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Abstract

Surgeons are increasingly treating seniors with complex care needs who are at high-risk of

readmission and functional decline. Yet, the prognostic importance of post-operative mobili-

zation in older surgical patients is under-investigated and remains unclear. Thus, we evalu-

ated the relationship between post-operative mobilization and events after hospital

discharge in older people. Overall, 306 survivors of emergency abdominal surgery aged

�65y who required help with <3 activities of daily living were prospectively followed at two

Canadian tertiary-care hospitals. Time until mobilization after surgery was attained from

hospital charts and a priori defined as ‘delayed’ (�36h) or ‘early’ (<36h). Primary outcomes

for 30-day and 6-month all-cause readmission/death after discharge were assessed in multi-

variable logistic regression. Patients had a mean age of 76 ± 7.7 years, 45% were women,

41% were ‘vulnerable-to-moderately-frail’, according to the Clinical Frailty Scale. Most com-

mon reasons for admission were gallstones (23%), intestinal obstructions (21%), and hernia

(17%). Median time to post-operative mobilization was 19h (interquartile range 9−35); 74

(24%) patients had delayed mobilization. Delayed mobilization was independently associ-

ated with higher risk of 30-day readmission/death (19 [26%] vs. 22 [10%], P<0.001; adjusted

odds ratio [aOR] 2.24, 95%CI 0.99–5.06, P = 0.05), but this was not statistically significant

at 6-months (38 [51%] vs. 64 [28%], P<0.001; aOR 1.72, 95%CI 0.91−3.25, P = 0.1). One-

quarter of older surgical patients stayed in bed for 1.5 days post-operatively. Delayed mobili-

zation was associated with increased risk of short-term readmission/death. As older, more

frail patients undergo surgery, mobilization of older surgical patients remains an understud-

ied post-operative factor.
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Introduction

Immobilization is potentially harmful. Adverse physiological changes, such as muscle atrophy

and reduced limb strength and aerobic capacity [1], have been observed following immobiliza-

tion. Immobilization has been associated with increased risk of disuse osteoporosis [2], cardio-

vascular complications [3], and death [3].

Consequently, one might expect early mobilization to be of benefit in improving surgical

recovery. Early mobilization after surgery prevents prolonged bed rest and may potentially

prevent surgical complications. Prior studies of mobilization in the adult population have

shown reductions in length of stay by 1–3 days [3, 4] and lower rates of pulmonary embolism,

urinary tract infection, and delirium [3, 5].

However, few published data in older people are available. Of 8 prior studies to examine the

effect of early mobilization following abdominal and thoracic surgery, none were conducted in

older cohorts [6]. Yet, there are reasons to specifically encourage early mobilization in older

patients. In this patient population, early mobilization is seldom performed or immobility is

under-recognized in hospital [7–9], which results in older patients remaining immobile longer

than their younger counterparts [9]. Older patients often present with comorbidity and frailty

and may be particularly susceptible to complications and functional decline, resulting from

delayed mobilization [3]. Indeed, immobilization in hospitalized older people has been consid-

ered a potentially modifiable risk-factor in ‘the cascade to dependency’ and progression toward

institutional care and death [10].

No less important, the number of older emergency surgical patients is increasing. Older-

aged patients frequently undergo gastrointestinal surgery [11, 12], which represents a large

proportion of inpatient surgery in Canada–twice that of hip replacement and coronary artery

angioplasty in 2012 [13], and the highest rate of 30-day surgical readmission, with one of six

ostomy patients readmitted [11]. Thus, we examined whether delayed versus early post-opera-

tive mobilization was associated with all-cause readmission or death, functional status, and

quality-of-life after discharge in an older emergency abdominal surgery population.

Methods

Population and setting

We included patients who were prospectively enrolled during the pre-implementation phase

of the Elder-Friendly Approaches to the Surgical Environment (EASE) study (clinicaltrials.gov

identifier: NCT02233153) [14], a controlled before-and-after quality improvement study.

Patients aged 65 years or older who underwent emergency abdominal surgery were recruited

between January 2014 to September 2015 from general surgery services at two tertiary-care

teaching hospitals in Alberta, Canada (University of Alberta Hospital and Foothills Medical

Centre). Patients were excluded if they had baseline functional dependency (i.e., required help

with�3 basic activities of daily living pre-operatively, with more likely inability to respond to

the greater EASE intervention), underwent surgery that was for elective (i.e. surgery scheduled

in advance as it does not involved a medical emergency, trauma or palliative reasons, or were

transferred from another province, hospital or inpatient service. The University of Alberta

Research Ethics Board (Pro00047180) and the University of Calgary Research Ethics Board

(REB140729) approved study procedures.

Mobilization following surgery

Information on time of mobilization following surgery was retrieved from detailed nursing

care records. Mobilization was broadly defined as the first recorded instance out of bed after
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the initial surgery, which has been considered a minimum target for mobilization [15]. Specifi-

cally, “out of bed” corresponds to a range of ability to transfer from bed, but at the minimum,

we used a definition of transferring from bed to a chair (or greater, such as ambulating in the

hall) independently or with 2-person assistance. In absence of a widely-accepted, evidence-

based threshold for time of post-operative mobilization in older patients, mobilization was a
priori defined as ‘delayed’ if�36 hours or ‘early’ if <36 hours following surgery, correspond-

ing to the upper quartile limit for time of mobilization in this cohort.

Outcomes

Primary outcomes were 30-day and 6-month all-cause readmission or death after discharge

following surgery. Secondary outcomes were: 5-week patient-reported functional performance

and independence (Edmonton Frail Scale [16]); 5-week Timed Up and Go Test (TUGT) [17];

and 5-week and 6-month health-related quality-of-life (EurolQoL health questionnaire [18]

[five dimensions: EQ-5D, visual analogue scale: EQ-VAS]; 12-item Short-form Health Survey

[19] [SF-12: mental and physical component]).

Data collection and measurements

Baseline demographic and clinical characteristics were abstracted by trained research assistants

through chart reviews and patient interviews in-hospital and at clinic follow-up. Covariates

included the Charlson Comorbidity Index (range1−6); pre-admission frailty, assessed accord-

ing to the Clinical Frailty Scale (CFS) [20] (dichotomized score�4, ‘vulnerable-to-moderately-

frail’ and score<4 ‘very-fit-to-managing-well’); the American Society of Anesthesiologists

(ASA) Physical Status Classification (range I-VI); and surgical procedure (laparoscopic chole-

cystectomy or appendectomy, open cholecystectomy or appendectomy, hernia repair, small

intestinal resection or lysis of adhesions, colectomy, and other). Of note, ‘very fit to managing

well’ encompasses patients considered ‘very fit’ (score 1) as in the most active and energetic,

‘well’ (score 2) with occasional activity, and ‘managing well’ (score 3) not physically active

beyond routine walking, while the “vulnerable–moderately frail’ group includes patients con-

sidered ‘vulnerable’ (score 4) with limited activities due to comorbidities but no disability,

‘mildly frail’ (score 5) with dependence in� 1 instrumental activity of daily living (e.g., cook-

ing, housework), and ‘moderately frail’ (score 6) with dependence in 1 or 2 basic activities of

daily living (e.g. bathing, dressing).

Outcomes for readmission and mortality were collected from a province-wide electronic

medical records database. Secondary outcomes were ascertained through in-person or tele-

phone follow-up at 5 weeks after discharge and by telephone at 6 months. The TUGT mobility

assessment was considered as time to rise from a chair, walk 10ft, and return to sitting; we con-

sidered�14secs, the upper quartile limit, as abnormal (also defines fall risk [21]). Functional

performance was considered reduced if patients reported that they were unable to walk 1km

without help and unable to walk up one flight of stairs without help [16]; functional indepen-

dence was considered reduced if patients reported dependence in >1 instrumental activity of

daily living [IADLs] [16]. The EQ-5D assessed domains of perceived mobility, self-care, usual

activities, pain/discomfort, and anxiety/depression, where lower scores indicate worse health-

related quality-of-life and a minimal clinically important difference (MCID) was 0.03-points

[22]. The EQ-VAS assessed self-rated health state (0 ‘worst’ to 100 ‘best’; MCID = 10.0 [22]).

The SF-12 assessed physical and mental components of health-related quality-of-life, with

lower scores indicating worse health status (MCID = 5.0 [23]). Health-related quality-of-life

scores for both groups of delayed and early mobilization were compared against age-specific
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norms, specifically Alberta population normative data for the EQ-5D and Canadian popula-

tion normative data for the SF-36 [24, 25].

Statistical analysis

Descriptive statistics were calculated, including means, medians and proportions. First, we

identified potentially confounding variables by literature review and bivariate analyses, com-

paring baseline characteristics, including a wide range of patient and perioperative factors, by

outcomes and delayed versus early mobilization with a predefined cut-off of p-value <0.2 (sta-

tistical tests indicated in tables). Second, multivariable logistic regression models were fit to

calculate the adjusted odds of 30-day and 6-month readmission or death for patients with

delayed versus early mobilization. Potential confounders that were assessed in the model are

listed in tables. Age and sex were retained in all models. Other covariates were retained in the

model if they met statistical criteria (bivariate p-value <0.1 or>10% change in beta-coefficient

for mobilization on inclusion). The most parsimonious models were selected. All covariates

were assessed for collinearity by calculating Pearson’s correlation coefficient. Third, differ-

ences between patients with delayed versus early mobilization in functional status (defined as

binary variables) were assessed using multivariable logistic regression after adjusting for sex,

frailty, and surgery type. Fourth, t-tests were used to compare health-related quality-of-life

scores between delayed versus early mobilization groups and between both groups versus age-

specific normative population data [24, 25]. Finally, sensitivity analyses were a prior planned

and conducted to examine the relationship between delayed mobilization and frailty (CFS�4)

by (1) stratifying the adjusted-relationship by frailty status and (2) assessing interaction terms

in the main effects models on multiplicative and additive scales. To estimate additive interac-

tion, we calculated the relative excess risk due to interaction (RERIOR) from the adjusted odds

ratios [26]. We assessed model fit by Hosmer-Lemeshow goodness-of-fit tests and accuracy by

the C-statistic with 95% confidence intervals (95%CI). Moreover, we assessed models that

excluded patients requiring open cholecystectomies, open appendectomies, and laparotomies;

a separate analysis also patients requiring 2 or more surgeries. Lastly, time of mobilization was

secondarily categorized by 12 hours to allow sufficient number of patients in each category for

analysis and based on the above cut-off (>48h n = 47, 48-36h n = 27, 35-24h n = 31, 24-12h

n = 102, <12h n = 99). Statistical significance was defined as a two-tailed p-value <0.05. All

analyses were conducted in STATA 13 (StataCorp LP, College Station, TX, USA, 2013).

Results

Altogether, 3506 admissions were screened; major exclusions were age<65 years (70%) and

conservative management (9%) [27]. A total of 322 patients were included; 14 patients died in-

hospital and 2 patients had missing mobilization data, thus excluding 16 patients from primary

analyses (Fig 1). Complete outcome assessment was achieved for 30-day and 6-month read-

mission and mortality. Of enrolled patients able to answer questionnaires (i.e., English speak-

ing), 148 (64%) completed 6-month interviews. Patients with and without completed 6-month

questionnaires were comparable in demographics, medications, Charlson Comorbidity Index,

ASA class, surgery type, length of stay, and time of mobilization, but were slightly less frail and

most were Caucasian (online-only S1 Table).

Overall, 306 patients were included in the final analysis. Mean age was 76 ± 7.7 years (range

65−97), 138 (45%) were women, and 126 (41%) had a frailty status of ‘vulnerable-to-moder-

ately-frail’. No patients were severely frail (>6 CFS), as those patients did not meet study inclu-

sion. The median Charlson Comorbidity Index score was 1 (interquartile range [IQR] 0−2)

and the median ASA Class was 3 (IQR 2−3). A total of 69 (23%) patients were admitted for
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gallstones, 65 (21%) for intestinal obstruction, 52 (17%) for hernia procedures, 36 for appendi-

citis, and 22 for cancer/tumors. Specifically, 15 (5%) patients underwent ventral hernia repair,

23 (8%) patients underwent inguinal hernia repair, and 6 (2%) patients underwent both ven-

tral and inguinal hernia repair of a total 306 surgeries (Table 1). Fourteen patients required 2

surgeries and 2 patients required>2 (Table 1). Eleven (4%) patients received geriatric medi-

cine consultation and 23 were referred for acute pain care.

Delayed mobilization

The median time of mobilization following surgery was 19h (IQR 9−35). Delayed mobilization

was present in 74 (24%) patients. Patients were similar in age and the number with prior hos-

pitalization, but those with delayed mobilization were slightly more frail, had higher total med-

ications, and more required assistance at home (Table 1). Patients with delayed mobilization

had somewhat higher ASA class scores and were more likely to receive specialized geriatric

medicine or pain care (Table 1).

Readmission or death

Overall, 41 of 306 patients were readmitted or died within 30 days after discharge, increasing

to 102 patients by 6 months. Patients with delayed mobilization had higher incidence of

Fig 1. Flow diagram of cohort.

https://doi.org/10.1371/journal.pone.0241554.g001
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Table 1. Characteristics of older emergency abdominal surgery patients, by time of mobilization.

Characteristic Delayed Mobilization (�36 h) Early Mobilization (<36 h) P valuea

N = 74 (%) N = 232 (%)

Age, yearsc,d 0.7

65–75 34 (46) 119 (51)

75–85 29 (39) 78 (34)

>85 11 (15) 35 (15)

Sex, femalec,d 41 (55) 97 (42) 0.04

Marriedc 42 (57) 168 (72) 0.01

Prior living situationc <0.001

Home without assistance 41 (55) 186 (80)

Home with assistance 22 (30) 42 (18)

Supportive facility 9 (12) 4 (2)

Patients with at least one prior hospitalizationc 19 (26) 53 (23) 0.6

Charlson Comorbidity Index, median (IQR)c,d 1 (1–2) 1 (0–1) <0.001b

Patients in abnormal range at admission

Hemoglobin, men (<140g/L or >185g/L)c,d 21 (28) 52 (22) 0.009

Hemoglobin, women (<123g/L or >165g/L)c,d 12 (16) 34 (15) 0.5

Sodium (<135mmol/L or >150mmol/L)c 20 (27) 49 (21) 0.3

Total admission medications, median (IQR)c,d 6 (4−8) 3 (2−6) <0.001b

Clinical Frailty Scale, mean ± SDc,d 4.4 ± 1.4 3.2 ± 1.2 <0.001

ASA Physical Status Class, mean ± SDc 3.3 ± 0.8 2.5 ± 0.7 <0.001

Post-operative disposition <0.001

Ward 42 (57) 226 (98)

Close observation 2 (3) 3 (1)

ICU 30 (40) 3 (1)

Surgery Typec <0.001

Closed appendectomy or cholecystectomy 1 (1) 85 (37)

Open appendectomy or cholecystectomy 6 (8) 17 (7)

Hernia 6 (8) 36 (16)

Small intestine 31 (42) 55 (24)

Colon 20 (27) 23 (10)

Other 10 (14) 16 (7)

Colostomy or ileostomy creation procedure 17 (23) 11 (5) <0.001

Patients requiring > 2 procedures 10 (14) 6 (3) <0.001

Time under anesthesia (hours)d 2.3 1.7 <0.001

Consults

Geriatrics 9 (12) 2 (0.9) <0.001

Acute Pain Service 10 (14) 12 (5) 0.02

Length of stay to discharge, median (IQR)c 14 (10−28) 7 (5−11) <0.001b

Note. ASA = American Society of Anesthesiologists; SD = standard deviation, IQR = interquartile range.
aX2 or Fischer’s exact tests for categorical and t-test for continuous variables unless otherwise specified.
bMann-Whitney test.
cPotential confounders in bivariate analysis that were assessed in models. Additional variables potential confounders that were assessed in models not included above:

admission source (such as ED, transfer, ICU), creatinine on admission, post-operative disposition (ward, PACU, ICU), major and minor post-operative complications,

use of TPN after surgery, discharge status, and most responsible diagnosis)
dVariables included as covariates in models.

https://doi.org/10.1371/journal.pone.0241554.t001
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30-day readmission or death (19/74 [26%] vs. 22/232 [10%] P<0.001) and 6-month readmis-

sion or death (38/74 [51%] vs. 64/232 [28%] P<0.001; Fig 2 and Table 2), compared to early

mobilization. After adjusting for age, sex, Charlson Comorbidity Index, time under anesthesia,

number of medications, hemoglobin, and frailty, delayed mobilization was associated with

2.2-times greater risk of 30-day readmission or death (adjusted odds ratio [aOR] 2.24, 95%CI

0.99−5.06, P = 0.05; C-statistic = 0.75, 95%CI 0.66−0.84; Table 2). There was no statistically sig-

nificant increase in 6-month risk (aOR 1.72, 95%CI 0.91−3.25, P = 0.1; C-statistic = 0.73, 95%

CI 0.67−0.79; Table 2). Readmissions accounted for most events (Table 2). Twelve patients

died within 6 months of discharge; patients with delayed rather than early mobilization more

frequently died after 30-days (3/74 [4%] vs. 1/232 [0.4%], P = 0.04), but not 6-months (6/74

[7%] vs. 6/232 [3%], P = 0.09) (Table 2).

Functional status

At 5-weeks, over one-quarter of patients reported reduced functional performance (60 [38%]

patients unable to walk 1km; 37 [24%] unable to walk stairs) and diminished independence

Fig 2. Readmission or death after surgical discharge, according to time of mobilization.

https://doi.org/10.1371/journal.pone.0241554.g002
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(48 [31%] dependent in >1 IADLs) and 26 (27%) patients had abnormal TUGT (median 11s,

IQR 9−14). Patients with delayed rather than early mobilization had reduced functional per-

formance and independence, but did not have abnormal TUGT after adjusting for sex, frailty,

and surgery type (Table 2).

Health-related quality-of-life

Patients with delayed mobilization reported lower 5-week overall health-related quality-of-life,

compared to patients with early mobilization, which was clinically important according to the

EQ-5D and EQ-VAS MCIDs (Table 3). Moreover, the delayed mobilization group had lower

5-week EQ-5D and EQ-VAS scores than the general population while the early group did not

(Table 3). Patients with delayed mobilization also reported lower 5-week physical, but not

mental, health-related quality-of-life according to the SF-12. Five-week differences in the SF-

12 were generally not considered clinically important and both groups had lower SF-12 scores

than the general population (Table 3). Overall, health-related quality-of-life improved from 5

weeks to 6 months after discharge in patients with delayed mobilization, but were relatively

consistent and unchanged in the early group (online-only S2 Table).

Sensitivity analysis

In stratified analyses by frailty status, delayed mobilization independently predicted 30-day

readmission or death (aOR 3.39, 95%CI 1.22−9.38, P = 0.02) and 6-month readmission or

death (aOR 2.74, 95%CI 1.08−6.93, P = 0.03) among ‘vulnerable-to-moderately-frail’ patients

Table 2. Outcomes after surgical discharge, according to time of mobilization.

No. of patients in mobilization group (%) Relationship of delayed mobilization and outcome

Outcome Delayed (�36 h) Early (<36 h) P value† Crude OR (95%CI) P value aOR (95%CI) P value

Clinical status

30 days N = 74 N = 232
Readmission/death 19 (26) 22 (10) <0.001 3.30 (1.67−6.52) 0.001 2.24 (0.99−5.06) 0.05

Readmission alone 18 (24) 22 (10) 0.001 3.07 (1.54−6.11) 0.001 2.11 (0.93−4.81) 0.08

6 months N = 74 N = 232
Readmission/death 38 (51) 64 (28) <0.001 2.77 (1.62−4.75) < 0.001 1.71 (0.91−3.25) 0.1

Readmission alone 35 (47) 63 (27) 0.001 2.41 (1.40−4.13) 0.001 1.57 (0.84−2.96) 0.2

Functional status

5 weeks N = 37 N = 120
Unable to walk 1km without helpa 25 (68) 35 (29) <0.001 5.06 (2.29−11.18) < 0.001 3.23 (1.35−7.75) 0.009

Unable to walk flight of stairs without help a 17 (46) 20 (17) <0.001 4.25 (1.90−9.51) < 0.001 2.54 (1.04−6.23) 0.04

Dependent in >1 IADLb, c 23 (62) 25 (21) <0.001 6.18 (2.78−13.71) <0.001 3.83 (1.57−9.35) 0.003

Abnormal gaitd 9 (41) 17 (23) 0.1 2.31 (0.85−6.34) 0.1 1.63 (0.47−5.65) 0.4

Note. IADLs = instrumental activities of daily living; TUGT = timed up and go test; aOR = adjusted odds ratio; CI = confidence interval; IQR = interquartile range.

Multivariable logistic regression models for clinical outcomes adjusted for age, sex, comorbidities, time under anesthesia, total medications, abnormal hemoglobin, and

frailty. The 6-month model was additionally adjusted for ostomy creation procedure.

Multivariable logistic regression models for functional outcomes adjusted for frailty, sex, and type of surgery.

All models had a Hosmer-Lemeshow goodness-of-fit with P>0.1 and c-statistic>0.7.
aPatient-reported dependence to complete activities as assessed by the Edmonton Frail Scale [16].
bX2 tests for categorical and Mann-Whitney test for continuous variables.
cIn early mobilization group, 119 completed follow-up questionnaires.
d In 22 delayed and 74 early to mobilize who attended surgery follow-up appointment.

https://doi.org/10.1371/journal.pone.0241554.t002
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(CFS�4, n = 126), but not ‘very-fit-to-managing-well’ patients (CFS<4, n = 180, 30-day: aOR

2.50, 95%CI 0.68−9.14, P = 0.2 and 6-month: aOR 1.45, 95%CI 0.53−3.95, P = 0.5; online-only

S3 Table). We did not observe statistically significant interaction between delayed mobilization

and frailty for readmission or death on the multiplicative scale (30-day: aOR 0.99, 95%CI

0.20–4.94, P�0.99 and 6-month: aOR 1.45, 95%CI 0.40−5.20, P = 0.6) or additive scale

[30-day: RERIOR 1.68, 95%CI -3.29−6.65, P = 0.5 and 6-month: RERIOR 1.58 95%CI -1.40

−4.55, P = 0.3, online-only S3 Table]. The adjusted relationship between the time of mobiliza-

tion (based on every 12 hrs) and readmission or death did not appear to follow a dose response

(data available on request). Restricting the 30-day model to patients with only 1 surgery, there

was no significant change: aOR 2.38, 95%CI 0.99–5.73, p = 0.05 and 6-month: aOR 1.58, 95%

CI 0.79–3.16, p = 0.2. Frequency of events based on time of mobilization are included online

(online-only S4 Table).

Discussion

Main findings

One-quarter of older abdominal surgery patients were immobile for at least 1.5 days following

surgery. Patients with delayed mobilization had over 2-times greater adjusted risk of 30-day

readmission or death after discharge, compared to early mobilization; this increased risk was

not statistically significant at 6 months. The observed association was stronger in frail patients,

with up to 3-fold increased risk of readmission or death for patients with delayed mobilization

in this vulnerable subgroup. Five-weeks post-discharge, delayed mobilization was associated

with lower patient-reported functional performance and independence, irrespective of sex,

frailty, and surgery type, and lower patient-reported overall health status, as well as physical

health-related quality-of-life.

We found that delayed mobilization in older abdominal surgery patients was associated with

poor short-term outcomes. Prior evidence on the impact of mobilization has been lacking, owing

to scarce data on older people and outcomes after hospital discharge [3, 6]. Moreover, most com-

parable studies have been conducted in orthopedic populations for which surgery directly affects

mobility [3, 5, 28]. Our findings differ from a prior feasibility study in 116 adults undergoing

Table 3. Health-related quality-of-life at 5-weeks and 6-months.

Time of mobilization, mean ± SD Difference between groups, mean (p-value)

Measure Delayed (>35 h) Early (�35 h) Delayed vs. early Delayed vs. population† Early vs. population†

5 weeks N = 35 N = 118
EQ-5D 0.73 ± 0.2, n = 36 0.86 ± 0.16 -0.13� (< 0.001) -0.11� (< 0.001) 0.02 (0.2)

EQ-VAS 68.0 ± 18.9 78.5 ± 14.7, n = 119 -10.5� (< 0.001) -9.8 (0.001) 0.7 (0.7)

SF-12, physical 36.7 ± 6.3 40.2 ± 5.9 -3.5 (0.003) -8.7� (< 0.001) -5.1� (< 0.001)

SF-12, mental 51.6 ± 8.3 52.1 ± 6.7 -0.5 (0.7) -2.4 (0.09) -1.9 (0.02)

6 months N = 39 N = 109
EQ-5D 0.79 ± 0.23 0.88 ± 0.16, n = 107 -0.09� (0.01) -0.05� (0.06) 0.04� (0.02)

EQ-VAS 70.5 ± 18.5 76.7 ± 18.1 -6.2 (0.07) -7.3 (0.009) -1.1 (0.6)

SF-12, physical 39.4 ± 6.6 41.0 ± 5.5 -1.6 (0.1) -6.0� (< 0.001) -4.4 (< 0.001)

SF-12, mental 52.9 ± 6.1 52.9 ± 5.6 0.0 (>0.99) -1.1 (0.4) -1.1(0.2)

Notes: EQ-5D = EurolQol five dimension index score; EQ-VAS = visual analogue scale; SF-12 = 12-item Short-form Health Survey

�Minimal clinically important difference (EQ-5D = 0.03; EQ-VAS = 10.0; SF-12 = 5.0)

†Normative EQ data for 251 individuals in Alberta [24] and normative SF-12 data for 4513 individuals in Canada [25] aged�65 years randomly sampled from the

general population.

https://doi.org/10.1371/journal.pone.0241554.t003
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elective gastrointestinal surgery that found no difference in 30-day readmission rates, comparing

early post-operative mobilization to usual care (<24 h) [29]. Similarly, results from a randomized

control trial of 200 adult surgical ICU patients mechanically ventilated for less than 48 hours

found no difference in 3-month post-discharge mortality with early goal-directed mobilization

[30]. Yet, in a study of 532 hip fracture patients, patients with baseline frailty similarly had the

highest adjusted risk of 30-day mortality associated with longer immobilization [28].

Multiple mechanisms could explain our observations. First, physiological changes like

reduced muscle mass or strength during periods of immobility [1] could impede recovery of

baseline function or result in hospitalization-associated disability [8] even after resolution of

surgical issues, which could have more profound impacts in adults with frailty. Second, in-hos-

pital immobilization may impair cognition or processes of pain, eating, or inflammation [10],

potentially increasing susceptibility to post-hospital syndrome, a transient condition of depleted

physiological reserve [31]. This might explain higher observed 30-day, and not 6-month, risk of

events, and heighted risk in frail groups. Delayed mobilization could lead to complications, a

common reason for 30-day surgical readmission [11], or comorbid disease exacerbations that

often require hospitalization [11]. Residual confounding could partly explain the association if

patients with delayed mobilization also had more comorbidity, frailty, or complicated surgery

or surgical course prior to mobilization, and these latter factors, not delayed mobilization,

resulted in readmission. However, the observed association remained in our study, as well as

prior studies [3, 5, 6, 28], after adjusting for age, hemoglobin, baseline frailty, comorbidities,

and time under anesthesia. Neither additionally controlling for surgery type nor post-operative

complications appreciably changed results (data available in supplement)

Limitations

There are multiple limitations to this study. First, we did not assess for the quantity of time out

of bed or active mobilization and thus, cannot determine a dose-response relationship between

physical activity and prognosis or assess the impact of different types of mobilization. How-

ever, time to mobilization out of bed is a relevant target used elsewhere [28] that requires rela-

tively few in-hospital resources. Second, the observational nature of this study mandates that

findings be viewed as associative, not causative, in nature. Residual confounding is a limitation

of the prospective observational study design. In particular, the cohort is heterogeneous,

including patients who underwent a variety of surgeries. Thus, our model was adjusted for

time under anesthesia, which may account for differences in type or difficulty of surgery.

Third, as we did not measure function or health-related quality-of-life in patients prior to their

surgery, we could not examine changes from baseline. Fourth, we had limited information on

the supportive measures to optimize older patients prior to surgery, which may have an impor-

tant role on improving surgical outcomes. Finally, we were unable to assess for differences

based on open versus closed procedures.

Additional studies are needed to define mobilization protocols specific to older people,

which might also assess barriers to mobilization (e.g., lack of patient or care-provider confi-

dence regarding safety, the false assumption that bed rest improves healing in older people, or

physical barriers like catheter use). Particularly, randomized controlled trials are required to

examine the short and long-term benefits and risks of mobilizing older patients earlier after

abdominal surgery.

Conclusion

Delayed mobilization in older abdominal surgery patients was common and associated with

increased risk of adverse events and lower patient-reported outcomes shortly after discharge.
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Older patients with longer than expected periods of immobilization are a group to target for

evidence-based interdisciplinary discharge and transition programs, particularly since post-

operative complications often occur shortly after discharge and elderly patients are at high risk

of early readmission. However, since delays in mobilization are also potentially modifiable and

may intersect with other less amendable surgical risk factors like comorbidity or frailty, elder-

specific strategies targeting early mobilization need to be evaluated.
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