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Abstract

Background: Frailty is an important physiologic factor in studies of influenza and influenza
vaccines carried out in older adults and hospitalized populations. Unfortunately, comprehensive
assessments of frailty requiring physical assessments and extensive medical record review are not
often feasible in time- and resource-limited settings common to studies of influenza and influenza
vaccines.

Methods: We developed a 5-question frailty short interview, and implemented it in a multicenter,
hospital-based study of influenza over two years. Frailty status defined by the frailty short
interview was compared to a validated frailty index based on medical record review of 59
parameters. Agreement between the two frailty measures was assessed, and multivariable linear
regression models were used to explore differences between the measures. The association
between each frailty measure and likelihood of influenza vaccination was also assessed.

Results: During the 2015-2016 and 2016—2017 influenza seasons, 2070 adult patients
hospitalized with acute respiratory illness were enrolled and included in analyses. Frailty was
frequently identified in the study population; 43% of participants were defined as frail by the
frailty short interview and 32% by frailty index. Responses to the frailty short interview were only
moderately correlated with the frailty index, and agreement between the two frailty measures was
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low. Women were more likely to be defined as frail by the frailty short interview than men. White
individuals were more likely than other races to be defined as frail by the frailty index. Increasing
frailty index was associated with increased likelihood of influenza vaccination, but the frailty short
interview was not associated with vaccination.

Conclusions: The frailty short interview provided a feasible and consistent measure of frailty
across study hospitals and study years. However, its modest correlation with the frailty index
and differential association with likelihood of influenza vaccination highlight differences in the
conceptualization of frailty.
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Frailty is a prevalent physiological condition in older adults that is associated with increased
risk of adverse health outcomes such as hospitalization and death [1,2]. As a result of
conceptual debate on how to define frailty, a variety of measurement methods are used both
clinically and in research [2,3]. One approach defines frailty as an accumulation of deficits
over time. This definition is typically operationalized by calculation of a frailty index that
quantifies the presence of chronic conditions, functional disabilities, cognitive deficits, and
other signs and symptoms associated with aging [4]. An alternative approach, developed by
Fried et al, defines frailty as a clinical syndrome, distinct from comorbidity and disability,
characterized by unintentional weight loss, exhaustion, weakness, difficulty walking, and
physical inactivity [5]. This definition is typically operationalized through a combination
of physical assessments of grip strength and gait speed, and patient report of weight loss,
energy level, and physical activity, which may not be feasible or representative when a
patient is acutely ill.

Influenza is recognized as an important pathogen in older adults contributing to substantial
annual morbidity and mortality in this population. Past studies of influenza and influenza
vaccines have demonstrated associations between frailty and likelihood of influenza
vaccination [6,7], poor immune response to vaccination [8,9], reduced vaccine effectiveness
[10-12], risk of influenza infection [8,13], and risk of severe outcomes following influenza
infection [11,14,15]. As in the broader field of frailty research, there is no consensus
regarding the definition of frailty in studies of influenza and influenza vaccines, and the
term has often been used interchangeably with comorbidity, disability, and functional status.
Furthermore, studies of influenza and influenza vaccines often require rapid, prospective
enrollment of a large population of acutely ill individuals during hospitalization or outpatient
medical visits. Comprehensive assessments of frailty requiring physical assessments and
extensive medical record review are not often feasible in these time- and resource-limited
settings common to studies of influenza and influenza vaccines.

To address the need for a frailty assessment that can be implemented quickly when a patient
is acutely ill, we developed a short interview based on the five components of the frailty
phenotype defined by Fried et al.: weight loss, exhaustion, weakness, difficulty walking,
and physical inactivity. Validation of this short interview could improve the feasibility of
including frailty assessments in studies of influenza and influenza vaccines. In addition,
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self-reported measures of health may contribute additional important information beyond
what can be obtained by medical record review. Because of this, and varying conceptual
definitions, different measures of frailty often substantially disagree in the individuals they
define as frail [16-19]. It is unclear which definition is most appropriate for studies of
influenza and influenza vaccines.

We implemented this short interview in a hospital-based study of influenza over two years
and compared the results to a validated frailty index based on detailed medical record review
of 59 parameters [4]. The agreement between the frailty short interview and frailty index
was assessed, associations between each measure of frailty and the likelihood of influenza
vaccination were estimated, and a predictive model was developed to explore differences
between the frailty index and the frailty short interview.

1. Methods
1.1. Study design

1.2.

The US Hospitalized Adult Influenza Vaccine Effectiveness Network (HAIVEN),
established in 2015, is a network of four US institutions. The primary goal of HAIVEN is

to provide annual estimates of influenza vaccine effectiveness (VE) in preventing laboratory-
confirmed influenza-associated hospitalizations among US adult populations. Two of the
four participating sites, the University of Michigan and Vanderbilt University Medical
Center, carried out this HAIVEN sub-study. Briefly, adults =18 years of age who are
hospitalized for treatment of acute respiratory illness are enrolled according to a standard
case definition each influenza season. Participants or their authorized representatives
provided informed consent and completed an enrollment interview. As part of the enroliment
interview, participants were asked to report their age, sex, race and ethnicity, smoking
history, influenza vaccination status, any supplemental oxygen use at home, and elements

of the frailty short interview described in the following section. Influenza infection status
was determined by RT-PCR, using protocols, primers, and probes developed by the CDC
Influenza Division.

The study was reviewed approved by the institutional review boards at the University of
Michigan, St Thomas Hospitals (Sterling) and Vanderbilt University Medical Center.

Frailty and health status assessments

The frailty index described below was adapted from the method of Mitnitski et al. to
measure frailty based on review of the medical record [4]. This index has been validated
against a variety of outcomes including mortality, declining health, and institutionalization
[20]. Medical record review for participants enrolled during the 2015-2016 and 2016-2017
influenza seasons was carried out by reviewers at each site to assess 59 frailty index
elements including chronic conditions, functional disabilities, cognitive deficits, and other
signs and symptoms associated with aging for calculation of a frailty index. Detailed chart
abstraction methods are described in the supplementary materials. The frailty index was
calculated as the number of elements indicating presence of a condition, disability, or deficit
divided by the number of non-missing elements. Values of the frailty index have classified as
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non-frail (<0.1), pre-frail (>0.1 — <0.21), frail (>0.21 — <0.45), and most frail (>0.45) based
on validation against hospital-related outcomes [21], and have been used in prior studies of
influenza [10,22]. The full list and description of the elements included in the frailty index is
included in the supplemental materials.

During the enrollment interview, each participant was asked five questions comprising the
frailty short interview based on the components of the frailty phenotype defined by Fried et
al. [5]. The specific questions (Table 1) were adapted for use during acute illness from the
Cardiovascular Health Study [5], the Survey of Health, Ageing and Retirement in Europe
[23], and the National Health Interview Survey [24].

1.3. Statistical analysis

2.

We compared the proportion of individuals defined as frail by each measure by subject
characteristics using chi-square tests. We also assessed the sensitivity, specificity, and
agreement of frailty status defined by the frailty short interview using the frailty index
as a gold standard. The frailty index was selected as the gold standard because it has
been previously validated and has been used in previous influenza studies. The correlation
between the frailty short interview and frailty index scores was calculated using the
Spearman method and the correlation coefficient was reported. To further investigate
differences between the frailty short interview and frailty index, we built a multivariable
linear regression model to predict frailty index from the frailty short interview score
and other covariates. Model covariates, including age at enrollment, sex, race, ethnicity,
supplemental oxygen use at home, smoking status and study hospital, were selected a
priori based on presumed relationships with frailty status. Internal model validation of
the predictive model was performed using bootstrapping method with 150 samples. The
prediction model built from the 2015-2016 study year data was applied to data from the
2016-2017 study year to predict frailty index and a temporal validation was carried out.

Finally, we evaluated the associations between likelihood of influenza vaccination and

each of the two frailty assessment methods using multivariable logistic regression models.
Separate models were performed for each frailty outcome stratified by study year (2015-
2016 or 2016-2017). Regression models were adjusted for the pre-specified covariates listed
above based on their presumed association with both frailty and likelihood of vaccination.
Odds ratios with 95% confidence intervals (CIs) were reported.

All analysis was done using R version 3.5.0.

Results

In total, 2087 participants were enrolled from Vanderbilt University and University of
Michigan hospitals during the 2015-2016 and 2016-2017 influenza seasons. Complete
frailty short interview data were missing from 17 individuals who were excluded from
analyses. Among the 2070 individuals included in analyses, 798 were enrolled during

the 2015-2016 study year and 1272 were enrolled during the 2016-2017 study year
(Supplementary Table 1). Across both years, 1294 were enrolled from VU hospitals and 776
were enrolled from UM hospitals. Participant ages ranged from 18 to 102 (median 60) years,
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53% were female, 77% were white, and 19% were black. Across both study years, 72% of
participants reported receiving an influenza vaccine and 13% had an influenza infection.

Frailty was prevalent in the study population. Across both study seasons, the median frailty
short interview was 0.4 (IQR: 0.2, 0.8). The most common positive responses to elements
of the frailty short interview were exhaustion (63%) and difficulty walking (51%) (Table 2).
Similarly, the median frailty index was 0.17 (IQR: 0.11, 0.24) across both study seasons, a
value consistent with pre-frail status. Median frailty short interview and frailty index scores
were similar across enrollment hospitals and study years (Supplementary Table 2).

There were differences in the distributions of each frailty measure by participant
characteristics (Table 3). Frailty, as defined by both measures, increased in prevalence with
increasing age (P < 0.001) and was more prevalent among those who used supplemental
oxygen at home (P < 0.001). Women were more likely to be defined as frail by the frailty
short interview than men (49% vs 36%, P < 0.001), but the proportion of women and men
defined as frail by the frailty index was comparable (34% vs 31%). Compared with men,
women were significantly (P < 0.001) more likely to report difficulty on each element of the
frailty short interview except for weight loss. Race was only significantly associated with
frailty as defined by the frailty index with white participants having the highest prevalence
of frailty. Current and former smokers both had higher prevalence of frailty defined by

the frailty short interview compared to never smokers, but only former smokers had a
higher prevalence of frailty defined by the frailty index. Frailty defined by the frailty short
interview was not associated with influenza vaccination, but participants defined as frail by
the frailty index were more likely to have been vaccinated.

There was a moderate positive correlation between frailty short interview and frailty index
(Fig. 1) (Spearman correlation; r = 0.43; £< 0.001). However, more individuals were
characterized as frail by the frailty short interview (896 [43%] had frailty short interview
scores = 0.6) than by the frailty index (675 [33%] had scores >0.21), and overall agreement
was low (Table 4). Consistent with low agreement, the sensitivity (64%) and specificity
(67%) of the frailty short interview compared to the frailty index gold standard were also
low overall. Sensitivity was slightly lower and specificity slightly higher among subjects <50
years relative to those =50 years.

We constructed a multivariable linear regression model to predict frailty index from the
frailty short interview and other available covariates. The model was initially built using data
from the 2015-2016 study year only. Frailty short interview score, age, sex, race, Hispanic
ethnicity, home oxygen use, smoking status, and enrollment site were included in the final
model. Increasing frailty short interview score, increasing age, and home oxygen use were
all positively predictive of frailty index, while current smoking was predictive of lower
frailty index relative to non-smokers; the effects of all other included variables did not reach
statistical significance (Supplementary Table 3). The temporal validity of the model built
from the 2015-2016 data was assessed using data from the 2016-2017 study year. In the
2016-2017 study year, the mean predicted frailty index (0.186) did not significantly differ
from the mean observed frailty index (0.187; £ = 0.46). Although the model successfully
predicted the mean frailty index, there was substantial variation between observed and

Vaccine. Author manuscript; available in PMC 2021 November 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petrie et al.

Page 6

predicted values (Fig. 2). R-square values for the predictive linear model were 0.29 in the
2015-2016 training data, and 0.22 in 2016-2017 validation data.

The relationship between each of the two frailty measures and influenza vaccination were
measured in logistic regression models. Those with higher frailty index were more likely to
be vaccinated; each 0.1 unit increase in frailty index was associated with a 31% increase

in likelihood of vaccination (OR: 1.31; 95% CI: 1.22, 1.42). In contrast, the frailty short
interview score was not associated with influenza vaccination (OR per 0.1 unit increase:
1.02; 95% CI: 0.99, 1.05). After covariate adjustment, the association between frailty index
and likelihood of vaccination was slightly attenuated, but remained statistically significant
(aOR per 0.1 unit increase: 1.23; 95% ClI: 1.09, 1.40). Frailty short interview score remained
unassociated with likelihood of influenza vaccination after covariate adjustment (aOR per
0.1 unit increase: 1.00; 95% CI: 0.96, 1.03). The association between frailty index and
influenza vaccination was slightly stronger for adults <50 years (aOR per 0.1 unit increase:
1.38; 95% ClI: 1.10, 1.75) than for adults =50 (aOR per 0.1 unit increase: 1.18; 95% CI:
1.01, 1.36). However, the association between frailty short interview score and vaccination
was nearly identical in younger (aOR per 0.1 unit increase: 1.01; 95% Cl: 0.95, 1.07) and
older (aOR per 0.1 unit increase: 0.99; 95% CI: 0.95, 1.03) adults.

3. Discussion

We developed a 5-question interview to assess frailty in a large-scale study of influenza in
adults with acute respiratory illness requiring a short enrollment interview. Responses to this
frailty short interview were only moderately correlated with an established and validated
frailty index that requires extensive manual chart abstraction [4]. The ability to predict
frailty index scores from responses to the frailty short interview remained relatively low
even after inclusion of additional important variables, such as age, supplemental oxygen

use at home, and smoking status in multivariable models. Less than 30% of the variation

in frailty index was explained by these models in each study year. Differences between

the two frailty measures were also highlighted by distinct patterns of frailty prevalence by
participant characteristics. Further, only frailty as defined by the frailty index was associated
with increased likelihood of influenza vaccination.

There were likely multiple explanations for the differences we observed between the two
frailty measures. First, there are multiple frameworks of frailty used in aging research [2,3].
The two instruments that we used each conceptualize frailty in different ways. The frailty
short interview was based on the Fried frailty phenotype, which conceptualizes frailty as

a clinical syndrome characterized by weight loss, exhaustion, weakness, difficulty walking,
and physical inactivity [5]. In contrast, the frailty index is based on the accumulation of
deficits model which does not make as clear of distinctions between frailty, comorbidity, and
functional status [4]. The level of disagreement between the two measures is consistent with
a recent study that found a median kappa coefficient value of 0.40 for the frailty phenotype
relative to 34 other frailty measures [16].

The methods by which our two measures were implemented could have contributed to
differences in their associations with each other and other key variables including sex, race,
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and smoking status. Because the frailty index was defined by information abstracted from
the medical record, a diagnosis of a condition, disability, or deficit must have been made

and recorded in the medical record for it to have been captured. Differences in healthcare
seeking behavior by sex and race, for example, could therefore contribute to the observed
differences. In addition, our finding that the frailty short interview defined more women than
men as frail is consistent with several studies demonstrating that women tend to live longer
than men, but have poorer health status and be more frail [25,26]. However, the components
of frailty may differ between men and women [27], potentially explaining the observed
differences between the two frailty instruments.

There has recently been some debate regarding the degree to which frailty confounds
estimates of influenza vaccine effectiveness [10,11,22,28,29]. In this study, we found that
the association between frailty and influenza vaccination, a necessary requirement for
confounding, varied by the instrument used to measure frailty. Specifically, only those

with higher frailty index were more likely to be vaccinated while frailty short interview
scores were not associated with vaccination. We speculate that this could be because

the frailty index incorporates comorbid conditions that could increase the likelihood that
vaccination is recommended to a patient. In addition, we did not observe an association
between either frailty instrument and influenza infection status. While prior studies have
found reduced immune response to influenza vaccination and increased infection risk among
frail individuals, infection risk also depends on contact patterns related to exposure. The
relationship between frailty and these contact patterns is complex and likely varies by
population. These results, and the debate over the definition of frailty in the broader field of
aging research, highlight the importance of the instrument chosen to measure frailty.

Frailty is often considered to be limited to elderly adults. While the frailty is most prevalent
in elderly patients, frailty in younger adults with chronic conditions or disabilities has

been described [30-32]. In this study, we enrolled hospitalized adults 18 years of age

or older with the vast majority having at least one chronic condition [12]. While the
prevalence of frailty increased with age, substantial proportions of adults 18-49 years

of age were identified as frail by each of the two frailty assessments (frailty short

interview: 34%; frailty index: 19%), and agreement between the two measures did not vary
substantially by age. There was also a slightly stronger association between frailty index
and influenza vaccination for younger compared to older adults. This suggests that frailty
should be considered as an important factor in studies of acute respiratory illness-related
hospitalization in adults of all ages. However, researchers should be mindful that frailty may
be physiologically different in geriatric and younger adults [32].

This study benefitted from a relatively large sample size and from being carried out in

two geographically diverse hospitals over two influenza seasons. The consistency of results
across study hospitals and study years suggests that the frailty short interview may be a
generalizable measure of the Fried frailty phenotype across populations. This along with
its ease of implementation make it an attractive option for measurement of this specific
conceptualization of frailty during acute respiratory illness. Unfortunately, we did not
measure functional status as part of the enrollment interview and therefore could not assess
whether it might have explained some of the differences between the frailty short interview
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and the frailty index, which does include elements of functional status. Self-reported
measures of influenza vaccination and the frailty short interview used in this study could

be subject to recall bias. In addition, we assessed frailty during acute respiratory illness.
Although we asked participants to report the level of difficulty they had with each element
of the frailty short interview prior to their current illness, it is not possible to determine how
their acute illness may have affected their responses without base-line measures of frailty.

The degree to which frailty and functional status confound measures of influenza vaccine
effectiveness, and the best ways to conceptualize and measure these health states, remain
open questions. To facilitate resolution of these issues, continued development and
assessment of short, easily implemented instruments for measuring frailty and functional
status at the time of an acute illness is needed. Such tools would benefit not only studies

of influenza vaccine effectiveness but also any research or clinical setting where frailty and
functional status are of interest and time and resources are limited.
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Association between frailty short interview and frailty index by study year. Boxes represent
the interquartile range of the frailty index at each level of frailty short interview score with
the median indicated by the thick black bar. Connected gray diamonds represent the mean

frailty index at each level of frailty short interview score.
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Fig. 2.
Scatter plot of observed frailty index scores vs those predicted in multivariable linear

regression models including frailty short interview score, age at enroliment, gender, race,
ethnicity, supplemental oxygen use at home, smoking status and study hospital.
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Table 2

Distribution of responses to each element of the frailty short interview.

Positive Response Indicative of Frailty

Frailty Short Interview Element  Yes No

Weight loss — N (%)
Exhaustion — N (%)
Weakness — N (%)
Difficulty walking — N (%)
Physical inactivity — N (%)

644 (31%) 1407 (68%)
1304 (63%) 744 (36%)

812 (39%) 1244 (61%)
1048 (51%) 1012 (49%)
708 (35%) 1336 (65%)
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