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Abstract

Background: Both frailty and postoperative delirium (POD) are common in elective surgical
patients 65 years of age and older. However, the association between preoperative frailty and POD
remains difficult to characterize owing to the large number of frailty and POD assessment tools
employed in the literature, only a few of which are validated. Furthermore, some validated frailty
tools fail to provide clear score cutoffs for distinguishing frail and nonfrail patients. We performed
a meta-analysis to estimate the relationship between preoperative frailty and POD.

Methods: We searched several major databases for articles that investigated the relationship
between preoperative frailty and POD in patients with mean age = 65 who were undergoing
elective, non-emergent inpatient surgery. Inclusion criteria included articles published in English
no earlier than 1999. Both preoperative frailty and POD must have been measured with validated
tools using clear cutoff scores for frailty and delirium. Articles were selected and data extracted
independently by two researchers. Risk of bias (ROBINS-I) and presence of confounders were
summarized. Odds ratios (OR) for POD associated with frailty relative to nonfrailty were
computed with adjusted ORs when available. Original estimates were pooled by random-effects
analysis. Statistical significance was set at 2-sided /<0.05.

Results: Nine studies qualified for meta-analysis. The Fried score or a modified version of it was
used in five studies. Frailty prevalence ranged from 18.6% to 56%. Delirium was assessed with the
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Confusion Assessment Method (CAM) or CAM-ICU in seven studies, Delirium Observation Scale
in one study, and Intensive Care Delirium Screening Checklist in one study. The incidence of POD
ranged from 7% to 56%. ROBINS-I risk of bias was low in one study, moderate in four studies,
serious in three studies, and critical in one study. Random effects analysis (n = 794) of the OR for
POD in frail versus nonfrail patients based on adjusted OR estimates was significant with an OR
of 2.14 and a 95% confidence interval of 1.43-3.19. The 12 value was low range at 5.5, suggesting
small variability from random effects. Funnel-plot analysis did not definitively support either the
presence or absence of publication bias.

Conclusions: This meta-analysis provides evidence for a significant association between
preoperative frailty and POD in elective surgical patients aged 65 or older.

Introduction

Frailty—defined as a state of vulnerability to physiologic insults—has been characterized as
both a phenotype and as a state of accumulated deficits.? It is common in community
dwelling older persons, with a prevalence of 4.0-17.0%.2 Its prevalence has been estimated
to be even higher in older adult surgical patients,® and is associated with poorer
postoperative outcomes, including increased mortality, length of stay, discharge to skilled
care, readmission, and complications.? Postoperative delirium (POD) is a particularly
common complication suspected to be associated with preoperative frailty.>6 It is important
to assess for POD risk because of its independent association with increased length of stay,
complications, institutionalization and mortality.”-° Quantification of the relationship
between preoperative frailty and POD could enhance perioperative decision making,
potentially mitigating unnecessary morbidity and mortality associated with POD.

One challenge in studying this relationship is the wide variety of frailty assessment
instruments, only a few of which have been validated.® Furthermore, frailty tools are
divided into categorical scales and continuous indices.} Few continuous indices offer a
consistent, validated cutoff point for categorizing patients as either nonfrail or frail.11 In
contrast, categorical tools for frailty phenotype assessment—such as the Fried index'2—
usually consist of relatively fewer items and offer clear, well-validated score cutoffs,
allowing for consistent and efficient categorization of patients as nonfrail or frail in clinical
settings. These phenotypic tools are suitable from a clinician’s standpoint as they facilitate
quick, definitive judgements of frailty based on reproducible data. Similarly, although many
POD assessment tools exist, only a few have been well-validated in the literature.13

This meta-analysis builds upon previously published work in this field® and is of relevance
to anesthesiologists because of its narrow focus on elective surgeries. In addition, this meta-
analysis used several specific strategies to better quantify the relationship between
preoperative frailty and POD. First, we included only studies that used validated tools for
both preoperative frailty and POD. We focused on frailty and delirium instruments that
specify frailty status or presence of POD using consistent and validated cutoff points—
metrics practical for the anesthesiologist’s or surgeon’s clinical practice. Second, given that
nonrandomized studies of interventions constitute the literature on this topic, we carefully
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assessed each eligible study for confounding variables and methodological limitations that
could bias the analysis results and their conclusions.

METHODS

Literature Search

Our meta-analysis was conducted in accordance with PRISMA recommendations4 using
the Covidence web platform. The databases searched included PubMed, EMBASE, Scopus,
and Cochrane Library. The search algorithm retrieved articles that included either a MESH
term or text-word from each of the following three tiers. The first tier of keywords included
confusion, delirium, acute confusion, organic brain syndrome, acute encephalopathy,
cognitive dysfunction, cognitive impair*, cogniti* disorder*, postoperative complication*,
postoperative medical complication*, and altered mental status. The second tier of keywords
included postoperative care, postoperative complications, postoperative, “surgical
procedures, operative,” postsurgical, after surgery, and following surgery. The third tier of
keywords included frail elderly, frailty, frail*, geriatric assessment, gait speed, gait analysis,
Fried index, Edmonton Frail Scale, hand strength, grip strength, sarcopenia, timed up and
go, and cumulative index rating scale. An asterisk placed after the keyword captured every
possible variation of the preceding word or portion of a word.

The search algorithm was supplemented with a manual search of relevant literature.
Specifically, all studies in the full-text screening category were entered into Scopus, and
articles citing and cited by these studies were manually reviewed and the relevant studies
uploaded for title and abstract review. Furthermore, review articles generated by the database
searches as well as by citation search were manually examined; those with similar inclusion/
exclusion criteria were mined for studies that could be included in title and abstract review.

Article Selection

Inclusion criteria consisted of studies that investigated the relationship between preoperative
frailty and POD in patients with a mean age of 65 years and older undergoing elective, non-
emergent surgery in an inpatient setting. Articles must have been available in an English
full-text version and should have been published no earlier than 1999, prior to which frailty
had not been characterized in the literature with consistent metrics.1® The search included
articles until December 31, 2019. Both preoperative frailty and postoperative delirium must
have been measured with well-validated tools as defined by the literature.10-13 Because
false-negative rates of delirium are high when assessed by chart review,6 assessments of
frailty and delirium must have been conducted in person. Validated frailty tools that did not
offer a previously validated cutoff point for categorization of patients as either nonfrail or
frail were excluded. Furthermore, studies that used validated frailty tools must have utilized
all components of those tools, rather than just a subset. Other exclusion criteria comprised
study populations with any reported history of alcohol use disorder or other substance use
disorders, psychiatric illness, head trauma, neurological surgery, or stroke. Case reports,
letters, oral presentations, review articles, and abstract-only publications were also excluded.
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Two researchers (FS, TG) independently conducted the title and abstract review, full-text
review, bias assessment, and data extraction, and conflicts were resolved by consensus to
ensure consistency and inclusiveness for each step of the PRISMA algorithm.17 Extracted
data included the following: study authors; location; funding source; type of surgical
procedure performed; number of patients; central measure of age; proportion female;
measurement tools for frailty; number and percentage per frailty category; preoperative
cognitive status; cognitive status assessment tool; burden of comorbidities; comorbidity
measurement tool;18 the odds ratio (OR), relative risk, or hazard ratio for delirium; and
variables used for adjustment of the frailty-delirium relationship analysis. Bias was assessed
with the ROBINS-I tool for non-randomized studies, per Cochrane recommendations.1®
Importantly, ROBINS-I bias assessments are made based on the comparison between a given
study and a theoretical randomized-controlled trial with ideal design for the study question
—the latter of which represents the standard for a “low-risk” study. Given that phenotypic
frailty is often visually apparent, a blinded study may be impossible, even in theory. For this
reason, the “low-risk standard” for bias assessment was defined as an ideal observational
study instead.

Statistical Analysis

Studies that distinguished nonfrailty and frailty with clear and validated cutoff scoring were
assessed through meta-analysis. Frailty instruments that described a “prefrail” group were
also accepted. The primary measure of interest was the summary OR for POD in frail versus
nonfrail patients. Furthermore, several exploratory analyses were carried out for studies that
described prefrail groups. First, we estimated the OR for POD in prefrail versus nonfrail
patients. Additionally, based on the assumption that frailty instruments giving a binary
outcome (frail/nonfrail) would classify prefrail patients as nonfrail, we combined prefrail
and nonfrail patients together, and then compared this pool to frail patients with regards to
the OR for POD.

Adjusted ORs were used in the meta-analyses when available. We used raw data to compute
the unadjusted OR in studies that did not report OR of postoperative delirium associated
with frailty. We used Firth’s penalized likelihood approach to estimate unadjusted OR while
correcting for bias due to small sample size and sparse outcome when applicable. Random
effects models were used to pool the estimates obtained from the included studies. Forest
plots were used to display variation in OR estimates that expressed the association between
frailty and delirium. Heterogeneity was tested by using Q and 12 statistics. We also
calculated E-value to evaluate the degree of unmeasured confounding necessary to attenuate
the observed POD and frailty association to null (i.e. OR = 1).20 We converted OR to relative
risk (RR) using the optimal minimax approximation?! for E-value calculation and then
converted the resulting E-value back to OR for results reporting and discussion.
Furthermore, studies in the meta-analysis were assessed for publication or other reporting
biases on a funnel plot. For all tests, significance was set at £<0.05, and 95% confidence
intervals (Cls) are presented. Corresponding calculations and graphical visualizations of data
were carried out in SAS (Cary, NC).
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Power Evaluation

For the analysis of frail versus nonfrail patients, we assumed a POD incidence of 15.0% in
the nonfrail group with 9 studies having an average sample size of 45 patients per group.
The meta-analysis would have 80.2% power to detect an OR of 2.38 (POD incidence of
29.6% in the frail group) with low heterogeneity, but only 62.9% power for the same OR
with moderate heterogeneity, and 36.7% power with high heterogeneity among the included
studies. For prefrail versus nonfrail patients, we assumed the same POD incidence and
sample size per group, but with 4 studies only, the analysis would have 80.4% power to
detect an OR of 3.31 (or POD incidence of 36.9% in the prefrail group) with low
heterogeneity, 63.1% power with moderate heterogeneity, and 36.8% power for high
heterogeneity. For comparing frail versus prefrail and nonfrail patients combined, we
assumed a POD incidence of 18.0% in the combined group, 9 studies with average sample
size of 55 patients per group, this analysis would have 80.2% power to detect an OR of 2.08
(POD incidence of 31.3% in the frail group) with low heterogeneity, 63.0% power with
moderate heterogeneity, and 36.7% power for high heterogeneity.

RESULTS

Figure 1 shows the PRISMA diagram. The initial search produced 1272 articles, from which
730 duplicates were removed. Of the remaining 542 articles, 509 were excluded for the
following reasons: 230 were deemed irrelevant because their study designs failed to
investigate either frailty or delirium, or failed to include an operative intervention;131 failed
to measure frailty with a validated tool; 75 were review articles; 30 were conducted in an
emergency or nonelective setting; 27 failed to measure delirium with a validated tool; eight
were case reports; five had a mean age below 65; and three were notes or letters.

After the screening stage, 33 studies underwent full-text review. Of these, 11 failed to
measure delirium with a validated tool, four were abstracts or reviews, three failed to
measure frailty with a validated tool, two were excluded for the context of emergency
surgery, two included a high prevalence of alcohol use disorder in the study population, one
contained overlap of the study participants with another study included in our synthesis, and
one was excluded because we were unable to access the full-text article. Thus, nine studies
were eligible for meta-analysis.

Characteristics of included studies are reported in Table 1. In total, our systematic review
comprised a population of 1008 participants with a mean age of 74 years, of which 42%
were female. Three studies were European,22-24 four were North American, 2528 and two
were Asian.29:30 Of the nine studies in the meta-analysis, two did not adjust for
confounders?430 and one adjusted for EUROSCORE only.25

Six studies included American College of Cardiology/American Heart Association-defined
high-risk surgeries such as open or transcatheter aortic valve repair, coronary artery surgery,
or vascular procedures.22-25.27.29 Three studies featured intermediate-risk procedures such
as general surgery/laparotomy, thoracic surgery, spine surgery, or arthroplasty and total knee
replacement (See Supplemental Table 1).26:28.30 The Fried score or one of its variants—such
as the Modified Fried Score or Japanese version of the Cardiovascular Health Study (J-CHS)
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—was used in five of the studies.25-27:29.30 Each of the remaining four studies used a
different frailty tool. Overall, the prevalence of frailty across studies ranged between 18.6%
and 56%. Four studies described a subset of patients with prefrailty, the prevalence of which
ranged from 27% to 57%.22: 26-28 Compared with the array of tools used to measure
preoperative frailty, the instruments used for POD assessment were much less variable.
Seven studies used the Confusion Assessment Method (CAM) or CAM for the intensive care
unit,22:24-28.30 gne used the Delirium Observation Scale (DOS),23 and one used the
Intensive Care Delirium Screening Checklist (ICDSC).2° The incidence of postoperative
delirium in the studies ranged from 7% to 56%.22-30

Quality of Methodology

Consensus ROBINS-I judgments of bias are summarized in Table 2, and reasons for bias are
documented in Supplemental Table 2. With regard to risk for overall bias, one study was
judged to have low risk ,28 four studies were judged to have moderate risk,22:26:29.30 three
studies were judged to have serious risk,23:24:27 and one study was judged to have critical
risk.2 In the domain of confounding, three studies had low risk of bias.26:28.29 35 they
adjusted for the important confounders of age and cognition. One study?® was classified as
having critical risk for bias in the confounding domain as several delirium confounders
differed between frail and non-frail groups but were not adjusted for in the final analysis.
Two studies were at moderate risk for bias because either age or cognition, but not both,
were adjusted for in analysis.2227 Serious risk was evident in one study not providing
sufficient information for bias assessment of confounders,23 and another unadjusted study
with baseline cognitive differences.2 Table 3 compares confounding variables between frail
and nonfrail groups in studies for which data were available.

The domain of participant selection was the most common source of risk for bias; three
studies were judged as having moderate risk of bias,2526.29 often due to measures that
excluded patients who might be disproportionately frail. A fourth study was judged to have a
serious risk of bias in this domain?’ because it selectively included patients from two parent
studies with different exclusion criteria. All studies were at low risk in their classification of
interventions. Missing data were a source of moderate risk for bias in two studies.?224 The
risk was due to either loss of data from patient deaths or failure to assess for delirium on
weekends. A third study was found to have a serious risk for bias because the delirium
follow-up period was unclear.23 In the domain of measurement outcome bias, one study?’
was judged to have moderate bias owing to the occasional use of chart review for delirium
screening, whereas another study23 was judged to have a serious risk of bias because a
“filtering” step was used in the screening process, potentially underestimating delirium
incidence. With regard to risk of bias in selection of the reported result, one study was
classified as being at moderate risk of bias because it failed to address patient deaths in
analysis.?2

Meta-analysis of Frailty

Random effects analysis (n = 794) of the OR for POD in frail versus nonfrail patients based
on adjusted OR estimates was significant, with an OR of 2.14 and a 95% CI of 1.43-3.19
(Figure 2). The 12 value was in the low range at 5.5, suggesting small variability as a result
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of random effects. The E-value to attenuate the observed OR of 2.14 between POD and
frailty to 1, and to render the observed association statistically non-significant (i.e. attenuate
the lower 95% CI bound of 1.43 to 1) was 4.08 and 2.36, respectively. Funnel-plot analysis
of these eight studies did not definitively support either the presence or absence of
publication bias (Supplemental Figure 1).

Meta-analysis of Prefrailty

Random effects analysis of the OR for POD in prefrail versus nonfrail patients was not
significant (n = 349; OR = 2.30; 95% CI, 0.67-7.88; Supplemental Figure 2). When prefrail
patients were combined with nonfrail patients and this pool was compared to frail patients,
frail patients showed significantly greater odds of POD (n = 1008; OR = 2.05; 95% Cl,
1.47-2.86) than the combined nonfrail-prefrail pool (Supplemental Figure 3). Although only
three studies?2:27:28 delineated a prefrail category of patients for comparison, a fourth
study2® provided sufficient data for abstraction, such that four studies were available for
analysis.

DISCUSSION

In a meta-analysis of adjusted data, older adult surgical patients with preoperative frailty had
significantly greater risk of developing POD than their nonfrail counterparts. This finding
suggests that assessment of preoperative frailty can be helpful for POD risk stratification.
Although the frailty relationship was strong, the data regarding an association between
prefrailty and POD were inconclusive.

Regardless of whether frailty assessment tools were based on phenotype or an index of
accumulated deficits, the strong relationship between frailty and POD stands.

However, this conclusion must be tempered by the range of bias observed among studies as
well as the small study size. Nevertheless, variability as a result of random effects was small.
It remains unclear which components of frailty scales are the primary drivers of this
relationship, or which frailty instrument is most predictive of POD. Should future research
confirm the observation that frailty scales precisely stratify surgical and POD risk, frailty
assessment could become a necessary part of preoperative care.

Despite the fact that the current meta-analysis, the two meta-analyses cited®6 and a recently
published review3! included studies with very little overlap, their results were comparable,
with the relative risk of delirium to be just above 2. Despite the similarity of findings, our
study is uniquely robust for several reasons. Studies using retrospective chart-based delirium
determinations®® or unspecified means of delirium assessment® were employed in previous
meta-analysis. Our data derive solely from studies that assessed delirium at the bedside.
Thus, we avoided bias from the high false-negative rate of chart review tools for delirium
assessment.16 Indeed, chart review tools are not recommended for delirium diagnosis.1
Studies incorporating clinical judgement® or comprehensive geriatric assessment®3! were
included in past and recent meta-analyses. Our aim was to make this meta-analysis as
clinically relevant as possible for perioperative care. For this reason, we included only
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studies whose frailty assessment tools were validated with specific cutoff points and could
provide definitive categorization without the need for geriatric consultation.

Although this analysis suggests an effect of preoperative frailty on risk for POD, the
exploratory analysis for prefrailty failed to show a similar effect. In the relatively small
subset of prefrail patients, we found no significant difference in POD compared to nonfrail
patients, although the OR estimate was similar in magnitude to that of the frail patients.
Furthermore, when prefrail patients were grouped with nonfrail patients, this combined pool
did not obliterate the overall effect of frailty on POD. As such, this exploratory analysis
cannot definitively reconcile the relationship between prefrailty and POD. Several factors
complicate the data. First, it is possible that prefrail patients do have increased odds of POD
relative to nonfrail patients, but that our analysis was insufficiently powered to detect this
difference. It’s worth noting that analysis of this scale (hnumber of studies and patients per
study) only has sufficient power to detect a much greater effect size than observed, so the
observed analysis result was subject to a high probability of type 2 error. Alternatively, some
frail—or nonfrail—patients may have been misclassified as prefrail. In several of the frailty
tools, prefrailty is distinguished from both the nonfrail and frail states by only a single point
or domain of scoring. As such, any human or instrumental error in the scoring process could
easily lead to misclassification, introducing greater variability in the exposure assessment.
Nondifferential exposure measurement error or misclassification would bias the outcome
association toward the null and mask the weaker association in studies without sufficient
sample sizes. Of note, in studies that did not describe a prefrail group, similar
misclassification could have occurred between the frail and nonfrail groups, underestimating
the true degree of frailty-delirium association through these studies. As a consequence, the
prefrailty category may have limited clinical utility for predicting postoperative delirium
until more studies are available.

Strengths and Limitations

The strengths of this review include the restriction of frailty assessment tools to those that
are validated and offer clear cutoff scores for frailty versus nonfrailty. Such frailty tools
simplify assessment relative to continuous indices and could be easily implemented in the
perioperative setting. This consideration is especially important given that the relationship
between frailty and delirium appears robust. Our study also characterizes study bias through
the use of ROBINS-I assessment—a necessity given that most studies of frailty and delirium
appear to be nonrandomized studies of interventions—allowing for a more nuanced
understanding of the study findings and similar publications in the field. Lastly, this study is
strengthened by its exclusion of study populations—such as stroke or neurosurgery patients
—whose comorbidities or surgical procedures independently associate with delirium.
Exclusion of these patients allows better generalization of study findings to the surgical
setting.

Limitations of this study include the lack of randomized-controlled trials; none were
available based on the study question and eligibility criteria. Given that research personnel in
each study were not blinded to the exposure status during outcome assessments, it is
possible that assumptions about the effect of frailty or other confounding variables may have
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introduced bias into the delirium screening process. Studies with different frailty instruments
were included in the meta-analysis. Different frailty scales capture different but overlapping
groups of patients resulting in different estimates for frailty prevalence.3? Seven studies
measured frailty using instruments based on the frailty phenotype while 2 used deficit
accumulation approaches. The range of frailty across studies (18.6%—-56%) is higher than
previously reported systematic reviews examining community dwelling adults and may
reflect the older surgical population.2 POD ranged from 7%-56% among the studies used in
this meta-analysis. All three delirium instruments utilized have been assessed for sensitivity/
specificity in comparison to the gold standard of psychiatric examination using DSM
criteria. Specificity of these instruments for delirium is high; sensitivity varies but is still
very high.33 The key risk factors for postoperative delirium across studies including age,
cognition, and co-morbidity were examined, however no discernable pattern explaining the
variation in delirium incidence was observed. Variation in delirium incidence may be related
to surgical procedure as the cardiac surgery studies in this meta-analysis as well as others®
report consistently higher POD incidence. The scope of our study is limited by the high
mean age; few younger patients were included because frailty and postoperative delirium are
predominantly present in adults older than age 65. Although frailty is more common in
women, only 42 percent of the subjects in these studies were women. In accordance with
these limitations, our results may not be generalizable to all age groups, or female
populations. The work elucidating the independent risk posed by surgery and anesthesia is
evolving and knowing whether the surgeries/procedures themselves carry a high risk for
postoperative complications, such as postoperative delirium, is important. As demonstrated
in supplemental Table 1, our study did not include many patients undergoing low-cardiac-
risk surgical procedures. This observation may be relevant in regard to post-operative
delirium, as frailty may exert greater influence with higher risk procedures. Therefore, our
results may not be applicable to all surgical procedures. Restricting to the search criteria to
English can introduce bias. To determine risk of bias the search was rerun, both with and
without the English limiter. Using google translate, the 3 non-English manuscripts would not
have been included. So, for this topic, non-English language research was not a significant
component of the results. There is also concern about bias due to unadjusted confounding.
The E-value?0 for the observed OR of 2.14 between POD and frailty, the magnitude of
association for unadjusted confounding with POD as well as with frailty that is needed to
attenuate the OR from 2.14 to 1 above and beyond the measured confounding accounted for
in the analysis, was 4.08. In a subgroup analysis that included the 3 studies which at least
adjusted for age and baseline cognitive function, two of the strongest POD predictors
established in the literature, the observed OR estimate for POD-frailty association increased
slightly to 2.44. Putting these together, while residual confounding is likely, the observed
association is not likely to be explained by unadjusted confounding.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question:

To what extent is preoperative frailty associated with increased odds of developing
postoperative delirium in elective surgical patients over age 64?

Findings:

Frail patients over 64 years of age undergoing elective surgical procedures have greater
odds for developing postoperative delirium than do nonfrail patients of the same age.

M eaning:

This meta-analysis provides evidence for a significant association between preoperative
frailty and POD in elective surgical patients aged 65 or older.
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Clinical Implications

This meta-analysis provides evidence for an association between preoperative frailty and
POD in elective surgical patients aged 65 or older. Use of simple, validated frailty scales
in the preoperative setting can facilitate better estimation of odds for POD in this
population. These findings suggest that brain vulnerability to health status changes is
reflected in frailty status. As such, it is possible that interventions focused on delirium
prevention, such as nonpharmacologic interventions or the ASA brain-health initiative
recommendations, may become important cornerstones in perioperative management of
the frail patient. Should future research confirm that frailty assessment can help to stratify
POD risk, frailty assessment will be a necessary component of the older patient’s
preoperative evaluation.
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(n = 1272)

\ 4

Records screened
(n =542)

A 4

Duplicates removed
(n=730)

A 4

Full-text articles assessed for eligibility
(n=33)

\ 4

Records excluded, with
reasons (n = 509)

230-Irrelevant

131-Invalid frailty assessment

75-Review articles

30-Non-elective (acute)
surgery

27-Invalid delirium assessment

8-Case reports, notes or letters

5-Mean age < 65

3-Abstract/protocol only

\ 4

Studies included in quantitative synthesis
(n=9)

Figurel.

\ 4

Full-text articles excluded, with
reasons (n = 24)

11-Invalid measure of delirium
3-Invalid measure of frailty
3-Abstract only

2-Non-elective (acute) surgery
2-Patients with substance use
1-Systematic review
1-Duplicate data

1-Article unavailable

Preferred reporting items for systematic reviews and meta-analyses flowchart.
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Forest plot of random-effect analysis comparing postoperative delirium in frail and nonfrail
patients. Prefrail patients were not included in this analysis.
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