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Abstract 
Purpose: Although patient-related factors affect surgical outcomes, preopera-
tive functional status is not measured by any cardiac risk score. Functional 
status can, however, be objectively measured using validated outcome tools 
such as the Late-Life Function and Disability Instrument (LLFDI). The pur-
pose of this study was to determine 1) if there was a change over time in 
functional status, as measured by the LLFDI, in patients who underwent elec-
tive cardiac surgery, and if so, 2) what specific aspect(s) of functional status 
changed. Methods: A prospective longitudinal study of one year was con-
ducted on elective cardiac surgery patients (n = 43) using the self-reported 
LLFDI, which measures Disability Frequency (frequency of participation in 
social tasks), Disability Limitation (ability to participate in social tasks) and 
Function Total (ease in performing routine activities). Higher scores indicate 
increased function and decreased disability. LLFDI scores were compared at 
three times (preoperative, six-week and one-year postoperative) using re-
peated measures ANOVA. Post hoc pairwise comparison was conducted for 
specific interactions. Results: Both Function Total and Disability Frequency 
significantly changed over time (p = 0.047 and p = 0.013, respectively). Spe-
cifically, patients’ function level was significantly higher one-year postopera-
tive compared to preoperative (M difference = +3.48, SE = 1.48, p = 0.026). 
Likewise, Disability Frequency scores were significantly higher (i.e. more ac-
tive) at one-year postoperative versus preoperative (M difference= +5.98, SE 
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= 2.19, p = 0.033). Disability Limitation scores were not significantly different 
between any time points (p > 0.05). Conclusion: By one-year postoperative, 
patients demonstrated increased ease in their routine physical activities and 
were more participatory in social life tasks. Individuals who underwent elec-
tive cardiac surgery took more than six weeks to detect notable improvement 
in functional status, which was expected with a sternotomy approach. This 
study provides support for the use of the LLFDI as an effective tool to capture 
functional status in the cardiac population. These findings may assist cardiac 
patients in recovery timeline expectations. 
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Functional Status, Elective Cardiac Surgery, Late-Life Function and Disability 
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1. Introduction 

Determining the efficacy of cardiac surgery involves considering several risk 
factors and numerous patient outcomes [1] [2] [3] [4] [5]. Mortality and mor-
bidity risk after surgery are measures cardiac surgeons universally calculate to 
estimate patient outcomes [6] [7] [8] [9]. Cardiac risk scores do not include 
functional status [10] [11] [12] [13], despite evidence that adding this compo-
nent would enhance mortality and morbidity risk prediction [14] [15] [16] [17] 
[18]. Varley et al. demonstrated one-year mortality risk was significantly re-
duced when preoperative frailty (i.e. poor functional status) was identified in 
elective surgery patients [18]. Moreover, poor preoperative functional mobility 
has been correlated to a decline in physical function after cardiac surgery [19] 
[20]. Researchers found functional status was more predictive of mortality than a 
patient’s principal admitting diagnosis [21], was strongly associated with increased 
mortality risk among geriatric surgical populations at 2-months postoperative 
[22] and at 6-months postoperative [23] and had increased 90-day and 6-month 
mortality, respectively [21] [24], among the hospitalized elderly population. 

Functional status is defined as an individual’s ability to perform activities 
within their regular environment, an ability potentially limited by cardiac dis-
ease, perceived symptoms, and environmental, social and psychological factors 
[25]. Researchers have historically measured functional status using self-report 
questionnaires to calculate physical health, well-being, and quality of life 
[26]-[31]. Consensus is lacking on a standardized outcome measure to use. 
Self-report questionnaires such as the Short Form 36 (SF-36) and Katz Index of 
Independence in Activities of Daily Living (Katz ADL), have been used in sever-
al studies on “functional status,” [26]-[31] however, they lack specificity, as seen 
by their use in research to measure quality of life [29] [30] [32], general health 
[13], postoperative pain [32], and functional capacity [22] [28]. While these stu-
dies may shed some light on patient recovery symptoms over time, the tools 
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used were not validated to measure functional status, but rather health-related 
quality of life. 

Incongruencies also exist in research concerning the time lapse until func-
tional status improvement appears and full recovery restores following coronary 
artery bypass graft (CABG) surgery. Based on gaps in prospective research, Bal-
lan et al. [33] recommended exploring function preoperative to six-week 
post-CABG surgery. Ballan et al. detected functional improvement at six weeks, 
but patient-perceived pain remained notable [33]. LaPierand Mizner [27] used 
several functional status measures and found patients continued to report mod-
erate deficits in performing daily activities and function at 6 months post-CABG. 
Based on Katz ADL and FIM scores, Niemeyer-Guimarães, Cendoroglo, and 
Almada-Filho [31] found “slow recovery” in functional status at 1 month and 6 
months post-CABG compared to discharge, but not back to baseline. In con-
trast, Barnason et al. [26] utilized SF-36 questionnaire and concluded baseline 
functional status responses were surpassed by 6 to 12 months. Hunt, Hendrata 
and Myles [32] detected gains in function but not patient-perceived quality of 
life at 12 months, while Joskowiak et al. [29] concluded physical and mental 
health status improved within the first year after cardiac surgery, both using the 
SF-36 tool. Without using a validated tool designed to measure function it re-
mains unclear if significant functional gains occur in the early postoperative 
phase and if they surpass baseline levels by 12 months postoperative. Rigorous 
studies examining this very question about patient-reported functional status 
remain lacking [34]. 

One validated functional status measure is the Late-Life Function and Disabil-
ity Instrument (LLFDI), a self-report questionnaire which targets a variety of 
physical activities and social life tasks [function component], as well as assesses 
participation ability and frequency in different social activities [disability com-
ponent]. The LLFDI has established valid and reliable function and disability 
components that, when combined, yield outcome measures for functional status 
[27] [35]-[40]. The LLFDI has been used by LaPier et al. [27] [41] to assess 
preoperative/postoperative functional status change in cardiac surgery patients, 
but to date, the LLFDI has not been used to track functional status changes over 
time with this population.  

The purpose of this study was to assess functional status changes over time 
among patients who underwent elective cardiac surgery using the LLFDI.  

2. Methods 
2.1. Study Design 

A non-experimental, longitudinal design using a convenience sample was em-
ployed. Subjects were recruited from a single-center hospital, June to Decem-
ber 2010, after a cardiac surgeon recommended non-emergency cardiac sur-
gery. Inclusion criteria: Subjects ≥ 18 years of age, able to communicate fluently in 
English, and undergoing elective cardiac surgery which involves coronary artery 
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bypass graft as an initial or redo procedure, valve repair/replacement, or both. 
Exclusion criteria/termination from study: Elective cardiac surgery became 
emergency surgery; subject failed to return or sufficiently complete their 
preoperative LLFDI. Seventy-seven individuals met the eligibility criteria with 
enrollment of n = 43. LLFDI completed responses at all three-time points was 
n = 29. 

Joint Institutional Review Board approval was obtained by Western Michigan 
University (#11-06-06) and Saint Vincent Health Center (no reference number) 
prior to study commencement. This study was performed in accordance with the 
Declaration of Helsinki [42]. 

2.2. Procedures 

Preoperative LLFDIs were mailed to subjects within one week prior to surgery 
with instructions to return completed form via mail in provided de-identified 
envelope. All returned LLFDIs were mailed directly to the research assistants to 
maintain a single-blinded study. Fifty-three percent of the 77 subjects elected to 
remain as inpatients until cardiac surgery and their completed preoperative 
LLFDIs were collected in person in sealed, de-identified envelopes. LLFDIs were 
again mailed to subjects one week prior to their six-week and one-year post-
operative surgery dates with instructions to return the completed form via mail. 

2.3. Measures 
2.3.1. Late-Life Function and Disability 
There are two components to the LLFDI: The Function component is made up 
of (32) questions that start with “How much difficulty do you have?” regarding 
routine physical actions and activities such as unscrewing a jar lid or running a 
1/2 mile [36] [37]. The higher the Function score, the more functionally 
able/active one is. The Disability component consists of 16 two-part questions 
that start with: “How often do you participate?” and “To what extent do you feel 
limited?” on social life tasks such as taking part in recreational activities [35] 
[37]. The higher the disability scores, the less disabled one is, both in frequency 
and limitation [35] [37]. Each question carries a different weight, and raw scores 
are transformed into a 0 - 100 range [35] [36]. The authors of the LLFDI also 
classified the scaled scores into four distinguishable subgroups based on limita-
tion for easier clinical interpretation [35] [36]. For this study, functional status 
was measured using LLFDIs Function Total, Disability Frequency and Disability 
Limitation scores.  

Demographic data on gender, race/ethnicity, and age information were col-
lected (see Table 1). For this study, age groups were defined as <60 years, 60 - 69 
years, and ≥70 years. Race/ethnicity was defined as Caucasian, African Ameri-
can, Hispanic or “other.” 

2.3.2. Data Analysis 
Data were analyzed using the statistical package SPSS 18.0.0 (SPSS Inc., Chicago, 
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IL). Repeated measures analyses were conducted to determine functional status 
changes from preoperative to 6 weeks postoperative to one year postoperative. 
Any significant main effects found in mean LLFDI changes were further ana-
lyzed for specific interactions using post-hoc tests with Bonferroni adjustment. 
Descriptive statistics were conducted on each LLFDI variable at each time to 
examine assumptions of normality. Non-parametric tests were conducted in ad-
dition to parametric if non-normality was identified. If results were similar, pa-
rametric test results were used. 

 
Table 1. Study demographics compared with LLFDI validation demographics. 

Study Demographics LLFDI Demographics 

Preoperative N 
% of 
Total 

L LFDI 
Development 

N 
% of 
Total 

Gender   Gender   

Female 12 28% Female 34 23% 

Male 31 72% Male 116 77% 

Race/Ethnicity   Race/Ethnicity   

Caucasian 41 95% Caucasian 126 84% 

Hispanic 1 2% Hispanic 8 5% 

African Amer 1 2% African Amer 11 7% 

Age   Age   

40 - 49 1 2.3% 40 - 49 X 0% 

50 - 59 9 20.9% 50 - 59 X 0% 

60 - 69 17 39.5% 60 - 69 41 27.3% 

70 - 79 11 25.6% 70 - 79 61 40.7% 

80 - 89 5 11.7% 80 - 89 40 26.7% 

Median 66  90+ 8 5.3% 

SD 9.739  
Mean age for 

CABG (STS, 2010) 
64.9  

Mean 66.35  LLFDI = Late Life Function and Disa-
bility Instrument Mode 54, 61, 62, 66  

3. Results 
3.1. Baseline Demographics and Distribution 

The mean age of participants was 64.9. Eighty-one percent of the subjects (n = 
35) underwent an elective CABG procedure, 5 of which were performed off 
pump. A total of 8 subjects (19%) underwent elective valve repair or replacement 
surgery, including 3 subjects (7%) who underwent a combination valve/CABG 
procedure. All subjects received physical therapy postoperatively as inpatients 
and were recommended for cardiac rehabilitation upon discharge. 
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3.2. Repeated Measures Anova 

Repeated measures ANOVA was conducted for the three LLFDI components at 
three points in time. Function Total was significantly affected by time, F (2, 56) 
= 3.232, p = 0.047, meaning patients’ ability to perform routine activities im-
proved significantly over time (Table 2). Preoperative Total Function scores (M 
= 62.34, SD = 8.90) were not significantly different from six-week postoperative 
scores (M = 62.97, SD = 8.70) but were significantly different from one-year 
postoperative scores (M = 65.82, SD = 10.99), as revealed by post hoc tests using 
Bonferroni adjustment (M difference = +3.48, SE = 1.48, p = 0.026). 

 
Table 2. Main effect of time on functional status (LLFDI Components). 

Variable Sphericity Test Df F Sig 

Functional total Sphericity Assumed (2 56) 3.232 0.047* 

Disability Frequency Greenhouse Geisser (1.53, 42.70) 5.494 0.013* 

Disability Limitation Sphericity Assumed (2.56) 2.423 0.098 

*p < 0.05 denotes statistical significance; LLFDI = Late Life Function and Disability In-
strument. 

 
Table 3. Functional status (LLFDI)—group mean changes over time in elective cardiac 
surgery patients. 

Variable Time Mean 
Std.  

Deviation 
LLFDI Limitation 

Classification 
Sig. 

Function 
total 

Preoperative 62.3424 8.90171 
Moderate to 

Slight 
 

N = 29 
6 Weeks  

Postoperative 
62.9655 8.70044 

Moderate to 
Slight 

 

 
1 Year  

Postoperative 
65.8210 10.98957 Slight  

(Pre-Op to 1 
Year Post-Op) 

M Difference +3.4786 1.48 (SE)  0.026* 

Disability  
Frequency 

Preoperative 51.8141 6.20402 
Moderate to 

Slight 
 

N=29 
6 Weeks  

Postoperative 
52.9041 8.17441 

Moderate to 
Slight 

 

 
1 Year  

Postoperative 
57.7921 12.48259 Slight  

(Pre-Op to 1 
Year Post-Op) 

M Difference +5.978 2.19 (SE)  0.033* 

Disability 
Limitation 

Preoperative 75.6497 14.93365 Slight  

N=29 
6 Weeks  

Postoperative 
75.6317 15.57000 Slight  

 
1 Year  

Postoperative 
81.6524 15.44953 Slight  

(Pre-Op to 1 
Year Post-Op) 

M Difference +6.0207 2.55 (SE)  0.075 

*p < 0.05 denotes statistical significance; The higher the mean score = the more function-
al, less disabled the individual; LLFDI = Late Life Function and Disability Instrument. 
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The sphericity assumption was violated for Disability Frequency. Utilizing the 
Greenhouse-Geisser correction for repeated measures ANOVA revealed signifi-
cant differences over time for Disability Frequency, F (1.53, 42.70) = 5.49, p = 
0.013, ε = 0.763, indicating subject participation in social life tasks significantly 
improved over time. Specifically, preoperative Disability Frequency scores (M = 
51.80, SD = 6.20) were significantly lower than one-year postoperative scores (M 
= 57.79, SD = 12.48), which indicated that social task participation significantly 
increased from preoperative to one-year postoperative (M difference = +5.98, SE 
= 2.19, p = 0.033 (Table 3) as revealed by post hoc pairwise comparison tests 
using Bonferroni adjustment. 

Disability Limitation was not significantly associated with time (p = 0.098), 
meaning that capabilities in performing social life tasks did not change preope-
ratively to postoperatively (see Table 2). 

4. Discussion 

This study’s findings indicated that by one-year postoperative, individuals 
surpassed their preoperative functional status. These findings are consistent 
with a few longitudinal studies that have explored functional status changes 
after CABG surgery [15] [23] [28] [29]. These studies, however, differed in 
study duration and/or outcome measure selection and did not include either 
preoperative or prospective data. A few studies only tracked functional status 
to six months post-CABG [21] [30] [31]. Bӓck et al. [15] captured functional 
mobility pre-cardiac surgery using Functional Independence Measure (FIM) 
scores but estimated one-year postoperative outcomes. Ko et al. [23] con-
ducted a retrospective study in which preoperative functional status was de-
rived from admission FIM scores to estimate postoperative major cardiac 
events and mortality risk six months following cardiac surgery and no pa-
tient-response data were collected. Joskowiak et al. [29] concluded “functional 
status” improved within the first year after cardiac surgery but examined 
health-related quality of life rather than function. Douki et al. [28] determined 
functional status at 18 months surpassed baseline scores, however no time 
points between were assessed.  

Based on results from this study, no improvement in any aspect of functional 
status was detected at 6-week postoperative. Minimal research to date has been 
conducted examining functional changes this early post-surgery. Niemey-
er-Guimarães et al. [31] explored functional status changes from preadmission 
to one and six-month postoperative using Katz ADL Scale and FIM scores and 
concluded slow recovery without return to baseline scores. Mori et al. [30] found 
of subjects post-CABG (n = 362), that 14% still had difficulty in at least one ADL 
at six months. These results are consistent with the findings from this study. 
Cardiac surgery is a major operation which typically includes sternal precautions 
for six weeks and this may help to explain why patients did not report significant 
improvement 6 weeks post-surgery. 
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5. Strengths and Limitations 

The relatively small sample impacted the statistical power of the study, and pos-
sibly explains the inability to reach any of the standardized minimally detectable 
change (MDC) levels, according to a validation study by LaPier and Mizner [27] 
for the LLFDI tool, despite reaching statistical significance on Disability Fre-
quency and Function Total with the data. Based on 95% confidence interval, 
LaPier and Mizner calculated MDC for the Disability Limitation component as 
16.7 and in high contrast to 7.8 for Disability Frequency component and 4.3 for 
the Function component [27]. Given the wide variance in response noted for 
Disability Limitation, the change needed to exceed level of measurement error in 
order to detect meaningful change in Disability Limitation was not likely to be 
reached with the relatively small sample size here.  Unlike the frequency to 
which one participates in personal and social life tasks, Disability Limitation re-
fers to one’s capability in participating. Since people participate in activities with 
great variance in capability, a wide range of scores is not unexpected. However, 
this may have reduced the power and inflated the risk of a type II error. 

Although MDC was not reached, minimum clinically important difference 
(MCID) was reached according to Beauchamp et al. [43], with MCID for each 
LLFDI sub-group between 2 (small) and 5 (large/significant) and considered 
clinically meaningful to the participants. In terms of clinical relevance in this re-
search field, this study was one of the first to collect prospective patient data on 
cardiac surgery recovery with respect to functional status changes from preoper-
ative to six weeks postoperative and as far out as one-year postoperative. Fur-
ther, this study used an outcome tool specifically designed to measure functional 
status and one tested on patients with cardiovascular disease [27] [35] [36] [38] 
[39] [41]. 

Attrition rate from consent to preoperative LLFDI was 29% (n = 22). One ex-
planation may have been that subjects were met just after news received of car-
diac surgery recommended, without much time to process information. Further, 
there was a small window of time (roughly two hours) to obtain informed con-
sents before subjects were discharged home. Conducting this study at a single 
site with a sample of convenience without a control group limits the generaliza-
bility of the findings. Closer examination of the data revealed that all but six of 
the participating subjects underwent CABG surgery (n = 37) and only one of the 
six valve procedures was a combination valve/CABG surgery; therefore, the 
sub-groups were too small for comparative analysis. This research did not con-
sider other factors that also may have influenced postoperative functional status 
such as whether subjects participated in cardiac rehabilitation. Tahir et al. [44] 
noted a positive correlation between cardiac rehabilitation participation and im-
proved physical function following CABG. Future studies would benefit from 
exploring cardiac rehabilitation’s influence on functional status changes over 
time and conducting a multi-center study to fully examine cardiac surgery sub- 
groups. 
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6. Conclusion 

Although cardiac surgery patients’ difficulties with various social life tasks (disa-
bility limitation) failed to significantly improve by one-year postoperative, the 
extent of participation in their social life tasks (disability frequency) and their 
ability to perform routine physical activities (function) significantly improved 
over time, specifically from preoperative to one-year postoperative. For individ-
uals and their loved ones, cardiac surgery is a serious conversation with the 
medical team and one that should be patient-centered [45] [46]. Having as much 
information as possible is of the utmost importance [45]. Understanding func-
tional status changes over time may assist patients and their families in elective 
cardiac surgery decisions and with what to expect for recovery [16] [45]. Ameri-
can Heart Association/American College of Cardiology Joint Committee on 
Clinical Practice Guidelines, published December 2023, is the first to recognize 
the importance of functional status and recommend its inclusion among other 
risk factors [47]. Cardiac risk scores have yet to include functional status and a 
standardized outcome tool has yet to be established [47]. 
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