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Abstract

Background. In older adults admitted to intensive care units (ICUs), frailty influences prognosis.
We examined the relationship between the frailty index (Fl) based on deficit accumulation and
early and late survival.

Methods. Older patients (>65 years) admitted to a specialized geriatric ICU at the Liuhuaqgiao
Hospital, Guangzhou, China between July-December 2011 (n = 155; age 82.7+7.1 y; 87.1% men)
were followed for 300 days. The Fl was calculated as the proportion present of 52 health deficits. Fl
performance was compared with that of several prognostic scores.

Results. The 90-day death rate was 38.7% (n = 60; 27 died within 30 days). The Fl score was
correlated with the Glasgow Coma Scale, Karnofsky Scale, Palliative Performance Scale, Acute
Physiology Score—APACHE Il and APACHE IV (2 =0.52 to 0.72, p < 0.001). Patients who died within
30 days had higher mean Fl scores (0.41+0.11) than those who survived to 300 days (0.22+0.11;
F = 38.91, p < 0.001). Each 1% increase in the Fl from the previous level was associated with
an 1% increase in the 30-day mortality risk (95% Cl: 7%-15%) adjusting for age, sex, and the
prognostic scores.The Fl discriminated patients who died in 30 days from those who survived with
moderately high accuracy (AUC = 0.89+0.03). No one with an Fl score >0.46 survived past 90 days.
Conclusion. ICU survival was strongly associated with the level of frailty at admission. An Fl based
on health deficit accumulation may help improve critical care outcome prediction in older adults.
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Everywhere in the world, with aging, people accumulate more health
problems. The more health problems they accumulate, the more diffi-
cult it is to recover to a healthier state, and the greater the risk of wors-
ening and death (1). This increased risk is not the same for every older
adult (2). People at greater risk compared with others of the same age
are said to be frail (1-3). As populations age, the complexity of frailty
challenges healthcare systems, especially intensive care provision (4-9).

The complexity of frailty arises from both the number of prob-
lems that are active simultaneously and the tendency for intervention
in one system (eg, diuretics to improve heart function) to adversely
impact other systems (1,4,10). For instance, a patient with respira-
tory failure needs mechanical ventilation to improve oxygen supply
but the high PEEP improving oxygenation can decrease return blood
volume, thus inducing hypotension. Likewise, needed antibiotics can
wipe out normal gut flora, predisposing to opportunistic infections.
Many frail older adults can only live at home with the care provided
them by family members, whose understanding and expectations can
vary, making care planning difficult (11,12).

These considerations commonly challenge contemporary manage-
ment of critical illness (8,9,12-16). Briefly, intensive care units (ICUs)
are challenged to understand which older adults are most likely to
benefit (8,9,12). In these circumstances, considering frailty might help
(1,3,4,9,13). Typically, ICUs employ several prognostic scores, focus-
ing on acute episodes, consciousness, vital signs, and disease severity
on admission. Most scores include age, but do not precisely assess
comorbidity and prehospital functional status or disability, or het-
erogeneity of health status. Just as the degree of illness severity and
organ compromise are measured by standard ICU prognostic scores,
$0 t0o, in other settings, does the degree of frailty appear to influence
the risk of adverse outcomes (1,4,17,18). In short, measuring not just
the presence of frailty, but also its severity, might add value.

A frailty index (FI) measures health deficit accumulation. It dem-
onstrates that people are frail when they have more things wrong:
on average, the more things that someone has wrong with them,
the more likely they are to die (1,4,19,20). Briefly, the FI counts
an individual’s health problems, broadly defined by biological and
clinical characteristics, and expresses this as the ratio of the deficits
present in the person to the total number of deficits considered in a
given setting. The FI shows characteristic behavior: an age specific
increase; strong association with mortality risk; and a quantifiable
limit, beyond which score few survive (20-23). These characteristics
have been verified in multiple studies (24-27). Of note, in institu-
tionalized and clinical patients who are seriously ill, the FI score is
more important than age in predicting survival (28-30).

Even though the FI has been validated in acutely ill older adults
admitted to hospital (1,28-31), and in prehospital care (32), less is
known about its use in ICUs. Here, we hypothesized that ICU survival
and overall mortality are closely related to the degree of frailty prior
to ICU admission, so that people with higher FI scores are less likely
to survive. The objectives were to: (a) construct an FI to evaluate the
health status of older adults admitted to the ICU; and (b) examine the
relationship between the FI score and survival to 30 and 300 days in
comparison with several commonly employed ICU prognostic scores.

Methods

Participants and Setting

This is a prospective cohort study of patients admitted to a special-
ized Geriatric ICU at the Liuhuaqiao Hospital in Guangzhou, China.
Founded in 1933, it grew out of the General Hospital of Guangzhou
Military Command. Since 2009, it has been open to the general

public, and named “Liuhuaqiao,” meaning “flowing flowers bridge.”
The hospital has 60 departments and more than 1,800 ward beds. It
treats all eligible patients, from the army or the community, follow-
ing the same standards. Costs for retired military patients are fully
covered by the army. Community patients are covered by social and/
or variable levels of private insurance.

The 16-bed specialized Geriatric ICU, established in 2007,
provides critical care for older patients with serious conditions. It
addresses the challenges of providing care, especially to senior mili-
tary officials, in a cultural expectation that filial piety is often best
demonstrated by “doing everything” without regard to a patient’s
age, prior level of function, or potential outcomes (13). Over 500
patients are admitted each year, chiefly for ventilation and pressor
support. The specialized geriatric ICU has significantly improved
survival of older adults, for example recording a 50% mortality
reduction compared to when they were cared for in the general ICU.

Here, all ICU patients aged 65+ years admitted between July
2011 and December 2011 were evaluated (n = 155; including
114 retired military officials). Mortality data were collected up to
November 1, 2012 through death certificates, decedent records, and
medical records, or contact with the next of kin or other caregivers.
Several scores commonly used in ICU and/or geriatric care settings
were recorded, including the Glasgow Coma Scale (33), Karnofsky
Performance Scale (34), Palliative Performance Scale (35), Acute
Physiology Score (36), and Acute Physiology and Chronic Health
Evaluation—APACHE-II (37) and APACHE-IV (38).

Constructing the Fl

An FI was constructed for each patient, using variables drawn from
ICU admission records of acute medical conditions, chronic diseases,
symptoms, signs, premorbid function (from an informant), lifestyle,
health attitude, psychological health, and laboratory measures.
Following a standard procedure (39), all items which met the criteria
for being counted as a deficit in the FI were selected. To be counted
as a deficit, a variable should: be health related; be present in the
general population in at least 1% of people, but in fewer than 80%;
increase in prevalence with age in the general population; be related
to death or other adverse health outcomes (eg, institutionalization),
and; contain <5% missing data. Any FI should have >30 variables,
covering several organ systems (39). Premorbid status (eg, mobil-
ity and dependence scores) was defined as the average performance
1 month prior to admission.

Fifty-two variables satisfied these criteria (Supplementary
Appendix 1). Thirty-six patients had missing values for 1-2 vari-
ables (1.9%-3.8%). Of the 13 variables with any missing values,
most were missing in just 1 or 2 patients; two variables were missing
a maximum of 9 cases (4.3%). Missing values were replaced using
the variable’s nonmissing mean. To better understand which items
most influenced FI behavior, we also subdivided it into a chronic
FI (n = 23 items) and an acute FI (7 = 31 items) (Supplementary
Appendix 1). The variables are similar to those used in related pub-
lications (20-27). The ICU risk scores typically did not contain
neuropsychiatric items, as these are not addressed in ICU guidelines
(Supplementary Appendix 2).

Among the 52 variables, 15 had 2 levels (absent/present), 6 had
3 levels, 2 had 5 levels, 1 had 7 levels, and the remaining 31 were
continuous. Each variable was recoded to a value between 0 and
1, that is, “1” indicating the highest level of a problem and “0” its
absence. Cut-point selection for recoding was based on established
criteria and the diagnostic recommendations used in the hospital
(Supplementary Appendix 1). An FI value was calculated for each
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subject as the proportion of deficits present (ie, all deficits summed
and divided by 52). Theoretically, FI values can range from 0 (no def-
icits present) to 1 (all deficits present). Even so, an FI > 0.7 is seldom
(<1%) observed; this appears to represent a natural limit to frailty,
beyond which survival is not possible (1,22,23). Higher FI values
indicate a greater level of frailty, and thus worse health and greater
vulnerability to adverse outcomes, and vice versa. Variable selection,
grouping, and recoding were performance prior to FI construction
and further statistical analyses.

Statistical Analysis
Data are presented as means and standard deviations for continuous
variables and percentages for discrete variables. Analysis of variance
and chi-square (y?) tests were used respectively to compare group
differences in the means or percentages. To evaluate the relationship
between each measure and survival, logistic regression was used to
calculate the likelihood and 95% confidence intervals (CIs) of early
death (less than 30 days) versus survival to the end of the study period
(300 days). The Akaike information criterion was calculated for each
score based on maximum likelihood from logistic regression to evalu-
ate the relative quality of the model fitting. Cox proportional hazard
models were employed to estimate the age/sex adjusted survival prob-
ability. FI values were graded to 0-100 integers by rounding the FI
after multiplying it by 100, so as to evaluate the change in risk seen
with each percent increment of the FI and other measures. To evalu-
ate the value added by the FI, the FI and each score was tested in
separate models, as well as in the same model. The all factor FI and
the acute or chronic FI were also included in the Cox proportional
hazard model to test which index explained more variability when
adjusting for each other. Performance of the scores in classifying
patients who died and who survived was assessed by the area under
receiver operating characteristic curves (Supplementary Appendix 3
details the sensitivity and specificity at various cut points). Kaplan
Meier survival probabilities were evaluated using each score, strati-
fied to assay clinically useful cut-points (ie, 30% subsample with the
best score, 10% with the worst, and two levels in between).

Data analyses were conducted using SPSS version 19.0 and codes
developed using Matlab v8. Statistical significance level was set at
= 0.05.

Ethics

Data collection was approved by the Guangzhou Liuhuagiao
Hospital authority. Informed consent was collected from each par-
ticipant or next of kin. The data analysis protocol was approved by
the Research Ethics Board at the Capital District Health Authority,
where the analyses took place.

Results

Most patients were married (91.6%) men (87.1%) who lived
with family members (99.4%). The mean age was 82.7+7.1 years
(median: 84; range: 65-103). During the 300-day follow-up, 60
patients died (38.7%), among whom 27 (45.0%) died within the
first 30 days. Most (53) of the 60 deaths occurred in hospital, two
in long-term care institutions, and five at home. Notably, on average
people who died were not older than those who survived; instead,
they had higher FIs (poorer health) and worse prognostic scores
(Table 1). Most patients (7 = 139, 89.7%) had multiple deficits, with
sepsis, hypertension, coronary heart disease, diabetes, dementia, and
renal dysfunction being most common. When considered individu-
ally, 29 of the 52 deficits used in the FI were significantly associated

with death (p < 0.05). Of the remaining 23 deficits, 16 were more
often present in those who died (Supplementary Appendix 1).

When deficits were considered collectively, the FI score ranged
0.06-0.63. The FI score was correlated with each prognostic score,
that is, Glasgow Coma Scale, Karnofsky Performance Scale, Palliative
Performance Scale, Acute Physiology Score, and Acute Physiology
and Chronic Health Evaluation—APACHE-II and APACHE-IV (r?
ranged between 0.52 and 0.72, ps < 0.001), and varied significantly
by survival status (Figure 1): higher in patients who died within
30 days (FI = 0.41+0.11) than in the survivors (FI = 0.22+0.14,
F = 38.91, p < 0.001; Table 1). All patients with FI scores < 0.22
(7 =62 or 40%) survived 30 days, whereas all patients with FI scores
>0.46 (n = 15 or 10%) died within 90 days (Figure 1; maximum sur-
vival = 66 days). The AUC was 0.89 (95% CI = 0.83-0.95) for the FI
in classitying individuals who died within 30 days against those who
survived, comparable with the prognostic scores (Table 2). Including
the FI in the same model with a prognostic score often led to an
improved Akaike information criterion or AUC, or both (Table 2).

In an age-sex adjusted model, the FI was associated with an
increased risk of death (with each 1% increase in the FI from the
previous level, for example, from 0.18 to 0.19, the relative risk ratio
for 30-day death =1.11, 95% CI = 1.07-1.15). Similarly, the FI was
also associated with the risk of 300-day mortality (Supplementary
Appendix 4). As a worked example, people of the same age and sex
would be nine times more likely to die within 30 days if the FI at
admission was 0.38 than if it was 0.18 (ie, el011*(0:38-018)100 = 9 (2,
Table 3, Model 1). The risk ratio for the FI remained significant when
the ICU scores were also adjusted for in the models (p < 0.05), whereas
age was not, nor the Glasgow Coma Scale or Acute Physiology and
Chronic Health Evaluation (Table 3, Model 2). The acute and chronic
Fls showed lower predictive values than did the all-factor FI (Table 3).

A robust dose-responsive survival probability was observed with the
FI, as with most of the prognostic scores (Figure 2A,B). The 15 patients
with FI > 0.46 and 100% mortality were not so identified using other
scores (Figure 2A,B). Five of these 15 patients did not also have the
worst APACHE-IV scores, that is, the two best-performing scores iden-
tified different subsets of patients with the highest risks of death.

Discussion

We evaluated whether frailty was related to survival in older people
admitted to a specialized geriatric ICU, and compared an FI, with
several commonly used ICU prognostic scores. All were strongly
associated with survival, and the performance of the FI was at least
as good as any ICU score. In addition, the FI identified a group of
people who were least frail (with FI < 0.22; corresponding to 40%
of the sample) all of whom survived 30 days, and a least fit group (FI
> 0.46; 10% of the sample), none of whom no one survived beyond
66 days. In short, the degree of frailty, as estimated by both acute
deficits and information gathered on function, mobility, and health
attitude 1 month prior to admission, was closely related to critical
care survival in older adults.

Our data contribute to understanding whether knowledge about
the extent of premorbid deficit accumulation adds prognostic value
in acutely ill patients (28-32). An important part of understanding
prognosis is in needing to advise people about near-term outcomes
of hospital admission for frail older adults who are acutely ill (28—
30,40). For this reason, examining older patients who died within
days to months is of particular interest. Here, the FI showed that the
subset patients with the worst FI scores all died, whereas the subset
with the best scores all survived. Such complete mortality was not
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Table 1. Characteristics of the Sample at Admission, by ICU Survival Outcome
Variable Died Survived 300+ days F/Chi2 P
In30d In 31-300 d
N 27 33 95
Age (year) 82.4(7.2) 84.0 (6.6) 82.3(7.1) 0.75 0.473
Male (%) 88.9 90.9 85.3 0.79 0.674
Married (%) 85.2 93.9 92.6 1.81 0.404
Comorbidity (%) 96.3 75.8 92.6 9.08 0.011
Hypertension 51.9 36.4 68.4 11.02 0.004
Coronary disease 55.6 30.3 421 3.89 0.143
Diabetes 25.9 30.3 27.4 0.16 0.924
Hemiplegia 22.2 27.3 17.9 1.36 0.505
Chronic pulmonary disease 25.9 21.2 13.7 2.61 0.271
Chronic heart/renal insufficiency 18.5 3.0 8.4 4.45 0.108
Dementia 11.1 12.1 4.2 3.12 0.210
Cancer 14.8 9.1 1.1 9.46 0.009
Comorbidities, others 22.2 12.1 16.8 1.09 0.581
Respiratory disease 40.7 63.6 16.8 26.55 <0.001
Cardiovascular disease 29.6 15.2 31.6 3.36 0.187
Cardiovascular postoperative 7.4 3.0 27.4 12.29 0.002
Sepsis 48.1 21.2 6.3 26.95 <0.001
Digestive disease 3.7 3.0 7.4 1.11 0.575
Neurologic disease 3.7 3.0 6.3 0.68 0.711
Urologic disease 7.4 9.1 2.1 3.41 0.182
Other diagnose 7.4 6.1 8.4 0.20 0.907
Mechanical ventilation 81.5 54.5 11.6 55.43 <0.001
Analgesia with deep vein catheter 96.3 72.7 29.5 45.97 <0.001
Continuous veno-venous hemofiltration 63 0 24.2 7.40 40.00 <0.001
Glasgow Coma Scale (GCS) (/15)* 5(4.0) 11.0 (3.4) 13.5(2.6) 21.06 <0.001
Karnofsky Scale KS (/100)* 32 6 (15.3) 43.0 (16.1) 67.8 (20.3) 48.03 <0.001
Palliative Performance Scale PPS (/100)* 24.1 (15.8) 36 1(17.1) 61.3 (20.0) 52.34 <0.001
Acute Physiology Score APS (/252)1 50.4 (25.3) 7 (16.7) 17.7 (14.4) 40.00 <0.001
APACHEII (/71)t 20.7 (5.9) 16 8(5.8) 12.1(5.7) 26.57 <0.001
APACHE 1V (/299) 70.0 (25.6) 52.3 (18.3) 37.1 (14.6) 38.60 <0.001
Chronic FI (23 items) (/1.00) 0.48 (0.15) 0.43 (0.17) 0.29 (0.15) 22.88 <0.001
Acute FI (31 items) (/1.00) 0.36 (0.12) 0.27 (0.08) 0.17 (0.11) 36.38 <0.001
All-factor FI (52 items) (/1.00)1 0.41 (0.11) 0.34 (0.11) 0.22 (0.11) 38.91 <0.001

Notes: Data are presented as mean (standard deviation), unless as stated otherwise. (APACHE = Acute Physiology and Chronic Health Evaluation)

*A lower score is associated with poorer outcomes.
A higher score is associated with poorer outcomes.

predicted using any other scores. Clinically, it is often the prediction
of the best and worst outcomes that is most valuable in knowing
how to gauge expectations. By contrast, considerable uncertainty
typically accords any intermediate score, so impacts less on care
options. That the high-risk subsets from the FI and APACHE-IV (the
“best” performing prognostic scores) were not identical, suggests
that older adults who died quickly could have heterogeneous pro-
files, not always identified now. For example, here, an APACHE-IV
score as low as 60 (indicating low risk) was observed in two people
whose FI > 0.46 (indicating high risk) and who did not survive. This
brings to attention the potential value in taking frailty into account
when assessing critically ill older patients.

By using the FI and the risk scores in the same model, we were
able to address whether the FI added value to the ICU scores. The
FI allows many pieces of data to contribute information, even when
some deficits are not individually significant (1). Further, the all-item
FI includes 33 items that were not considered by APACHE 1V, and
35 items not considered by the Acute Physiology Score. Although the
standard ICU scores shared certain items with the FI, they notably
omitted essential information about premorbid function. Here, the

AUC changed variably with use of the FI, to a high level between
0.89 and 0.93. While an increase of AUC was observed in most cases,
the Kaplan Meier AUC remained 0.90 even though Akaike informa-
tion criterion was lower. This likely suggests the following: (a) FI
helps improve performance, especially when it was not high origi-
nally; (b) to better understand the data, different analysis approaches
may allow examinations from different angles; and (c) information
imbedded in the data can determine the accuracy limit of a model,
reflected by the <100% accuracy by using multiple models.

The redundancy of the human body makes it unlikely that two
summary scores would assess risk and be completely independent,
even with no overlap in their items. Indeed, this redundancy allows
for different versions of the FI—using differing items, differing num-
bers of items, and items of differing natures (eg, self-reported vs clini-
cal assessments)—to give similar results (41). Likewise, the items that
make up an FI can be sampled at random without loss of explanatory
power (42). The results suggest that the all-item FI explained more
variability compared to the partial ones; by taking into account the
accumulation of a large number of deficits, each can reflect an aspect
of the system and thus add information to understanding the data.
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How to best incorporate frailty in the ICU setting is challenging,
given that older patients needing critical care typically have complex
health conditions, and that multiple, interacting problems can vary
between individuals. Short-term mortality in older survivors arises
in relation not just to their acute illness, but to their overall state of
health, which is what the FI quantifies (1,3,43,44). Multiple deficits
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Figure 1. Proportional distribution of the frailty index (FI) by survival status
of patients admitted to the specialized geriatric ICU. Symbols (dots) represent
observational data; lines represent curves fit to the data. Blue: patients who
survived 300 days; red: died between 31 and 300 days; black: died within
30 days.The Fl ranged from 0.06 to 0.63. Here, all patients who died had Fl >
0.46 (n=15), whereas all patients who survived 30 days had Fl <0.22 (n=63).

in the same individuals challenge modern healthcare systems, which
have experienced enormous progress (and train people for, are reim-
bursed and evaluated) using a paradigm of single system illness and
“most responsible” diagnoses (3,45). Surrogate measures of physi-
ologic age offer the ability to stratify the risk for rapid deteriora-
tion related to a major event. Here, the FI combined the effects of
multiple problems in a single, graded variable that was easily opera-
tionalized from routine ICU assessments and combined them with
clinically relevant information that often is known by informants.
Using such instruments is part of a shift in how prognostic factors
for ICU outcomes are evaluated (9). Similarly, some measures now
commonly employed in ICUs might inform acute care of frail older
adults in geriatric medicine (43). Such interplay is part of the ration-
ale for specialized geriatric intensive care, which offers a range of
approaches—for example early mobilization (15) and playing atten-
tion to sleep (16)—that can make routine care less hazardous.

Our data also contribute to understanding frailty. Here, despite
the high prevalence of critical illness, the FI remained closely related
to the risk of death, consistent with other observations in seriously
ill patients (1,28-30). The limit to frailty (ie, FI < 0.7) notably held.
In short, this study joins virtually all others, including from commu-
nity-dwelling older Chinese adults (22,24), in demonstrating a quan-
tifiable extent to how many things an individual can have wrong
with them and survive. Such a submaximal limit is shared with
many other frailty measures, suggesting that locally adapted scales
can capture this important feature. This warrants further study, espe-
cially when frailty is measured across cultures.

Our study has important limitations. First, this is a single centre
study; whether the conclusion is generalizable warrants multicentre
investigations. Second, reflecting historical and social circumstances,
the sample consists mostly of men, and many from the military.
Previous studies have shown close relationships between age and the
FI and between FI and mortality in both men and women (1). Third,
our analysis has centred on 30-day mortality, and even though the

Table 2. Akaike Information Criterion (AIC) and Area Under the Curve (AUC) for the Risk of Death using Each Score with (Upper Lines) or
Without (Lower Lines) Including the All-Factor Frailty Index in the Model

Score Died in 30 d versus survived 300+ days (7 = 27 vs 95)
AIC AUC Std. Error 95% CI p
Lower Upper

GCS 115.50 0.79 0.05 0.69 0.90 <0.001
GCS + FI 93.08 0.89 0.03 0.83 0.95 <0.001
KS 100.34 0.90 0.03 0.84 0.96 <0.001
KS + FI 75.96 0.90 0.03 0.84 0.96 <0.001
PPS 94.12 0.91 0.03 0.85 0.97 <0.001
PPS + FI 72.18 0.92 0.03 0.86 0.97 <0.001
APS 170.37 0.89 0.03 0.82 0.95 <0.001
APS + FI 136.59 0.89 0.03 0.83 0.95 <0.001
Acute Physiology and Chronic Health Evaluation (APACHE-II) 158.81 0.86 0.04 0.79 0.93 <0.001
APACHEII + FI 159.96 0.92 0.03 0.86 0.97 <0.001
APACHE-IV 161.92 0.88 0.04 0.81 0.95 <0.001
APACHE 1V + FI 163.57 0.93 0.03 0.87 0.98 <0.001
Chronic FI (23 items) 158.21 0.82 0.04 0.73 0.90 <0.001
Chronic FI + FI 155.65 0.89 0.03 0.83 0.95 <0.001
Acute FI (31 items) 165.31 0.87 0.03 0.81 0.94 <0.001
Acute FI + FI 157.50 0.90 0.03 0.83 0.96 <0.001
All-factor FI (52 items) 161.60 0.89 0.03 0.83 0.95 <0.001

Notes: AIC = Akaike information criterion; APACHE = Acute Physiology and Chronic Health Evaluation; APS = Acute Physiology Score; AUC = Area under the
ROC curve; CI = Confidence Interval; FI = the 52-item all-factor frailty index; GCS = Glasgow Coma Scale; KS = Karnofsky Scale; PPS = Palliative Performance

Scale; p = level of Significance.
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Table 3. Cox Proportional Hazard Ratio for the Risk Using the Frailty Index and the Prognostic Scores

Model 1. Each score adjusted by age and sex

Score Died in 30 d versus survived 300+ days (7 = 27 vs 95)
B Exp (B) Wald 95% CI p
Lower Upper

GCS -0.24 0.78 27.42 0.72 0.86 <0.001
KS -0.07 0.93 32.74 0.91 0.96 <0.001
PPS -0.07 0.94 34.52 0.91 0.96 <0.001
APS 0.05 1.05 50.75 1.04 1.07 <0.001
APACHE II 0.15 1.17 29.55 1.10 1.23 <0.001
APACHE IV 0.05 1.05 50.75 1.04 1.07 <0.001
Chronic FI (23 items) 0.06 1.06 23.98 1.04 1.09 <0.001
Acute FI (31 items) 0.09 1.09 36.42 1.06 1.13 <0.001
All-factor FI (52 items) 0.10 1.11 34.13 1.07 1.15 <0.001
Model 2. Each score, adjusted by age, sex, and the frailty index

Models Died in 30 d versus survived 300+ days (1 = 27 vs 95)

B Exp (B) Wald 95% CI p
Lower Upper

Age -0.02 0.98 0.61 0.94 1.03 0.435
Sex 0.03 1.03 0.00 0.28 3.81 0.960
GCS -0.07 0.93 1.34 0.82 1.05 0.247
All-factor FI (52 items) 0.09 1.09 19.12 1.05 1.14 0.000
Age -0.02 0.98 1.00 0.93 1.02 0.316
Sex 0.00 1.00 0.00 0.28 3.66 0.994
KS -0.05 0.95 13.79 0.92 0.97 0.000
All-factor FI (52 items) 0.05 1.05 6.55 1.01 1.10 0.011
Age -0.03 0.97 1.32 0.93 1.02 0.251
Sex 0.04 1.04 0.00 0.28 3.79 0.954
PPS -0.05 0.95 16.26 0.92 0.97 0.000
All-factor FI (52 items) 0.05 1.05 7.24 1.01 1.10 0.007
Age 0.00 1.00 0.03 0.95 1.04 0.868
Sex -0.15 0.86 0.06 0.24 3.09 0.813
APS 0.03 1.03 6.72 1.01 1.05 0.010
All-factor FI (52 items) 0.06 1.06 5.07 1.01 1.11 0.024
Age -0.02 0.98 0.65 0.94 1.03 0.419
Sex -0.14 0.87 0.04 0.23 3.32 0.842
APACHE-II 0.05 1.05 1.88 0.98 1.14 0.170
All-factor FI (52 items) 0.08 1.09 14.09 1.04 1.14 0.000
Age -0.02 0.99 0.47 0.94 1.03 0.494
Sex -0.13 0.88 0.04 0.24 3.16 0.840
Apache-1V 0.03 1.03 7.01 1.01 1.06 0.008
All-factor FI (52 items) 0.05 1.06 4.64 1.00 1.11 0.031
Age -0.01 0.99 0.07 0.95 1.04 0.794
Sex -0.17 0.85 0.06 0.22 3.23 0.806
Chronic FI (23 items) -0.03 0.97 1.22 0.92 1.02 0.269
All-factor FI (52 items) 0.13 1.14 15.97 1.07 1.22 0.000
Age -0.01 0.99 0.11 0.95 1.04 0.739
Sex -0.11 0.90 0.02 0.24 3.42 0.877
Acute FI (31 items) 0.03 1.03 0.64 0.96 1.09 0.424
All-factor FI (52 items) 0.08 1.08 4.59 1.01 1.16 0.032

Notes: APACHE = Acute Physiology and Chronic Health Evaluation; APS = Acute Physiology Score; CI = Confidence Interval; FI = the 52-item all-factor frailty
index; GCS = Glasgow Coma Scale; KS = Karnofsky Scale; PPS = Palliative Performance Scale; p = level of Significance.

300-day data demonstrated similar trends, these might not hold
for other follow-up periods. Constructing an FI can be a significant
amount of work, especially recoding variables. Furthermore, as is
common even with research studies, there were missing values for

some variables, which can affect generalizability. Here, our data
showed consistent features in other ICU samples; for example, the
high proportion with comorbidities was also seen in a large study
where 79.4% of ICU patients had comorbidities (46).
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Figure 2. Kaplan Meier survival probability (KM) of patients admitted to the specialized geriatric ICU as a function of time (days). Each color represents the survival
curves of a separate score. Panel A: black—frailty index; red—APACHE-IV (Acute Physiology and Chronic Health Evaluation IV). Panel B: yellow—GCS (Glasgow
Coma Scale); blue—KPS (Karnofsky Performance Scale); purple—PPS (Palliative Performance Scale); cyan—APS (Acute Physiology Score); green—APACHE-II
(Acute Physiology and Chronic Health Evaluation). For each score, survival data were stratified into four clinically useful groups; ie, 30% subsample with the best
score (dashed lines), 10% with the worst score (solid lines), and two levels in between representing 30% subsamples each (dotted lines and dot-dashed lines).

Even though our study suggests that the FI can help improve the
performance of the various common ICU scores, further research
will be needed to address which scores are most valid for mortality
prediction in ICU. Here, the Karnovsky performance scale was com-
pared with the FI because, unlike the other scores, in many parts of
China it used routinely.

We focused on understanding 30-day death chiefly because short-
term survival is most critical for ICU outcome evaluation. For survival
outcome analysis, the most updated health status has been shown to be
more important than prior health states, making 30-day mortality a way
to understand overall outcomes in this group, where there is net decline:
that is, on average, decline outweighs recovery (21). Recognizing that
any net positive score is likely to be early, we have also examined mor-
tality over 300 days in relation to the risk scores and the trend of the
results held true (Supplementary Appendix 4). Note too, although death
was readily verifiable, survival might be less so, given that some families
have a financial interest in not reporting death immediately, as older
adults receive social benefits. As such, the actual long-term death rate
could be higher. This is a less serious concern for short-term mortality
as most patients (7 = 138, 89.0%) remained in hospital/institution, and
deaths were recorded immediately as they occurred.

With its very large population of older adults, understanding
frailty in China is important in its own right. Health deficits, even
when including acute illness, are only one part of what puts peo-
ple at risk: the social and physical environment is also important,
something not directly measured here. Previous research has sug-
gested that the FI is robust to exactly which variables are used in
its construction (1). Even so, in the critical care setting, this must be
established formally through larger studies.

Conclusion

Older patients needing critical care are typically both critically ill and
also often frail, which collectively determine their outcomes. Our
study examined the value of the health deficit accumulation-based FI
in a specialized geriatric ICU. The data showed that the greater the

degree of frailty, the greater the risk of death. Here, the frailest group
of patients (with the highest FI scores) showed 100% mortality, some
of whom were not identified by the other commonly used measures,
which do not focus on older adults. Our study also verified that the
empirical limit to deficit accumulation (FI ~ 0.7) also applies to seri-
ously ill older adults: when the limit of frailty is reached, death occurs
within days to months. In short, our data showed a close associa-
tion between frailty and ICU survival, and suggest that the FI can add
value to commonly used ICU prognostic scores. Paying attention to
premorbid health and function can help care providers better estimate
the likelihood of benefit from ICU admission. In particular, since it is
often difficult to make people better than they were a month before
they became ill, that level of function might serve as a benchmark for
individual care planning. Both considerations are motivating further
inquires by our group.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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