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Abstract

This prospective cohort study sought to identify predictors of functional decline in patients aged
65 years or older who underwent major, nonemergent abdominal or thoracic surgery in our tertiary
hospital from 2006 to 2008. We used the Stanford Health Assessment Questionnaire—Disability
Index (HAQ-DI) to evaluate functional decline; a 0.1 or greater increase was used to indicate a
clinically significant decline. The preoperative Duke Activity Status Index (DASI) and a physical
function score (PFS), assessing gait speed, grip strength, balance, and standing speed, were
evaluated as predictors of decline. We enrolled 215 patients (71.2 + 5.2 years; 56.7% female); 204
completed follow-up HAQ assessments (71.1 + 5.3 years; 57.8% female). A significant number of
patients had functional decline out to 1 year. Postoperative HAQ-DI increases of 0.1 or greater
occurred in 45.3 per cent at 1 month, 30.1 per cent at 3 months, and 28.3 per cent at 1 year. Pre-
operative DASI and PFS scores were not predictors of functional decline. Male sex at 1 month
(odds ratio [OR], 3.05; 95% confidence interval [CI], 1.41 to 6.85); American Society of
Anesthesiologists class (OR, 3.41; 95% Cl, 1.31 to 8.86), smoking (OR, 3.15; 95% ClI, 1.27 to
7.85), and length of stay (OR, 1.09; 95% ClI, 1.01 to 1.16) at 3 months; and cancer diagnosis at 1
year (OR, 2.6; 95% ClI, 1.14 to 5.96) were associated with functional decline.

The fastest growing segment of the American population is the group of people who are 65
years of age or older. According to the National Center for Health Statistics, “baby
boomers” started to become 65 years old in 2011; 71 million people will be 65 years of age
or older by 2030, representing approximately 20 per cent of the U.S. population.!
Approximately 16 million inpatient surgical procedures were conducted in patients aged 65
years or older in 2006, and 2.3 million of those procedures were abdominal surgeries.! Older
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adults undergo surgery twice as often as their younger counterparts, and as the growing
American population ages even more, many older patients will undergo both elective and
emergency surgeries.?

Previous studies®~% have shown that older age is associated with increased mortality and
morbidity after surgery. Older patients have decreased functional reserve in most organ
systems, making compensation from the stresses of surgery more challenging with increased
frequency of postoperative complications.2 7 Although preoperative risk factors for
postoperative morbidity and mortality are well established,® ? little is known about
postoperative functional decline and disability independent of morbidity. Like with
postoperative morbidity and mortality, the stress of a surgical intervention—anesthesia,
operation, and complicated or uncomplicated recovery—appears to have a major influence
on functional decline in many older patients. Our group previously evaluated the impact of
the most common abdominopelvic procedures among patients aged 65 years or older in
Washington State. We found that 11 per cent of these patients were discharged to an
institutional care facility (ICF) and that the risk of death within a year after surgery was 3.5
times higher for patients discharged to an ICF compared with patients discharged to home.10
Therefore, it is imperative to understand and intervene on preoperative factors that are
associated with functional decline.

Accordingly, a focus of research in older patients undergoing surgery has been to identify
preoperative factors that predict postoperative functional decline and, through intervention,
to potentially reduce postoperative morbidity and mortality. Several studies1~14 have been
conducted to define preoperative risk factors for complications in older patients by using
geriatric-specific markers such as frailty. However, the disadvantages in using frailty as a
marker are that frailty has a multidimensional component, and it is inconsistently associated
with decline. In addition, a simple, standardized function-based metric, if predictive, might
be more helpful.

To understand functional decline and the potentially modifiable factors associated with
decline, we performed a prospective study of patients 65 years of age or older undergoing
general and thoracic surgical procedures. The objective of the study was to quantify the
degree of functional decline in older patients and to determine the demographic, clinical, and
—most specifically—the functional factors, based on standardized measures of preoperative
function, that predict functional decline after surgery.

Study Subjects

This was a prospective, observational study. All study participants were enrolled
consecutively from the University of Washington Medical Center (UWMC) clinics from
June 2006 through August 2008 and followed for at least 12 months. Inclusion criteria were
age 65 years or older, English-speaking, undergoing nonemergent abdominal or thoracic
surgery, and willingness to be followed for 1 year after surgery. Exclusion criteria were
inguinal/abdominal wall hernia repairs, lung volume reduction surgeries, organ
transplantation, cardiac procedures, and dementia as measured by the Mini-Cog test.1®
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Screening Procedure

Eligible patients were identified through the UWMC scheduling system and approached by
trained research staff during their initial consult or preanesthesia visit in the surgical clinic.
Patients who were interested in the study were given a Mini-Cog test. Written informed
consent was obtained from all participants, and the study protocol and procedures were
approved by the University of Washington Human Subjects Review Committee.

Study Protocol

Data Classification—Eligible procedures were identified by the International
Classification of Diseases, Ninth Edition (ICD-9) procedural code that represented
gastrointestinal, genitourinary, and thoracic operations as the primary procedure.

Sociodemographic and Clinical Characteristics—Before surgery, demographic
information and social history were obtained for each subject. The participants’ self-reported
medical histories and total number of medications taken within the past 30 days before
surgery were also ascertained. The participants were specifically asked whether or not they
had been diagnosed with cancer. Each subject’s weight, height, and body mass index were
measured before surgery.

Preoperative Exercise Tolerance—The following questionnaires were answered by the
participants before surgery: Five-Item Geriatric Depression Scale,1® Duke Activity Status
Index (DASI),17 and Stanford Health Assessment Questionnaire (HAQ).18: 19 Baseline
functional performance was assessed using the DASI questionnaire. Participants were asked
if they could perform certain activities (and if so, whether with no difficulty or some
difficulty). A score for an activity was given only if the participant could perform the
activity with no difficulty. The scores were summed and ranged semicontinuously from 0 to
52.95; a score of 52.95 indicated the highest level of functioning and exercise tolerance.’

Objective Physical Performance Measures—Preoperative physical performance was
measured in four areas: gait speed, grip strength, balance, and standing speed. For gait
speed, each participant was asked to complete two 10-foot linear walks down a corridor at
the person’s normal pace. The average of the two walks was scored as follows: greater than
4.5 seconds (men) or greater than 5.0 seconds (women), a score of 1; 4.0 to 4.5 seconds
(men) or 4.0 to 5.0 seconds (women), a score of 2; 3.0 to 3.9 seconds (men and women), a
score of 3; and 3.0 seconds or less (men and women), a score of 4. For grip strength, each
participant was asked to use a Jamar® Hydraulic Hand Dynamometer. The greatest of the
three attempts in the participant’s dominant hand, measured to the nearest 0.1 kg, was
recorded. Quartiles for this measure were scored as follows: less than 25 kg (men) or less
than 15 kg (women), a score of 1; 25 to 29.9 kg (men) or 15 to 19.9 kg (women), a score of
2; 30 to 39.9 kg (men) or 20 to 24.9 kg (women), a score of 3; and 40 kg or greater (men) or
25 kg or greater (women), a score of 4. For balance, each participant was asked to stand
fully tandem for 10 seconds. Quartile scores were the same for both sexes and were scored
as follows: If the participant was able to stand in full tandem (heel of one foot contiguous to
toes of opposite foot) for 10 seconds, a score of 4; if the participant was only able to hold
full tandem between 1 and 9 seconds, a score of 3; if the participant could hold only a
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semitandem position (heel of one foot adjacent to toes of opposite foot) for 10 seconds, a
score of 2; and if the participant could hold only a side-to-side position for 10 seconds, a
score of 1. For standing speed, each participant was asked to sit in an upright position and
cross arms over the chest. Chair size was adjusted to the participant’s height so that the
thighs were parallel to the ground with feet flat to the floor. The participant was asked to
stand straight up as quickly as possible and sit back down five sequential times. Timing
began at the start of the initial movement up and stopped at the moment the posterior was in
contact with the chair on the third trial. Quartile scores were given as follows: 20 seconds or
greater (men) or 21 seconds or greater (women), a score of 1; 17 to 19.9 seconds (men) or
18 to 20.9 seconds (women), a score of 2; 11 to 16.9 seconds (men) or 12 to 17.9 seconds
(women), a score of 3; and 11 seconds or less (men) or 12 seconds or less (women), a score
of 4.

Performance quintiles were based on previously validated measures controlled for sex and
used as cutoff points.20-22 |f a participant could not perform a physical test, a score of 0 was
given for that measure. A physical function score (PFS) was obtained for each participant by
summing the scores from each domain, creating a total scale ranging from 0 to 16. A score
of 0 indicated inability to perform any of the tasks, and a score of 16 indicated no physical
limitations. The participants were divided into tertiles: the high, middle, and low PFS
groups.

Disability and Functional Status Measure—~Functional status and disability after
surgery were evaluated using the Stanford HAQ and were assessed in eight realms (dressing,
arising, eating, walking, hygiene, reach, grip, and performing errands). Each question was
scored as follows: no difficulty in performing a task, a score of 0; some difficulty, a score of
1; much difficulty, a score of 2; and unable to do, a score of 3. The highest score indicated
the disability level for that category; the cumulative score for each category was averaged to
create the disability index (DI). After surgery, each subject was followed for 1 year. The
HAQ was administered over the telephone at 1 month, 3 months, and 1 year after surgery to
assess each participant’s functional status and quality of life after the surgical procedure.

Clinical Outcomes—Relevant clinical parameters and outcomes were abstracted by
trained abstractors from the electronic medical record. These included: length of anesthesia,
length of surgery, estimated blood loss, American Society of Anesthesiologists (ASA)
classification, complications, length of in-patient stay (in days), and discharge location.
Laboratory values obtained pre-operatively included the most recent creatinine (mg/dL) and
albumin (g/dL) within 90 days before surgery and the lowest postoperative, inpatient
hematocrit (%) before discharge. Procedural type was classified as open or laparoscopic; any
laparoscopic procedure converted to an open procedure was classified as open.

Complications were classified into five domains: cardiac complications (ischemic events,
heart failure, arrhythmia, hypotension), pulmonary complications (acute respiratory distress
syndrome, hypoxemia, pneumonia, bronchospasm), infectious complications (superficial
wound, deep wound, abscess wound, bacteremia, urinary infection), general complications
(delirium, stroke/transient ischemic attacks, deep vein thrombosis, pulmonary embolism,
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gastrointestinal bleed, fall, renal failure, death), and surgical complications (wound
dehiscence, anastomotic leak, reoperation).

Statistical Analysis

Results

Prior studies?® 24 have determined that an increase in the HAQ-DI score of at least 0.1 is
clinically important (equivalent to patient-reported overall status of improvement or
worsening). We used this parameter to classify whether patients experienced functional
decline after surgery (i.e., whether no significant worsening or functional improvement) at 1,
3, and 12 months follow-up.

Patient characteristics were summarized using frequency distributions, Pearson 2 statistics
for categorical variables, means and standard deviations using the Wilcoxon rank sum test,
and Student’s t test for continuous variables stratified by HAQ-DI score increase of 0.1 or
greater at 1, 3, and 12 months postoperatively. Characteristics associated with a risk of
HAQ-DI score increase of 0.1 or greater at 1 month, at 3 months and at 1 year were initially
assessed by univariate comparison. Logistic regression models were created to evaluate the
association between significant (P < 0.05) preoperative predictors and outcomes and
variables expected to be related based on previous studies. STATA software was used for all
analyses (Version 11; STATA Corp., College Station, TX).

Four hundred patients were identified as eligible for the study, 370 were approached for
participation, and 285 gave written informed consent. There were 72 potential participants
who were excluded for the following reasons: did not proceed to surgery (n = 36); failed
preoperative cognitive screening (n = 14); underwent a nonqualifying procedure (n = 2);
withdrew consent before the 3-month assessment (n = 10); had incomplete baseline data (n =
4); failed to undergo preoperative physical assessments (n = 2); needed emergent surgery (n
= 1); or died before surgery (n = 3). There remained 213 patients who were included in the
analysis; of these, 204 completed HAQ and PFS questionnaires at the 3-month follow-up
assessment. Some participants’ data were missing at 3 months for the following reasons:
death before the 3-month postoperative assessment (n = 4); lost to follow-up (n = 5); and
failure to complete all HAQ-DI domains.

The average age of the subjects was 71.1 + 5.3 years and 57.8 per cent were female. Patients
who had an increase in their HAQ-DI scores of 0.1 or greater (clinically significant
worsened functional status) after 3 months were older (72.3 = 6.1 years vs 70.6 + 4.8 years,
P = 0.03), more likely to be current or former smokers (72.9 vs 55.3%, P = 0.02), and more
likely to be in ASA Class 3 or above (86.7 vs62.2%, P = 0.001) (Table 1). Patients whose
HAQ-DI score increased by 0.1 or greater had longer length of stay (LOS) (7.4 £+ 8.2 days vs
5.3 £ 5.8 days, P = 0.04) and were more likely to be discharged to an ICF (14.8 vs6.3%, P =
0.05) (Table 1).

Proportion with Functional Decline

Overall, the mean HAQ-DI scores increased from baseline by 0.22 at 1 month and by 0.03 at
3 months. Eventually, the mean HAQ-DI scores returned down to baseline with a 0.36 mean
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HAQ-DI score at 1 year (Fig. 1). There was significant variability in HAQ scores at all time
points with a range of —0.16 to 1.29 at 1 month, —0.22 to 0.96 at 3 months, and —0.18 to 0.89
at 1 year. A significant proportion of patients had an HAQ-DI score increase of 0.1 or
greater: 45.3 per cent at 1 month, 30.1 per cent at 3 months, and 28.3 per cent at 1 year.
Patients undergoing pancreatic and thoracic resections had the greatest functional decline at
1 month (80.0 and 50.0%, respectively), but by 3 months, the proportion declined (33.3 and
22.7% at 1 year, respectively) (Table 2). Patients undergoing hepatobiliary operations did
not recover as well from functional disability with 40 per cent of the patients still having an
HAQ-DI score increase of 0.1 or greater at 1 year compared to 38.9 per cent at 1 month.

Relationship of Preoperative Parameters and Decline

Subjects with higher preoperative functional status (DASI greater than 40 and highest PFS
tertile) had a similar pattern of functional decline at all time points after surgery compared
with subjects who had lower preoperative functional status (DASI 40 or lower and lowest
PFS tertile). We compared preoperative characteristics for subjects who experienced
clinically significant functional decline at 3 months. Subjects with higher functional status at
baseline recovered quicker (i.e., improvement of HAQ scores starting at 3 months)
compared with those with lower functional status, but neither group returned to their
baseline functional status at 1 year (Fig. 2).

Univariate analysis showed that age, sex, depression, cancer, LOS, discharge to an ICF,
postoperative complications, and laparoscopic procedures were associated with functional
decline. Higher preoperative DASI and total PFS scores (highest tertile vs lowest tertile)
were associated with a small but statistically significant reduced risk of functional decline at
1 month (odds ratio [OR], 0.98; 95% confidence interval [CI], 0.97 to 0.99 for DASI and
OR, 0.46; 95% CI, 0.23 to 0.92) for PFS) and 3 months (OR, 0.98; 95% CI, 0.96 to 0.99 for
DASI and OR, 0.32; 95% ClI, 0.14 to 0.73 for PFS) but not at 1 year (OR, 0.99; 95% ClI,
0.97 to 1.01 for DASI and OR, 0.61; 95% Cl, 0.27 to 1.39 for PFS). For each of the
functional measures (gait speed, grip strength, balance, and standing speed), only the higher
preoperative balance score was associated with lower odds of functional decline at 3 months
(OR, 0.5; 95% CI, 0.26 to 0.94). Adjusting for important patient, clinical, and perioperative
characteristics, ASA class (OR, 3.41; 95% Cl, 1.31 to 8.86), smoking status (OR, 3.15; 95%
Cl, 1.27 to 7.85), and LOS (OR, 1.09; 95% CI, 1.01 to 1.16) were associated with functional
decline at 3 months (Table 3). Male sex was associated with functional decline at 1 month
but not afterward, and cancer diagnosis was associated with decline only at 1 year (Table 3).

Discussion

A significant proportion of older patients undergoing major surgery experienced functional
decline at 1 month (45.3%), 3 months (30.1%), and 1 year (28.3%). Although other
investigators!l: 13. 25, 26 have suggested that preoperative functional and physical function
might be a modifiable predictor of decline, we found no significant association between
baseline functional and physical status and functional decline. Among participants who had
an initial functional decline, higher preoperative functional status was related to a quicker
recovery, but no subgroups returned to baseline functional status. ASA class, smoking, LOS,
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cancer, and male sex were associated with significant functional decline at some point after
surgery.

Functional decline is commonly noted in older adults after surgery. A case series study?’ of
nonagenarians reported a 27 per cent loss of the ability to ambulate independently after all
major surgery. A more recently published retrospective cohort study?® found that 16 per cent
of all adults were unable to return directly home after noncardiac surgery, increasing to 39
per cent in adults aged 80 years and older. Modifiable preoperative factors that are
associated with functional decline after surgery still need to be identified. Small studies?®: 2
in older patients undergoing orthopedic surgery have shown that preoperative functional
status is an important predictor of postoperative function. Seymour and Pringle3° found that
in patients undergoing nonorthopedic surgery, higher preoperative activity level, defined as
“those who left their homes as a result of their own efforts at least twice a week,” was
associated with fewer complications. Recently, Lawrence et al.1 conducted a prospective
cohort study investigating the natural history of functional recovery in older adults after
major elective abdominal surgery. These authors showed that some patients experience
significant functional decline in activities of daily living (ADL) after 1 week postoperatively
with 50 per cent of patients reporting dependency for dressing and bathing and 30 per cent
requiring assistance for eating and grooming.3! Some patients failed to recover their
preoperative ADL functioning even after 6 months. Lawrence et al.31 noted that poor
preoperative physical performance (measured by gait speed, functional reach, and handgrip
strength), depression, and serious postoperative complications were associated with poor
ADL recovery after abdominal surgery. Our study builds on previous studies by quantifying
the degree of postoperative functional decline using the HAQ-DI score, describing
functional decline and recovery over time, and determining the preoperative factors
associated with physical performance and functional decline/disability after surgery. We did
not see a similar relationship between preoperative functional status and outcome. This may
be because the DASI and PFS scores are inconsistent predictors of functional decline in
certain populations or are not effective descriptors of preoperative function.

Maintenance of baseline levels of function and independence and reduction in premature
disability after a surgical procedure are critical from a physical, psychological, social, and
economic standpoint. As the population ages, functional decline and the subsequent need for
extended medical care after surgery affects an important proportion of the two million
Americans in nursing homes.32 Surgery is a major stressor to functional status and must be
considered in the context of a general decline in functional status associated with “healthy
aging.” A healthy 65 year old is expected to have 9.5 years of functional independence,
whereas an 85 year old is expected to have an average of 3.3 years of independent
function.33 For all aging patients, modifiable risk factor identification may provide
important information about risk reduction.

Studies examining predictors of functional decline in community-dwelling and hospitalized
older adults have evaluated medications,3* age,3® low social activity,38 increasing
comorbidity,36-39 cognitive impairment,35-37: 39 depression,4%: 41 prior disability,35-37 lack
of physical activity,*2 43 and poor physical performance.2%: 44 We analyzed most of these
variables and found that only ASA scores, LOS, smoking, cancer, and male sex were
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associated with significant functional decline at some point after surgery. Limited self-
reported exercise tolerance and frailty at baseline have been associated with an increased
risk for complications.13: 26 Carli et al.#> demonstrated an association between preoperative
improvement in functional status and postoperative recovery regardless of the type of
exercise program (complex vssimple). Identifying a good exercise tolerance measure is
needed because interventional trials suggest the benefits of preoperative rehabilitation
programs.?® To identify good candidates for such an intervention, our findings do not
support the use of the DASI (self-reported) and PFS (objective) questionnaires.

There are several limitations to our study. Because the study subjects were recruited at an
academic medical center and 97 per cent of those enrolled identified themselves as non-
Hispanic whites, our results may not be generalized beyond patients with similar
characteristics. Additionally, patients who were too ill to undergo surgery or showed signs
of cognitive decline at screening were not included. Although some research has concluded
that frailty occurs before the onset of cognitive impairment, some investigators contend that
frailty and cognitive impairment have similar etiologies and occur in tandem.16: 31 The
HAQ-DI has been validated in numerous studies and has demonstrated substantial content
and face validity compared with other measures of disability.18 19 However, the HAQ-DI
has been used mostly in patients with rheumatoid arthritis and has never been evaluated in
patients undergoing major surgery. There is a possibility that some of the decline seen in our
study was a consequence of postoperative events not reported by the participants. Lastly,
any preoperative frailty status of the patients may have been known to the patients’
providers, and we could not determine if interventions were adjusted to facilitate
postoperative function.

A major focus in caring for aging patients is preventing functional decline and increasing the
number of disability-free years. In this study, 45 per cent of older adults experienced
functional decline after surgery. The search for modifiable factors to prevent decline is
important; but although we discovered certain clinical factors to be associated with decline,
we found that a determination of baseline functional physical decline (as measured by the
DASI and PFS scores) was not helpful in predicting functional decline. Research on
nonpredictive factors of post-surgical functional decline will be vital for guiding future
investigations to find modifiable factors to prevent functional decline.
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Fig. 1.

Mean Health Assessment Questionnaire (HAQ) scores (with standard deviation) at baseline
and at 1 month, 3 months, and 1 year postoperatively.
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Fig. 2.

Mean Health Assessment Questionnaire (HAQ) scores for study participants with HAQ
score worsening (increase) by 0.1 or greater at 3 months: (A) overall mean HAQ scores
(with standard deviation) at baseline, at 1 month, at 3 months, and at 1 year postoperatively.
(B) Mean HAQ scores at each time period stratified by study participants with Duke
Activity Status Index (DASI) scores greater than 40 versus DASI scores 40 or less at
baseline, and study participants with physical function score in the highest tertile versus

lowest tertile at baseline.
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Baseline Clinical Characteristics of Study Participants with HAQ-DI Score Increase of 0.1 or Greater at 3

Months Postoperatively

Characteristics Overall No Decline Decline P
Sociodemographic Variables

No. 204 143 61

Age (mean £ SD) 711+53 70.6+4.8 723+6.1 0.03

Percent female 118 (57.8%) 86 (60.1%) 32 (52.5%) 0.3

Percent married 138 (69.0%) 100 (71.9%) 38(62.3%) 0.2

Education level (%) 0.4

Elementary 7 (3.7%) 4 (3.0%) 3 (5.2%)

High school 52 (27.4%)  40(30.3%) 12 (20.7%)

College 121 (63.7%) 80 (60.6%) 41 (70.7%)

Other 10 (5.3%) 8 (6.1%) 2 (3.5%)
Smoking status 0.02

Current/former 121 (60.5%) 78 (55.3%) 43 (72.9%)

Never 79 (39.5%) 64 (44.7%) 16 (27.1%)

Clinical Variables
Cancer diagnosis 110 (55.6%) 75(53.6%) 35(60.3%) 0.4
Laparoscopic procedures 87 (43.3%) 63 (44.7%) 24 (40.0%) 0.5
ASA class 0.001

111 59 (30.3%) 51 (37.8%) 8 (13.3%)

H-1v 136 (69.7%) 84 (62.2%) 52 (86.7%)
Medical history

Congestive heart failure 14 (7.0%) 7 (5.0%) 7(11.7%) 0.09

Hypertension 109 (53.7%)  75(52.8%) 34 (55.7%) 0.7

Diabetes 48 (23.8%) 36 (25.4%) 12(20.0%) 0.4

Ischemic heart disease 21 (10.3%) 13 (9.1%) 8(13.1%) 04

COPD/emphysema 22(10.9%)  13(9.2%)  9(15.0%) 0.2

Depression 45 (22.2%)  28(19.7%) 17 (27.9%) 0.2

DVT/PE 27 (14.0%) 20 (14.7%) 7(123%) 0.7
Charlson’s comorbidity index 0.7

0 42 (21.4%) 30 (21.4%) 12 (21.4%)

10 86 (43.9%) 63 (45.0%) 23 (41.1%)

2 36 (18.4%) 27 (19.3%) 9 (16.1%)

3+ 32(16.3%) 20 (14.3%) 12 (21.4%)

Mean = SD 14+14 14+13 16+15
Preoperative hematocrit (%) 37.1+5.2 37.0+5.0 37.3+56 0.7
Creatinine greater than 2 mg/dL 12 (7.2%) 3(7.8%) 3(5.8%) 0.6
Albumin less than 3 g/dL 14 (13.0%) 12 (16.0%) 2 (6.1%) 0.2

Postoperative Variables
Postoperative complications 48 (23.7%)  33(23.2%) 15(24.6%) 0.8
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Characteristics Overall No Decline Decline P
Length of stay 6.0+6.7 53+5.8 7.4+82 0.04
Discharge to assisted facility 18 (8.8%) 9 (6.3%) 9(14.8%) 0.05

HAQ-DI, Health Assessment Questionnaire-Disability Index; SD, standard deviation; ASA, American Society of Anesthesiologists; COPD,
chronic obstructive pulmonary disease; DVT, deep vein thrombosis; PE, pulmonary embolism.
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HAQ-DI Score Increase of 0.1 or Greater Overall and by Type of operation Over Different Time Periods

Postoperatively

HAQ-DI Increase at 1 Year

Type of Operation HAQ-DI Increase at 1 Month  HAQ-DI Increase at 3 Months
Overall (n = 204) 91/201 (45.3%) 61/203 (30.1%)
Endocrine and renal (n = 5) 1 (20%) 1 (20%)

Intestinal (n = 45) 21 (48.8%) 17 (39.5%)
Esophageal (n = 45) 20 (46.5%) 11 (24.4%)

Gastric (n = 26) 8 (30.8%) 4 (15.4%)
Pancreatic (n = 16) 12 (80.0%) 6 (40.0%)
Hepatobiliary (n = 38) 14 (38.9%) 14 (38.9%)
Abdominal wall procedures (n = 7) 2 (28.6%) 1(14.3%)

Thoracic (n = 26) 13 (50.0%) 7 (26.9%)

51/180 (28.3%)

2 (40%)
13 (34.2%)
10 (23.8%)
3 (12.0%)
4 (33.3%)
12 (40.0%)
2 (33.3%)
5 (22.7%)

HAQ-DI, Health Assessment Questionnaire-Disability Index.
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Multivariate Logistic Regression Analysis of Study Participants with Functional Decline (as measured by
HAQ-DI score increase of 0.1 or greater) at 1 Month, 3 Months, and 1 Year Postoperatively

Baseline Characteristics

Characteristics

Functional decline at 1 month

(OR, 95% CI)

Functional decline at 3 months

(OR, 95% CI)

Functional decline at 1 year
(OR, 95% CI)

Age

Sex

ASA

Depression

Cancer

Smoker

Length of stay

Discharge to assisted facility
Postoperative complications
Laparoscopic procedures
DASI

Physical functional score”
Middle tertile
Highest tertile

1.07 (0.99-1.15)
3.05 (1.41-6.58)
1.29 (0.58-2.87)
2.04 (0.95-4.36)
1.52 (0.68-3.39)
1.67 (0.79-3.53)
1.13 (1.04-1.23)
0.37 (0.06-2.08)
1.26 (0.52-3.03)
1.89 (0.89-4.02)
1.01 (0.98-1.03)

0.68 (0.28-1.66)
0.67 (0.23-1.95)

1.02 (0.95-1.09)
2.23 (0.98-5.08)
3.41 (1.31-8.86)
1.5 (0.63-3.6)
1.29 (0.58-2.89)
3.15 (1.27-7.85)
1.09 (1.01-1.16)
1.02 (0.2-5.09)
0.59 (0.21-1.62)
0.47 (0.22-1.01)
1.01 (0.98-1.04)

0.51 (0.19-1.36)
0.45 (0.14-1.41)

1.03 (0.96-1.11)
1.17 (0.49-2.78)
1.41 (0.59-3.34)

1.5 (0.66-3.39)

2.6 (1.14-5.96)
1.04 (0.46-2.36)
1.01 (0.94-1.09)
0.11 (0.01-1.35)
0.45 (0.18-1.15)
1.46 (0.68-3.15)
0.99 (0.96-1.02)

0.74 (0.29-1.92)
0.66 (0.23-1.89)

HAQ-DI, Health Assessment Questionnaire-Disability Index; OR, odds ratio; CI, confidence interval; ASA, American Society of
Anesthesiologists; DASI, Duke Activity Status Index.

*
For physical functional score, the middle and highest tertile groups are compared against the lowest tertile group.
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