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ABSTRACT
Objective: Surgery poses significant challenges for older adults, potentially leading to functional decline. This study 
investigated the incidence and risk factors associated with postoperative functional decline in older adults and 
developed formulas to predict its occurrence.
Materials and Methods: This cohort study analyzed patients aged 60 and over who underwent elective abdominal 
surgery at a tertiary care center in Thailand. The baseline characteristics including Basic Activities of Daily Living 
[BADL] and Instrumental Activities of Daily Living [IADL] scores, preoperative laboratory testing and surgery-
related data were recorded. Functional status was reassessed one month post-surgery.
Results: The study involved 97 participants. One month post-surgery, the incidence of functional decline was 61.9%. 
The mean BADL and IADL scores in the functional decline group decreased from 92.8 ± 11.3 to 83.5 ± 17.8 and 
from 4.3 ± 1.3 to 2.3 ± 1.3, respectively (p<0.001). Multivariable logistic regression analysis identified age ≥ 70 years 
(adjusted OR 3.18, 95% CI 1.11–9.06, p=0.031) and a length of stay > 7 days (adjusted OR 5.03, 95% CI 1.75–14.42, 
p=0.003) as factors most strongly associated with functional decline. Formulas created using five factors related 
to decline from univariable analyses effectively predicted its occurrence, with AUCs ranging from 0.766 to 0.814.
Conclusion: Over 60% of older adults who underwent abdominal surgery experienced functional decline one 
month after surgery. The developed formulas can be used to identify patients at risk and help prevent functional 
decline in this population.

Keywords: Activities of daily living; functional status; geriatrics; risk factors; surgery (Siriraj Med J 2025; 77: 392-402)

INTRODUCTION
	 The aging of the global population has become 
a growing concern in recent years. One of the most 
prevalent issues among older adults is functional decline,1 
which is characterized by a decreased ability to perform 
activities of daily living. This condition poses significant 
challenges, adversely impacting their independence, 
social interactions, overall life satisfaction, and quality 
of life.2

	 In addition, older individuals often battle diverse 
illnesses, including some that may require surgical 
intervention. For those in advanced age, undergoing 
major surgery represents a critical event that can expose 
them to various complications. It can result in both 
short-term and sustained functional decline, which can 
shorten their survival, increase healthcare utilization, or 
even lead to institutionalization after surgery.3-5

	 Several studies have sought to identify risk factors 
associated with postoperative functional decline and poorer 
surgical outcomes in older individuals across various 
circumstances.4–14 Researchers have also attempted to 
predict this decline using predictive indices that encompass 
a range of parameters and screening tools with varying 
degrees of accuracy.15-18 However, for elective abdominal 
surgery, which accounts for approximately 40% of all 
surgical procedures performed on older patients in our 
institution, the frequency and determinants of postoperative 
functional decline remain unclear. Furthermore, a simple 

and effective method to predict and identify at-risk 
individuals has yet to be established.
	 Against this background, our research aims to 
identify the incidence rate and risk factors of functional 
decline following elective abdominal surgery in older 
adults. Additionally, we aim to utilize these factors to 
formulate simple equations that predict its occurrence. 
We believe these findings will offer valuable insights into 
patient care by aiding in the identification of individuals 
at risk, enabling healthcare providers to implement 
appropriate interventions, and potentially improving 
patient outcomes and recovery trajectories.

MATERIALS AND METHODS
Study design 
	 This prospective cohort study was conducted at a 
tertiary care center in Thailand between August 2019 and 
March 2021. Corresponding to the statutory retirement age 
in Thailand, the inclusion criteria comprised individuals 
aged 60 years and older who were undergoing elective 
abdominal surgery. The exclusion criteria included patients 
scheduled solely for gastrostomy or jejunostomy, as well 
as those already in a state of dependence (Barthel Index 
< 10). 

Measurements
	 The ASA Physical status serves as a classification 
system for assessing the preoperative health status of 
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individuals. The scale comprises five classes, ranging 
from ASA 1 to ASA 5. Notably, an ASA status of 3 or 
higher is reported to be related to poorer postoperative 
outcomes.13-15

	 Physical condition was assessed using the Medical 
Research Council sum score and a 30-second chair stand 
test. The sum score comprises the combined scores from 
6 muscle groups in the upper and lower extremities on 
both sides.19 The score ranges from 0 to 60, and is typically 
used to evaluate global peripheral muscle strength. The 
30-second chair stand test involves recording the total 
number of completed chair stands executed in 30 seconds. 
The test assesses lower body strength and endurance in 
older adults.20

	 Functional status was measured by evaluating Basic 
Activities of Daily Living (BADLs) and Instrumental 
Activities of Daily Living (IADLs) using the Barthel Index 
and the Lawton IADL scale, respectively. The Barthel 
Index evaluates a patient’s functionality across 10 BADL 
items (feeding, grooming, transfer, toilet use, mobility, 
dressing, stairs, bathing, and bowel and bladder control) 
with a final score ranging from 0 to 100,while the Lawton 
IADL scale was used to assess 5 IADL items (ability 
to use telephone, shopping, transportation, managing 
medications, and managing finances), with an overall 
score ranging from 0 to 5. 21,22 ,23 For both indices, scores 
are assigned based on the ability to perform each task 
independently, and lower scores indicate a higher level 
of dependency. 
	 Cognitive function was evaluated using the Thai 
Mental State Examination (TMSE). With the maximum 
score of 30, a higher score represents better cognitive 
function. A cutoff score of < 24 is used to signify the 
presence of cognitive impairment.24

	 Nutritional status was evaluated by the Mini 
Nutritional Assessment short-form (MNA-SF), a validated 
tool designed to assess nutritional status in older adults. 
The score can range from 0 to 14, with higher scores 
indicating better nutrition. Patients with a score of 7 or 
lower were considered malnourished.25

	 Depression was evaluated through the Patient 
Health Questionnaire-9 (PHQ-9), which comprises 9 
items assessing the frequency of depressive symptoms 
experienced by patients. Each item is scored on a scale 
from 0 to 3, resulting in an overall score ranging from 
0 to 27. A cutoff score of ≥ 9 is applied to identify the 
presence of depression.26

	 Quality of life was assessed using the EQ-5D-
5L questionnaire, which covers 5 dimensions with 5 
items each. Responses were converted into an index 
value, known as the utility score, utilizing standard 

values specific to Thailand. The maximum utility score 
is 1, with a higher value indicating a better health state. 
Additionally, participants were asked to rate their self-
perceived current health status using the EQ Visual 
Analogue Scale (EQ-VAS), which ranges from 0 (worst) 
to 100 (best health).

Data collection
	 Before surgery, a research assistant, uninvolved in 
any therapeutic procedures, collected data on patient 
demographics, physical condition, functional status, 
cognitive function, depressive symptoms, nutritional 
status, and quality of life. Preoperative laboratory tests 
were conducted to measure hemoglobin, albumin, and 
vitamin D levels. After discharge, another research 
assistant retrospectively reviewed medical records to 
collect perioperative details, including the type of surgery 
(upper abdominal, lower abdominal, or urological), surgical 
technique (open or laparoscopic), surgery duration, 
estimated blood loss (EBL), and length of stay (LOS). 
Postoperative complications, such as infectious, surgical, 
cardiovascular, respiratory, renal, and neurological issues, 
were documented according to established criteria from 
previous studies.13,27 One month after surgery, the initial 
research assistant conducted a telephone follow-up 
to reassess each patient’s functional status, depressive 
symptoms, and quality of life. Of all participants, only 
one remained hospitalized and was reassessed directly 
in the ward. The participants were then divided into 2 
groups (functionally stable and functionally declined) 
based on changes in their functional capacity between 
baseline and follow-up. In line with a preceding study, 
functional decline was defined as a decrease of ≥ 10 points 
in BADLs on the Barthel Index or ≥ 2 points in IADLs 
on the Lawton IADL scale between the 2 assessments.12

Statistical analyses
	 Continuous variables with normal distributions are 
presented as means ± standard deviations, while non-
normally distributed variables are shown as medians 
(IQR). Categorical data are expressed as numbers and 
percentages. As cut-off points for continuous variables, 
such as LOS, EBL, and surgery duration, are typically 
determined based on clinical context or operation category, 
we employed Receiver Operating Characteristic (ROC) 
analyses to define optimal thresholds. These cut-off 
values were selected to achieve the best balance between 
sensitivity and specificity, as determined by the Youden 
index.28 The corresponding area under the ROC curve 
(AUC) values for the selected thresholds are as follows: 
LOS > 7 days (0.725), EBL > 550 ml (0.586), and surgery 
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duration > 165 minutes (0.598). Associations between 
variables and outcomes in the univariable analysis were 
assessed using independent t-tests, chi-square tests, or 
Mann–Whitney U tests, as appropriate. Comparisons of 
BADLs and IADLs within groups were analyzed using 
paired t-tests, while comparisons between groups were 
analyzed using independent t-tests. A p-value of less than 
0.05 was considered significant for all analyses. Factors 
showing statistical significance in the univariable analysis 
were introduced into a multivariable logistic regression 
model to control for potential confounding factors. These 
significant factors were also used to formulate predictive 
equations for postoperative functional decline. Model 
discrimination was assessed by the AUC of each equation. 
All analyses were conducted using PASW Statistics for 
Windows, version 18.0 (SPSS Inc, Chicago, IL, USA).

RESULTS
	 A total of 190 patients scheduled for elective abdominal 
surgery and meeting the inclusion criteria were approached. 
Of these, 100 provided informed consent to participate 
in the study. However, 2 were not operated on due to 
unstable medical conditions, and 1 died after surgery. 
Consequently, these 3 were excluded from the final 
study cohort (Fig 1). The remaining 97 participants had 
a mean age of 70.2 ± 6.6 years, with 64.9% being male. 
37.1% had an ASA classification of 3, while the rest had 
a classification of 2. The mean TMSE score was 25.1 ± 

3.9, while the mean BADL and IADL scores were 92.8 
± 11.1 and 4.1 ± 1.5, respectively. The mean MNA-SF 
score, blood albumin, and vitamin D levels were within 
normal ranges and no statistical significance was observed 
between the groups (Table 1).
	 Regarding the operation, 71.1% were open surgeries, 
while 28.9% were performed laparoscopically. 69.1% 
of the surgical procedures exceeded a duration of 165 
minutes. The median LOS was 7 days (IQR 5–10), with 
44.3% of participants staying more than 7 days (Table 2). 
Nearly one-third of participants (28.9%) had 1 or more 
postoperative complications during admission. The 
most common complications were infectious, surgical, 
cardiovascular, renal, neurological, and respiratory (10.3%, 
7.2%, 6.2%, 6.2%, 5.2%, and 4.1%) respectively. 
	 At the one month follow-up, the incidence of 
functional decline, as defined previously, was 61.9%. 
Within the decline group, 31.7% showed a decrease 
in BADLs only, 46.7% in IADLs only, and 21.7% in 
both BADLs and IADLs. The BADL items significantly 
impacted were mobility, stair climbing, bathing, toilet 
use, and bladder control, while all aspects of IADL except 
telephone usage were affected. No statistically significant 
improvement in EQ-5D-5L utility score was observed 
for both the functionally stable and the functionally 
declining group. However, the stable group reported a 
significantly higher EQ-VAS (self-perceived health) score 
post operation than the declining group (77.6 ± 12.3 vs. 

Fig 1. Flow diagram of the study.
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TABLE 1. Baseline characteristics of patients and preoperative laboratory findings.

Variables	 Total	 Stable	 Functional decline	 p-value
		  n = 97	 n = 37	 n = 60	

Age (years), M (SD)	 70.2 (6.6)	 69.0 (6.6)	 70.9 (6.6)	 0.175

	 60–69, n (%)	 51 (52.6)	 26 (70.3)	 25 (41.7)	 0.006*

	 ≥ 70, n (%) 	 46 (47.4)	 11 (29.7)	 35 (58.3)	

Sex, n (%)

	 Male	 63 (64.9)	 25 (67.6)	 38 (63.3)	 0.671

	 Female	 34 (35.1)	 12 (32.4)	 22 (36.7)	

BMI (kg/m2), M (SD)	 23.7 (3.8)	 24.0 (3.9)	 23.6 (3.8)	 0.601

Education, n (%)

	 ≤ 12 years	 71 (73.2)	 28 (75.7)	 43 (71.7)	 0.665

	 > 12 years	 26 (26.8)	 9 (24.3)	 17 (28.3)	

Comorbidities, n (%)				  

	 Diabetes mellitus	 29 (29.9)	 10 (27.0)	 19 (31.7)	 0.628

	 Hypertension	 64 (66.0)	 21 (56.8)	 43 (71.7)	 0.132

	 Dyslipidemia	 35 (36.1)	 11 (29.7)	 24 (40.0)	 0.306

	 Chronic kidney disease	 3 (3.1)	 0 (0)	 3 (5.0)	 0.285

	 Musculoskeletal problems 	 36 (37.1)	 10 (27.0)	 26 (43.3)	 0.106

ASA physical status, n (%) 

	 ASA 3	 36 (37.1)	 9 (24.3)	 27 (45.0)	 0.041*

	 ASA 2	 61 (62.9)	 28 (75.7)	 33 (55.0)	

Ambulatory status, n (%)

	 Walking	 94 (96.9)	 35 (94.6)	 59 (98.3)	 0.556

	 Chair-bound	 3 (3.1)	 2 (5.4)	 1 (1.7)	

Walking assistance, n (%)

	 With gait aid	 11 (11.3)	 4 (10.8)	 7 (11.7)	 1.00

	 Without gait aid	 86 (88.7)	 33 (89.2)	 53 (88.3)	

BADL score, M (SD)	 92.8 (11.1)	 93.0 (10.8)	 92.8 (11.3)	 0.924

IADL score, M (SD)	 4.1 (1.5)	 3.7 (1.7)	 4.3 (1.3)	 0.084

Hemoglobin (g/dl), M (SD)	 11.9 (2.1)	 12.2 (2.1)	 11.6 (2.0)	 0.167

Albumin (g/dl), M (SD)	 4.0 (0.5)	 3.9 (0.4)	 4.0 (0.6)	 0.812

Vitamin D (ng/ml), M (SD)	 25.4 (9.2)	 25.8 (8.7)	 25.2 (9.6)	 0.727

MRC sum score, M (SD)	 58.4 (3.3)	 58.1 (3.7)	 58.5 (3.1)	 0.538

30 sec chair stand (times), M (SD)	 10.9 (4.1)	 11.2 (4.4)	 10.7 (4.0)	 0.575

MNA-SF score, M (SD)	 11.0 (2.7)	 11.0 (2.5)	 10.9 (2.8)	 0.846

TMSE score, M (SD)	 25.1 (3.9)	 25.1 (4.4)	 25.1 (3.6)	 0.949

Continuous data were analyzed using independent t-tests, and categorical data were analyzed using chi-square tests.
* Significant at p-value < 0.05
Abbreviations: ASA, American Society of Anesthesiologists; BADL, Basic Activities of Daily Living; BMI, Body Mass Index; IADL, 
Instrumental Activities of Daily Living; M, mean; MNA-SF, Mini Nutritional Assessment short-form; MRC, Medical Research Council; 
SD, standard deviation; TMSE, Thai Mental State Examination 
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TABLE 2. Surgery-related variables

Variables 	 Total	 Stable	 Functional decline	 p-value

		  n = 97	 n = 37	 n = 60	

Type of surgery, n (%)

	 Upper abdominal	 33 (34.0)	 16 (43.2)	 17 (28.3)	 0.132

	 Lower abdominal	 29 (29.9)	 12 (32.4)	 17 (28.3)	 0.668

	 Urological procedures	 35 (36.1)	 9 (24.3)	 26 (43.3)	 0.058

Method of surgery, n (%)

	 Open surgery	 69 (71.1)	 21 (56.8)	 48 (80.0)	 0.014*

	 Laparoscopic surgery	 28 (28.9)	 16 (43.2)	 12 (20.0)	

Surgery duration, median (IQR)	 205 (155,285)	 185 (150,260)	 207.5 (170,322.5)	 0.106

	 > 165 minutes, n (%)	 67 (69.1)	 21 (56.8)	 46 (76.7)	 0.039*

EBL, median (IQR)	 150 (400,1100)	 300 (100,700)	 490 (150,1280)	 0.158

	 > 550 ml, n (%)	 37 (38.1)	 10 (27.0)	 27 (45.0)	 0.077

≥ 1 complication, n (%) 	 28 (28.9)	 7 (18.9)	 21 (35.0)	 0.090

LOS (days), median (IQR)	 7 (5,10)	 6 (4,7)	 8 (6,12.5)	 < 0.001*

	 > 7 days, n (%)	 43 (44.3)	 7 (18.9)	 36 (60.0)	 < 0.001*

Categorical data were analyzed using chi-square tests. Non-normally distributed data are presented as median (IQR) and analyzed using 
Mann–Whitney U tests.
* Significant at p-value < 0.05
Abbreviations: IQR, interquartile range; LOS, length of stay; EBL, estimated blood loss; ml, milliliter; M, mean; SD, standard deviation 

72.8 ± 14.9, p=0.023). The stable group also presented 
a lower postoperative PHQ-9 score (fewer depressive 
symptoms) than the declining group (2.8 ± 3.2 vs. 3.9 ± 
3.7, p=0.051; Table 3).
	 Factors found to be associated with functional 
decline from the univariable analysis were age ≥ 70, ASA 
≥ 3, open surgery technique, surgery duration > 165 
minutes, and LOS > 7 days. After a multivariable analysis 
adjusting for other variables in the model, the factors 
significantly associated with postoperative functional 
decline were age ≥ 70 (adjusted odds ratio [OR] 3.18, 
95% confidence interval [CI] 1.11–9.06) and LOS > 7 
days (adjusted OR 5.04, 95% CI 1.75–14.42; Table 4). 
Other variables, including laboratory testing, physical 
condition, and nutritional status, showed no significant 
association with functional changes after surgery.
	 The five factors showing statistical significance from 
the univariable analysis were used to develop four predictive 
equations. These equations incorporated either two, three, 
four, or all five factors in order of their significance. To 
predict the risk of functional decline, each factor present 

in a patient was assigned a value of 1, and its absence a 
value of 0. This value was then multiplied by a coefficient 
derived from the β coefficient of each factor, representing 
its association with decline. If the resulting value from 
each equation met or exceeded the cut-off, it indicated 
a risk of postoperative functional decline. The predictive 
accuracy increased with the number of factors used, 
yielding AUCs of 0.766, 0.788, 0.805, and 0.814 for the 
two-, three-, four-, and five-factor formulas, respectively. 
The five-factor formula showed the best performance, 
with an accuracy of 74.2%, a positive predictive value of 
83.0%, a negative predictive value of 63.6%, a sensitivity 
of 73.3%, and a specificity of 75.7% (p<0.001) (Table 5).

DISCUSSION
	 This study examined the incidence rate and risk 
factors associated with postoperative functional decline 
following elective abdominal surgery in older patients. Our 
findings revealed that nearly two-thirds of the patients 
experienced a decline in function one month after surgery. 
Age ≥ 70 and LOS > 7 days were identified as the factors 
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TABLE 3. Comparison of pre- and postoperative outcome scores.

Variables	                      Stable n = 37			            Functional decline n = 60	

		  Preop	 Postop	 Post–Pre	 Preop	 Postop	 Post–Pre	 p-value

BADL score, M (SD)	 93.0 (10.8)	 94.5 (10.7)	 1.5 (3.5)	 92.8 (11.3)	 83.5 (17.8)	 -9.3 (11.6)	 < 0.001*

Feeding	 10.0 (0)	 10.0 (0)	 0	 9.8 (0.9)	 9.6 (1.7)	 -0.3 (1.7)	 0.260

Transfer	 14.2 (2.8)	 14.3 (2.7)	 0.1 (0.8)	 14.8 (0.9)	 14.6 (1.7)	 -0.3 (1.7)	 0.202

Grooming	 5.0 (0)	 5.0 (0)	 0	 4.9 (0.6)	 4.8 (0.9)	 -0.1 (0.6)	 0.435

Toilet use	 9.9 (0.8)	 9.7 (1.6)	 -0.1 (0.8)	 9.8 (0.9)	 8.9 (2.8)	 -0.9 (2.3)	 0.021*

Bathing	 4.7 (1.1)	 4.7 (1.1)	 0	 4.8 (1.1)	 4.1 (2.0)	 -0.7 (1.9)	 0.010*

Mobility	 14.1 (2.8)	 14.3 (2.7)	 0.3 (1.1)	 14.5 (2.0)	 13.5 (3.9)	 -1.0 (3.0)	 0.004*

Stairs	 9.1 (2.8)	 9.3 (2.4)	 0.3 (1.1)	 9.4 (2.3)	 6.6 (4.7)	 -2.8 (4.6)	 < 0.001*

Dressing 	 9.9 (0.8)	 9.9 (0.8)	 0	 9.8 (1.1)	 9.5 (1.5)	 -0.3 (1.1)	 0.083

Bowels	 8.8 (3.0)	 8.5 (3.3)	 -0.3 (2.0)	 7.5 (4.0)	 7.1 (4.3)	 -0.4 (3.5)	 0.817

Bladder	 7.4 (4.2)	 8.7 (3.0)	 1.2 (3.2)	 7.3 (4.0)	 4.8 (4.9)	 -2.5 (4.5)	 < 0.001*

IADL score, M (SD)	 3.7 (1.7)	 3.6 (1.8)	 -0.1 (0.7)	 4.3 (1.3)	 2.3 (1.3)	 -1.9 (1.3)	 < 0.001*

Telephone	 0.9 (0.3)	 0.9 (0.3)	 0 (0.2)	 1.0 (0.2)	 0.9 (0.3)	 -0.1 (0.3)	 0.266

Shopping	 0.6 (0.5)	 0.6 (0.5)	 0 (0.4)	 0.9 (0.4)	 0.2 (0.4)	 -0.7 (0.5)	 < 0.001*

Transportation	 0.7 (0.5)	 0.6 (0.5)	 -0.1 (0.3)	 0.7 (0.5)	 0.3 (0.5)	 -0.4 (0.5)	 0.001*

Managing medications	 0.8 (0.4)	 0.8 (0.4)	 0 (0.4)	 0.9 (0.3)	 0.8 (0.4)	 -0.2 (0.4)	 0.015*

Managing finances	 0.7 (0.5)	 0.7 (0.5)	 -0.1 (0.4)	 0.8 (0.4)	 0.2 (0.4)	 -0.6 (0.5)	 < 0.001*

EQ-5D-5L, M (SD)	 0.87 (0.17)	 0.93 (0.15)	 0.05 (0.20)	 0.87 (0.14)	 0.87 (0.19)	 0 (0.20)	 0.209

EQ-VAS, M (SD)	 68.5 (16.2)	 77.6 (12.3)	 9.1 (16.1)	 72.5 (16.3)	 72.8 (14.9)	 0.3 (19.2)	 0.023*

PHQ-9, M (SD)	 4.0 (4.2)	 2.8 (3.2)	 -1.2 (3.9)	 3.3 (3.1)	 3.9 (3.7)	 0.6 (4.3)	 0.051

* Significant at p-value < 0.05
Abbreviations: BADL, Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; M, mean; PHQ-9, Patient Health 
Questionnaire-9; SD, standard deviation

most closely associated with the decline, while other 
factors, such as ASA ≥ 3, surgery duration > 165 minutes, 
and the use of open surgery techniques, showed a lower 
level of association. These findings emphasize the need 
for evaluations that address not only surgical risk but also 
strategies to mitigate postoperative functional decline, 
while highlighting the importance of incorporating 
geriatric considerations into surgical care to optimize 

patient-centered outcomes. By combining these factors, 
we developed a predictive model that integrates commonly 
available clinical variables to estimate the likelihood of 
functional decline following surgery. This approach 
underscores the potential for individualized patient 
management and proactive planning, ultimately aiming 
to reduce the burden of postoperative morbidity in older 
populations.
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TABLE 4. Results of multivariable logistic regression analysis to determine predictive factors for postoperative 
functional decline.

Variables	 β coefficients	 Crude odds ratio	 p-value	 Adjusted odds ratio	 p-value

	 	 	 (95% CI)	 	 (95% CI)	

Age ≥ 70 years	 1.155	 3.30 (1.38–7.91)	 0.006	 3.18 (1.11–9.06)	 0.031*

ASA ≥ 3	 0.621	 2.55 (1.03–6.31)	 0.041	 1.86 (0.62–5.59)	 0.268

Open surgery 	 1.088	 3.05 (1.23–7.55)	 0.014	 2.97 (0.98–8.99)	 0.054

Surgery duration > 165 min	 0.982	 2.50 (1.04-6.06)	 0.039	 2.67 (0.93-7.68)	 0.069

LOS > 7 days	 1.614	 6.43 (2.43-16.98)	 < 0.001	 5.03 (1.75–14.42)	 0.003*

* Significant at p-value < 0.05
Abbreviations: ASA, American Society of Anesthesiologists; LOS, length of stay. Each variable was adjusted for other variables included 
in the model. 

TABLE 5. Receiver operating characteristics of the predictive formulas.

	 Formula characteristics	 Two-factor formula	 Three-factor formula	 Four-factor formula	 Five-factor formula

	 AUC	 0.766	 0.788	 0.805	 0.814

	 p-value	 <0.001	 <0.001	 <0.001	 <0.001

	 Accuracy (95%CI)	 74.2% (64.3-82.6)	 75.3% (65.5-83.5)	 73.2% (63.2-81.7)	 74.2% (64.3-82.6)

	 PPV (95%CI)	 76.9% (68.9-83.3)	 82.1% (72.7-88.8)	 85.4% (74.6-92.1)	 83.0% (73.1-89.8)

	 NPV (95%CI)	 68.8% (54.1-80.4)	 65.9% (53.9-76.1)	 61.2% (51.3-70.3)	 63.6% (52.5-73.4)

	 Sensitivity (95%CI)	 83.3% (71.5-91.7)	 76.7% (64.0-86.6)	 68.3% (55.0-79.7)	 73.3% (60.3-83.9)

	 Specificity (95%CI)	 59.5% (42.1-75.2)	 73.0% (55.9-86.2)	 81.1% (64.8-92.0)	 75.7% (58.8-88.2)

Abbreviations: AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value; 
LOS, length of stay
Two-factor formula: LOS (> 7 days) x 18 + Age (≥ 70 years) x 11, cut-off value ≥ 11 
Three-factor formula: LOS (> 7 days) x 16 + Age (≥ 70 years) x 13 + Open surgery x 10, cut-off value ≥ 15
Four-factor formula: LOS (> 7 days) x 16 + Age (≥ 70 years) x 13 + Open surgery x 10 + Surgery duration (> 165 min) x 10, cut-off value 
≥ 28
Five-factor formula: LOS (> 7 days) x 16 + Age (≥ 70 years) x 12 + Open surgery x 10 + Surgery duration (> 165 min) x 10 + ASA (≥3) x 
6, cut-off value ≥ 27
The presence or absence of each factor is assigned a value of 1 or 0, respectively.  
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	 Age has consistently been identified by numerous 
studies as a predictor of worse surgical outcomes,5-7, 13-17 
with some research also reporting a significant association 
between longer LOS and functional decline after surgery.7,15 
Conversely, while higher ASA classification, longer 
operation time, and the distinction between major and 
minor operations have been recognized by certain studies 
as factors linked to functional decline or undesirable 
surgical results,13,14 other studies have found no such 
association.29,30 For instance, a study by Yamaguchi et 
al. on postoperative functional decline identified higher 
ASA score and major surgery as contributing factors but 
found no significant relation between longer operation 
time and this outcome.15 In contrast, a study by Zattoni 
et al. reported no significant association between major 
operations or higher ASA scores and functional decline.17 
	 Nonetheless, a combination of these factors can 
effectively predict functional decline. Patients of advanced 
age, particularly those with multiple comorbidities or 
scheduled for open surgery, should be thoroughly prepared 
for the physiological stress of surgery. Moreover, patients 
undergoing prolonged surgeries or extended hospital 
stays require close monitoring for functional changes 
to ensure timely interventions and mitigate potential 
decline. Employing our developed predictive equations can 
further aid in the early identification of at-risk individuals, 
enabling the implementation of preventive strategies.
	 Examining the specific ADLs affected can provide 
valuable insights for delivering effective strategies to 
prevent such declines. In the decline group, several 
BADLs showed significant deterioration, particularly in 
stair climbing, mobility, bathing, toilet use, and bladder 
control (Table 3). While surgeries involving the urological 
system may impact bladder function, the broader decline 
in other areas indicates challenges related to overall 
physical mobility. Therefore, implementing strategies 
to maintain patients’ physical capabilities, such as early 
mobilization, is crucial. Early mobilization is also a core 
component of the ERAS pathways and has been shown 
to offer numerous postoperative benefits, including 
improved physical function, reduced risk of complications, 
and shorter hospital stays.31-36

	 In terms of IADLs, all aspects except telephone usage 
were negatively impacted. While this too could partly be 
attributed to the aforementioned difficulties in mobility, 
which is reported to be one of the significant predictors of 
IADLs function,37 postoperative delirium (POD) might be 
other aspect to be considered. POD is reported to be one 
of the factors associated with decreased IADL functionality 
after surgery.38-40 However, in our study, through the 

reviews of medical records we identified only 4 cases 
(4.1%) of POD, with no statistically significant differences 
between the functional stable and the decline groups. 
Future studies with larger sample sizes and standardized 
POD identification protocols are needed to clarify the 
relationship between POD and IADL functionality and 
to establish effective preventive strategies.
	 As for predicting postoperative functional decline, 
several strategies have been proposed across different 
surgical scenarios. Yamaguchi et al. used total psoas muscle 
volume measured by CT scans to predict decline following 
emergency abdominal surgery, achieving a good predictive 
value (AUC = 0.802 from ROC analyses).15 Another study 
by Fukuda et al. utilized multiple routine medical data 
to create complex predictive equations for decline after 
hip fracture surgery.16 Two other studies by Zattoni and 
Hoogerduijn employed screening tools—the Flemish 
version of the Triage Risk Screening Tool (fTRST) and 
the Identification of Seniors at Risk-Hospitalized Patients 
(ISAR-HP)—to predict decline in emergency and cardiac 
surgery, with AUCs of 0.72 and 0.73, respectively.17,18 

	 Nevertheless, to the best of our knowledge, no 
published study has specifically addressed the prediction 
of decline following elective abdominal surgery. Based 
on the risk factors for postoperative functional decline 
identified in this population, our predictive equations 
can effectively forecast its occurrence without requiring 
additional investigations or complex calculations. Given 
the limited resources, these formulas are valuable tools 
for healthcare providers. By identifying patients at higher 
risk of postoperative functional decline, clinicians can 
prioritize resources for those who are most likely to 
benefit. This targeted approach could help optimize 
patient outcomes and enhance overall care quality and 
efficiency for patients undergoing elective abdominal 
surgery.
	 However, our study has several limitations. First, 
postoperative complications were identified exclusively 
through medical record reviews, which may limit the 
completeness of the data. Additionally, participants were 
reassessed only one month after surgery. Extending the 
follow-up period could provide valuable insights into 
the long-term trajectory of patients’ functional capacities 
post-surgery. Third, the data for this study were collected 
prior to the full implementation of the ERAS pathway at 
our institution. Future research conducted after its full 
adoption could provide a clearer picture of how these 
strategies impact both the incidence and prognosis of 
functional decline. Lastly, while the developed formulas 
demonstrated good performance within the studied 
sample, further validation is necessary to confirm their 



Volume 77, No.6: 2025 Siriraj Medical Journalhttps://he02.tci-thaijo.org/index.php/sirirajmedj/index 401

Original Article SMJ
broader applicability.

CONCLUSION
 	 More than 60% of Thai older adults undergoing 
elective abdominal surgery are likely to experience 
functional decline one month after the procedure. Age 
≥ 70 and LOS > 7 days were found to be the factors most 
strongly associated with this decline. The predictive 
formulas developed using these factors could be useful 
for early postoperative risk stratification and guiding 
timely interventions. These findings highlight the need 
for proactive measures to mitigate this deterioration 
and emphasize the importance of tailored strategies to 
preserve functionality in this population.
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