates that a frailty index is independently associated with 
incident delirium and suggests that admission assessments for frailty may identify patients at 
high risk of developing delirium.
Keywords: delirium, frailty, frailty index, Veterans, hospital

Introduction
Frailty in older adults is associated with longer hospital lengths of stay, progressive 
physical and cognitive decline, greater likelihood of institutional discharge, a higher 
risk of rehospitalization and higher levels of morbidity and mortality.1–3 

Characterized as an accumulation of deficits,4,5 frailty can occur in up to 59% of 
hospitalized older adults.3,6 Frailty is often measured or defined by decreases in 
muscle strength, impaired gait and/or balance, slowed movements and lowered 
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energy levels7 that makes them more vulnerable to stres-
sors associated with medical illness.3 For these reasons, it 
is important for clinicians to understand the importance of 
assessing for baseline frailty when acute illness results in 
hospitalization of an older patient.

The use of a frailty index (FI) is one way to operatio-
nalize assessment of frailty in older patients.5 Any FI should 
include identification of the accumulation of chronic co- 
morbid conditions, changes in organ function, and cognitive 
impairment.4 The level of frailty often varies between indi-
viduals and varies over time in most patients such that the 
use of a FI may allow for reclassification of frailty between 
hospitalizations; and even throughout the same hospital 
stay.4 Frailty is strongly associated with adverse outcomes 
including the development of delirium in older adults.8

Delirium is a form of acute brain dysfunction8 that is 
characterized by a sudden change in attention and an 
altered level of consciousness that fluctuates over time. 
Past studies found the incidence of delirium between 8% 
and 35% older adults in acute care settings9 and up to 89% 
among those with pre-existing cognitive dysfunction.10 

Delirium, like frailty, is associated with higher risk of 
increased morbidity and mortality,11 higher rates of insti-
tutionalization, and longer hospital lengths of stay.12

The objective of this study was to determine whether 
the use of a FI was independently associated with the 
development of incident delirium in hospitalized older 
patients.

Methods
Design
English-speaking adults over the age of 55 years admitted 
to the medical service at the Veterans Affairs Boston 
Healthcare System (VABHS) between January 2013 and 
March 2014 were eligible for inclusion in this retrospec-
tive study. Exclusion criteria included an inability to com-
plete baseline assessments due to pre-existing cognitive 
impairment, emergent surgery; and/or admission from 
a nursing home), delirium on initial assessment, and 
those with psychiatric disease or substance use disorder. 
Of the 247 patients hospitalized for medical or neurologi-
cal illness during the enrollment period, 218 (88.3%) met 
inclusion/exclusion criteria.

Ethics
This study was approved by the VA Boston Healthcare 
System Institutional Review Board (IRB). Participants 

provided written informed consent. This study was con-
ducted in accordance with the Declaration of Helsinki.

Frailty Index
The Frailty Index (FI) was built on an accumulation of 
deficits method as described by Searle, Rockwood et al13 

In this method, the FI is a summation of all measured 
variables. The main categories of variables included were 
functional abilities, cognitive tests, co-morbidities, and 
various physical capacity tests (See Supplemental Table 
1 for a full list of variables included in the FI).

Upon admission, Activities of Daily Living (ADLs)14 

(range 6 to 18; 18 – most independent) and Instrumental 
Activities of Daily Living (IADLs)15 (range 7 to 21; 7 – 
most independent) were collected using self-reported data. 
Both ADL and IADL measures were rated as independent, 
needing some assistance, or dependent and scored accord-
ing to published criteria.14,15 Montreal Assessment of 
Cognitive Function (MoCA) was performed by trained 
interviewers upon admission (range 0 to 30; 30-best cogni-
tive performance).16 Attention functions were captured with 
both days of the week backward (DOWB) and months of 
the year backwards (MOYB). Chronic comorbid conditions 
were collected to complete the Charlson Comorbidities 
Index (CCI);17 Each comorbidity within the CCI was 
included, unweighted, in the FI. Physical assessment data 
including grip strength as the average of three attempts 
measured by a grip strength dynamometer which was held 
in the dominant hand at 90 degrees.18 Activity capacity was 
measured using selected items from the Minnesota Leisure 
Time Activities questionnaire.19,20 Hearing deficit was 
defined as the inability to hear a 40-dB tone at 500Hz 
produced by a Welch Allyn audiometer. Vision deficit was 
defined as the inability to read 20/70 corrected at 19 inches. 
The initial frailty assessment was performed by trained 
research study personnel independent of the daily delirium 
assessments.

A frailty index ranging from 0 to 1 was created for 
each participant by summing the number of deficits in 
these variables, then dividing by the total number of pos-
sible deficits. Based on prior literature,13 we created non- 
frail (0.00–0.25), pre-frail (0.25–0.35), and frail (0.35–-
1.00) categorizations to aid in communication of the 
findings.

Delirium
Cognitive assessment for delirium was done upon admis-
sion and daily until hospital day 10 by a geriatric physician 
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with expertise in delirium. Delirium was determined by 
a clinician interview using American Psychiatric 
Association (APA) Diagnostic and Statistical Manual of 
Mental Disorders Fourth Edition Revised (DMS-IV-TR) 
criteria of 1) Disturbance in consciousness; 2) Change in 
cognition or perceptual disturbance not accounted for by 
pre-existing dementia; 3) Acute change and evidence of 
fluctuation; and 4) Suspected change as a result of an 
underlying medical condition as demonstrated by physical 
assessment, laboratory, or other data. During the partici-
pant interview, clinicians performed standardized cogni-
tive interviews. In addition to the participant interview, 
clinicians reviewed the electronic health record (EHR) 
and engaged with family members to better understand 
baseline cognitive status prior to hospitalization and deter-
mine if an acute change indicative of delirium was present. 
Initial cognitive assessment time ranged from 20 to 65 
minutes. Incident delirium was defined as delirium not 
present on enrollment but developed during the hospitali-
zation. The duration of delirium was the date of first 
positive delirium assessment to the date of the last positive 
assessment or discharge.

Statistical Analyses
Statistically significant differences among frailty index 
assigned groups were calculated via the Chi-Square test 
for categorical variables, and by ANOVA for continuous 
variables. Two-tailed tests were done for significance. 
Age, sex, race, education, and marital status were collected 
from the participant and by convention, are not included in 
the frailty index; however, they were included in the multi-
variate analysis. The Kruskal–Wallis test was used to 
assess the difference in non-normally distributed outcome 
variables across the 3 frailty groupings. Logistic regression 
was used to examine the association between frailty index 
assigned group and incident delirium. Multivariable logis-
tic regression modeling adjusted for demographic vari-
ables not included in the frailty index. Logistic model 
discrimination was described with the C-statistic and 
model fit was described with the Hosmer –Lemeshow 
goodness-of-fit. All statistical analyses were conducted 
with R version 3.5.2.

Results
Characteristics of the cohort are provided in Table 1. The 
overall cohort had a mean age of 71.54 years (SD=9.53), 
was predominantly male (n=202; 91.7%) and had a mean 
CCI of 5.42 (SD=2.99). Over 60% of the cohort completed 

high school (n=131). Mean ADL Score was 17.51 
(SD=1.22) and the IADL Mean Score was 9.31 
(SD=2.44). The mean MoCA Score was 20.35 (3.92) and 
5% (n=11) of individuals in the cohort had a diagnosis of 
dementia.

The sample included those who were determined to be 
non-frail (n=56; 25.6%), pre-frail (n=86; 39.4%), and frail 
(n=76; 35.1%) by the FI provided in Table 1. Using the 
defined frailty index categories, pre-frail and frail Veterans 
were older than non-frail participants with mean ages of 
70.56 (SD=8.47); 77.36 (SD=9.27); and 65.16 (SD=6.39), 
respectively (p<0.001). Of those who were frail, only 
48.7% obtained education beyond the high school level, 
compared to 67.9% of those who were non-frail (p=0.008). 
Frail participants were more likely to have functional 
deficits, cognitive impairment, and co-morbidities. There 
were 144 participants (66.06%) with any IADL deficit. 
Mean MoCA Score was 17.26 (SD=3.32) in those who 
were frail compared to 24.11 (SD=2.69) in those who were 
non-frail (p=<0.001). Frail older adults were more likely to 
have hearing (53.5% vs 16.1%) and vision (38.2% vs 
10.7%) impairments (p<0.001).

Selected variables included in the generated FI are 
presented in Table 2. Functional assessments included 
ADLs, IADLs, grip strength, and activities. Cognitive 
testing components of the FI included the components of 
the MoCA, DOWB, and MOYB. All individual variables 
included in the FI are found in Supplemental Table 1.

Frailty and Delirium Interaction
Increasing FI scores are associated with increased delirium 
incidence. A total of 22 (29.3%) frail older Veterans, 18 
(20.9%) pre-frail, and 2 (3.6%) older non-frail Veteran 
developed delirium (p=0.001). Those who were frail had 
0.57 total delirious days in hospital (SD=1.18) compared 
to 0.53 days in those who were pre-frail (SD=0.88) or 0.04 
days in those who were non-frail (SD=0.19; p=0.003) 
(Table 3). In those who were delirium positive, non-frail 
patients had an average of 1.00 days delirious (SD=0), 
meaning there were only patients in that group with 
1 day. In contrast, frail patients with delirium had an 
average of 1.95 days delirious (SD=1.43; p=0.555). 
Overall length of stay did not differ significantly between 
the groups.

Delirium incidence and the intersection of cognitive 
and functional abilities are presented in Table 4. 
Cognitive function, as defined using MoCA, almost triples 
the risk of delirium. A total of 38.2% (26/68) of 
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participants with MoCA score ≤18 developed delirium. 
Functional impairment, as defined by IADL, doubled the 
risk of delirium in this sample. For participants with no 
IADL deficits, 10.8% (8/74) developed delirium and for 
participants with one IADL dependence (IADL Score ≥9), 
32.1% (17/53) developed delirium. Almost half, 46.15% 
(12/26) of those who had more cognitive deficits and 
functional impairments developed incident delirium during 
hospitalization compared to 2.86% of those with intact 
cognitive function and no IADL impairments. Both cog-
nitive and functional impairments were associated with the 
development of incident delirium in this sample.

In unadjusted analyses, pre-frail (OR=7.15, 95% CI: 
1.59, 32.16) and frail status (OR=11.21, 95% CI: 2.51, 
50.04) were associated with incident delirium. After 
adjustment for age, gender, race, marital status and educa-
tion that are not included in the FI, pre-frail (adjusted 

OR=5.64, 95% CI: 1.23, 25.99) and frail status (adjusted 
OR=6.80, 95% CI: 1.38, 33.45) were independently asso-
ciated with delirium (Supplemental Table 2). As 
a continuous measure, FI increased the odds of delirium 
by 7% per percentage increase (adjusted OR=1.07, 95% 
CI: 1.03, 1.12; Supplemental Table 3) There was a strong 
relationship between IADL deficits and frailty index 
(Figure 1) and also MOCA score and frailty index 
(Figure 2).

Discussion
In this prospective cohort study, incident delirium was 
more likely to occur in those who are considered frail, 
compared to those who are pre-frail or non-frail. As the 
frailty index is composed of cognitive performance, func-
tional performance, and co-morbid conditions, the accu-
mulation of deficits likely represents an increased 

Table 1 Study Sample Baseline Characteristics (N=218)

Overall 
(n=218)

Non-Frail (0–0.25) 
(n=56)

Pre-Frail (0.25–0.35) 
(n=86)

Frail (0.35–1) 
(n=76)

Age mean (SD) 71.54 (9.53) 65.16 (6.39) 70.56 (8.47) 77.36 (9.27)*

Female n (%) 16 (7.3) 4 (7.1) 7 (8.1) 5 (6.6)

Race

Caucasian 200 (91.7) 52 (92.9) 80 (93.0) 68 (89.5)

African American 13 (6.0) 3 (5.4) 4 (4.7) 6 (7.9)
Other 5 (2.3) 1 (3.6) 2 (2.3) 2 (2.6)

Education level

Less than high school 35 (16.1) 3 (5.4) 11 (12.8) 21 (27.6)*

High school graduate 52 (23.9) 15 (26.8) 19 (22.1) 18 (23.7)
More than high school 131 (60.1) 38 (67.9) 56 (65.1) 37 (48.7)

Marital status n (%)
Single 31 (14.2) 6 (10.7) 10 (11.6) 15 (19.7)

Married 103 (47.2) 32 (57.1) 39 (45.3) 32 (42.1)

Divorced 47 (21.6) 12 (21.4) 26 (30.2) 9 (11.8)
Widowed 24 (11.0) 2 (3.6) 5 (5.8) 17 (22.4)

Other 13 (6.0) 4 (7.1) 6 (7.0) 3 (3.9)

Marital status non-married n (%) 115 (52.8) 11 (39.3) 60 (52.6) 44 (57.9)

ADL total score mean (SD) 17.51 (1.22) 17.96 (0.19) 17.60 (1.02) 17.08 (1.66)*

IADL total score mean (SD) 9.31 (2.44) 7.55 (0.91) 8.69 (2.03) 10.79 (2.66)*
Average grip strength mean (SD), kg/m2 60.05 (19.61) 72.74 (19.10) 60.12 (17.05) 50.66 (17.57)*

Montreal Cognitive Assessment score (MoCA) 

mean (SD)

20.35 (3.92) 24.11 (2.69) 20.64 (2.63) 17.26 (3.32)*

Correct months of the year backwards mean (SD) 0.71 (0.45) 0.86 (0.35) 0.71 (0.46) 0.61 (0.49)*

Charlson Comorbidity Index total mean (SD) 5.42 (2.99) 2.79 (2.39) 5.41 (2.33) 7.37 (2.56)*

Presence of dementia n (%) 11 (5.0) 0 (0.0) 3 (3.5) 8 (10.5)*
Presence of hearing deficit n (%) 77 (35.6) 9 (16.1) 28 (32.9) 40 (53.3)*

Presence of vision deficit n (%) 43 (19.7) 6 (10.7) 8 (9.3) 29 (38.2)*

Note: *Indicates p-value <0.05 between non-frail, pre-frail, and frail groups.
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vulnerability to the acute stress of illness requiring hospi-
talization. In addition, the association of frailty index and 
incident delirium remained after adjustment for age, edu-
cation, and other demographics. Delirium in this frail 
group is also likely to last longer. Understanding the 
association between factors for frailty and risk for devel-
opment of delirium is critical for clinicians so that appro-
priate measures can be put in place to prevent delirium. 
Frailty Indices can be developed using in-person assess-
ment and/or electronic health record data. They need to be 
used consistently and those identified as pre-frail or frail 
need subsequent follow-up.

Other studies have found an association between frailty 
and delirium. Upon discharge from the hospital, Verloo 
et al21 found that 9 out of 10 older adults classified as frail 
also had delirium. In the emergency department setting, 
delirium was found to be more than three times as likely to 
occur in frail older adults compared to non-frail after 
adjusting for age and sex.22 And in older adults who 
were pre-frail or frail prior to surgery, delirium was more 
likely to occur23 along with increased delirium severity 
scores.24,25 However, our study adds an additional per-
spective of non-surgical, general medicine, hospitalized 
older Veterans. In addition, we expand upon the interrela-
tionship of physical frailty and cognitive frailty.26 Our 
research reports that those were more were more 

Table 2 Frailty Index and Its Components (N=218)

Frailty Index score mean (SD) 0.32 (0.10)

ADL score deficits mean (SD) 0.24 (0.61)
IADL score deficits mean (SD) 1.06 (1.22)

Grip strength < 32kg/m2 n (%) 14 (6.5)

Montreal Cognitive Assessment Score deficits mean (SD) 9.65 (3.92)
Correct months of the year backwards mean (SD) 155 (71.1)

Correct days of the week backwards mean (SD) 214 (98.2)

Unweighted Charlson Comorbidity Index mean (SD) 4.94 (2.71)
Dementia n (%) 11 (5.0)

Metastatic cancer n (%) 7 (3.2)

Severe liver failure or cirrhosis n (%) 13 (6.0)
Immunosuppression n (%) 8 (3.7)

Lymphoma n (%) 4 (1.8)

Leukemia n (%) 5 (2.3)
Chronic kidney disease n (%) 24 (11.0)

Diabetes n (%) 11 (5.0)

Chronic pain n (%) 39 (17.9)
Presence of hypertension (>130/80) n (%) 125 (57.3)

Hearing deficit n (%) 77 (35.6)

Vision deficit n (%) 43 (19.7)
Smoking n (%) 37 (17.0)

Drinking n (%) 6 (2.8)

Difficulty walking a mile n (%) 127 (58.3)
Everything you did took effort in the past week n (%) 113 (51.8)

Someone who lives with you provides help n (%) 32 (14.7)

Receive services at home n (%) 35 (16.1)
Unintentional weight loss > 10 lbs in one year n (%) 76 (34.9)

Difficulty using stairs n (%) 74 (33.9)

Table 3 Frailty Index and Incident Delirium (N=218) for Total Delirium Days and Length of Stay

Non-Frail (FI<0.25) 
(n=56)

Pre-Frail 
(FI=0.25–0.35) 
(n=86)

Frail 
(FI>0.35) 
(n=76)

p-value

Incident delirium n (%) 2 (3.6) 18 (20.9) 22 (29.3) 0.001
Total delirium days in hospital across sample mean (SD) 0.04 (0.19) 0.35 (0.88) 0.57 (1.18) 0.001

Total delirium days in hospital among those with delirium mean (SD) 1.00 (0.00) 1.67 (1.24) 1.95 (1.43) 0.555

Length of stay mean (SD) 3.34 (4.18) 6.10 (12.53) 6.28 (11.85) 0.126

Abbreviations: FI, frailty index; IQR, interquartile range.

Table 4 Delirium Incidence by Cognitive (MoCA) and Functional Ability (IADL) Scores (N=218)

IADL Score

IADL=7 7.5≤IADL≤8.5 IADL≥9

MoCA score MoCA ≥25 1/15 (6.67%) 1/14 (7.14%) 1/6 (16.67%)
MoCA 19–25 4/45 (8.89%) 6/49 (12.24%) 4/21 (19.05%)

MoCA≤18 3/14 (21.43%) 11/28 (39.29%) 12/26 (46.15%)

Abbreviations: MoCA, Montreal Cognitive Assessment; IADL, instrumental activities of daily living.
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cognitively impaired and had a greater impairment in 
IADLs were more likely to develop delirium. While the 
concept of frailty as vulnerability is established, direct 
patient measurements of physical function, cognitive func-
tion, and delirium are not reported in the literature.

Frailty is a difficult concept to measure and the clinical 
challenge of how to capture this data in a busy hospital 
environment remains a significant issue for research and 
practice.27 Although our data was captured from direct 
physical and cognitive assessments, there is an opportunity 
to think about how to capture this data electronically 
within the context of and electronic medical record. 
Rockwood & Howlett4 identify electronic frailty indices 
(eFI) as a next step in widespread implementation and 
there ongoing efforts to validate claims-based frailty 
measures.28,29 As health systems increase in the exposure 
to population management, the measurement of frailty 
upon admission will provide important context to the 
acute illness and allow for the best appropriation of ser-
vices to those most in need. Recent efforts by the National 
Institute of Aging (NIA) and the John Hopkins Older 

American Independence Center have suggested that addi-
tional work needs to be done regarding implementation of 
frailty assessments in clinical practice.27 Future work may 
also need to consider the phenotypes of frailty.

Intervening in the course of a hospitalization for those 
older adults identified as pre-frail or frail may help to 
prevent delirium and/or further cognitive and physical 
declines. There are several practical strategies that clini-
cians can use in the hospital to manage frailty which may 
also prevent delirium.9 First, thorough assessment of phy-
sical and cognitive function is needed. Also, understanding 
the patient’s baseline abilities prior to acute hospitalization 
and illness is needed to determine the presence of delir-
ium. Prehospital and in-hospital medication evaluation and 
management should be included as a component of 
a detailed assessment. Second, physical and occupational 
therapies, as well as a nutritionist or dietician, should be 
involved when warranted to maintain function and prevent 
additional decline.30,31 Mobility programs may also be 
used to encourage physical activity.32,33 Lastly, communi-
cation between healthcare team members, the patient, and 

Figure 1 IADL deficits versus frailty index.  
Notes: Spearman’s rank correlation for deficits in IADLS versus frailty index. S=706,490, p-value <0.001. Rho = 0.591.
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involved informal, family members should be coordinated 
by nurse liaisons or social services as appropriate.

This study used the accumulation of deficits theory and 
similar methodology,13 to construct a frailty index from 
rigorous, in-person assessment methods that associate 
frailty with incident delirium in hospitalized older adults. 
In comparison to other in-hospital frailty indices, the data 
used to develop this FI was participant-reported and col-
lected, not based on claims data. Evidence suggests that 
in-person frailty assessments may be most useful to clin-
icians and older adult patients.34

There are a number of potential limitations to this 
study. First, the sample was collected within the US VA 
healthcare system where the patients are primarily white 
males, so generalizability may be impacted. Second, our 
findings document an association between frailty and 
delirium and does not represent a causal relationship. 
Thirdly, several of the deficits of the frailty index measure 
attention, which is a key criterion in the diagnosis of 
delirium, so there is an overlap. Lastly, this study excluded 
patients who resided in long-term care facilities prior to 

hospitalization. While the number was relatively low 
(n=7), this population may be more likely to be frail and 
more vulnerable to delirium.

Conclusion
For frail older adults, acute illness resulting in hospitaliza-
tion is associated with the development of delirium, a form 
of acute brain dysfunction. Identifying frail patients on 
hospital admission may identify those at high risk for the 
development of delirium and may allow for interventions 
intended to decrease the likelihood that this vulnerable 
patient population will develop incident delirium.
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Figure 2 MOCA versus frailty index.  
Notes: Spearman’s rank correlation for deficits in MOCA versus frailty index. S = 3,022,100, p-value <0.001. Rho = - 0.750.
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