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Postoperative constipation is often accompanied by abdominal pain, loss of appetite, nausea and
vomiting, or even adverse cardiovascular and cerebrovascular events. This study aimed to establish
nomogram for predicting the risk of postoperative new-onset constipation in elderly patients with

hip fractures, and validate its performance. Patients who underwent hip surgery in our hospital
between January 2021 and December 2023 were enrolled in this study. Univariate and multivariate
logistic regression analyses were performed to identify significant factors influencing postoperative
constipation. A nomogram was constructed for predicting postoperative new-onset constipation,

and its discriminative, concordance, and clinical utility were examined. A total of 1,092 elderly
patients were enrolled, among whom 955 without preoperative constipation were included for
nomogram establishment. Multivariable logistic regression identified ten factors were associated

with postoperative new-onset constipation, including body mass index, cerebrovascular disease,
cardiovascular disease, gastrointestinal disease, blood loss, renal disease, preoperative lower limb
thrombosis, heart surgery history, patient-controlled analgesia and preoperative pulmonary infection.
A nomogram comprising these factors was constructed, and the area under the receiver operating
characteristic curve for the training set and the test set were 0.730 (0.692-0.768) and 0.712 (0.651~
0.772), respectively. The nomogram developed in this study showed good discriminative ability in
predicting the risk of postoperative new-onset constipation in elderly patients undergoing hip fracture
surgery. The proposed model is expected to facilitate early identification of high-risk patients and
enable timely intervention.
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Abbreviations

ADL Activity of daily living

ALB Albumin

ASA American society of anesthesiologists
AUC Area under the curve

BMI Body mass index

CI Confidential interval

COPD  Chronic obstructive pulmonary disease
Cr Serum creatinine

DM Diabetes mellitus

EF Ejection fraction

HB Hemoglobin
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ICU Intensive care unit

NYHA  New York heart association

PLT Platelet

PCA Patient controlled analgesia

RBC Red blood corpuscle

ROC Receiver operating characteristic curve
TB Total bilirubin

WBC White blood cell

A hip fracture is a fracture occurring between the neck of the femur and the trochanter of the femur. It is a
common and serious health condition affecting the elderly patients, and frequently requires surgical intervention
and postoperative restricted activity'. Notably, the occurrence of postoperative new-onset constipation is often
triggered by changes in traditional defecation habits, comorbid with previous various cardiovascular and
cerebrovascular diseases. Postoperative constipation may lead to multiple complications?, such as abdominal
distension, intestinal obstruction, postoperative infections and pneumonia. Moreover, prolonged stool
retention can lead to fecal impaction, fermentation, and endotoxins, inducing psychological and physiological
dysfunction. The difficulty in defecation may induce various adverse cardiovascular and cerebrovascular events>.
In addition, family caregivers often face emotional stress and financial strain associated with the need for medical
consultations, treatments, and potential lifestyle adjustments. Furthermore, constipation-related medical
interventions together with the decreased individual productivity impose a significant economic burden on the
society. Generally, constipation imposes a significant suffering on individuals, family burden, and financial stress
of the health cost.

Currently, postoperative constipation is primarily treated through consumption of fiber and fluids intake,
participation in more physical activities, and seeking medical interventions to soften stools and facilitate bowel
movements?. Although these interventions can alleviate postoperative constipation, there is no tool that facilitates
the prediction and prevention of postoperative constipation after hip fracture surgery in elder patients. Thus, it
prompt us to further investigate risk factors, develop predictive models, and implement early interventions to
prevent postoperative constipation. Recent research has identified behavioral barriers and the lack of privacy for
defecation in hospital settings as significant risk factors contributing to postoperative constipation following hip
fracture surgery’. Another study has been reported that female, elder age, unemployed, pain intensity, opioid
intake, and previous constipation are associated with a higher risk of constipation in orthopedic patients®.
However, these studies were limited by small sample sizes, comprising only 140 and 150 patients, respectively.
In addition, neither study developed a predictive calculator tool to assess the risk of postoperative constipation,
highlighting a critical gap in the current research landscape. These limitations underscore the need for larger-
scale studies and the development of practical tools to enhance clinical prediction and intervention strategies.
Several nomograms have been constructed, enhancing the prevention of perioperative adverse events’™.
Currently, there are no effective predictive tools for early identification of high-risk patients, which limit early
implementation of medical interventions for postoperative new-onset constipation. To identify risk factors and
develop a predictive tool for postoperative new-onset constipation, we designed our research accordingly.

Methods

This study was conducted following the Declaration of Helsinki and its subsequent revisions, and was
approved by the Ethics Committee at Xiangyang Central Hospital, affiliated with Hubei University of Arts
and Science. This study was conducted in Xiangyang Central Hospital and was registered at www.chictr.org.cn
(ChiCTR2400085204). Given the retrospective nature of the study, the need of informed consent was waived.

The inclusion criteria were: Patients, aged >65 years with low-energy femoral neck or intertrochanteric
fractures, undergoing open or closed reduction and internal fixation, total hip arthroplasty or hemiarthroplasty,
in our hospital from January 2021 to December 2023 were eligible for the study. Exclusion criteria included
patients with pathological fractures and multiple site fractures or injuries.

Patients’ information, including demographic data (age, gender, body mass index (BMI), activity of daily
living (ADL), alcohol consumption, smoking, American Society of Anesthesiologists (ASA) physical status
classification, New York Heart Association (NYHA) functional classification, preoperative waiting time),
previous disease (gastrointestinal disease, cerebrovascular disease, cardiovascular disease, neurosurgery, cardiac
surgery, lung disease, liver disease, kidney disease, diabetes, hypertension, preoperative deep vein thrombosis,
preoperative constipation, preoperative atrial fibrillation, osteoporosis, preoperative pulmonary infection),
surgical information (type of surgery, duration of surgery, intraoperative blood loss, anesthesia method,
preoperative, intraoperative, and postoperative red blood cell transfusion volume, postoperative characteristics
(ICU admission, use of pain pumps, pulmonary infection, urinary tract infection, constipation), and laboratory
results (hemoglobin (HB), White blood cell (WBC), total bilirubin (TB), albumin (ALB), platelet (PLT),
creatinine (Cr), D-dimer, and ejection fraction (EF)) were collected from the electric database.

Constipation was diagnosed based on the Rome IV criteria!’. Mantegazzi introduced three distinct criteria
for diagnosing constipation following orthopedic surgery. The first definition relies on the presence of at
least one of the following symptoms: absence of stool for three days, presence of hard stools, or experiencing
discomfort during bowel movements. The second definition refers to the presence of at least two subjective
indicators, such as decreased stool volume, abdominal discomfort, excessive gas, or diminished appetite. The
third definition is based on the use of an enema. These three criteria were employed in this study'!. Alcohol
consumption was defined as more than 500 ml per week (40% concentration) or 30 g per day. Smoking history
was defined as continuous or cumulative smoking for more than 6 months. Patient-controlled analgesia (PCA)
was administered upon patient’s willingness.
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Statistical analysis

Quantitative data are presented as Normally distributed datasets were presented as mean with standard deviation
(SD), whereas non-normally distributed datasets were expressed as the median with interquartile range (IQR),
and count data were presented as numbers. Statistical analyses were conducted utilizing the t-test or the Mann-
Whitney U test for continuous variables, while the x2 test was applied for categorical data.

Considering the data imbalance between patients with and without postoperative new-onset constipation,
a hybrid sampling technique combining overs- and down-sampling was applied using the ROSE package in
R to generate a balanced dataset with approximately 1:1 ratio'?. This technique helps to mitigate the effect of
data imbalance and reduce the risk of model overfitting. To address missing data, imputation with the mean
was performed, and the entire dataset was randomly divided into training and testing subsets at a ratio of 70—
30%, employing computer-generated random binary numbers “0” and “1”. To identify significant predictors, we
conducted both univariate and multivariate logistic regression analyses. Variables with a p-value less than 0.05
in the univariate analysis were included in the multivariate model. Those maintaining a p-value below 0.05 in the
multivariate analysis were subsequently used to construct a nomogram.

A nomogram was constructed using R software (version 4.2.1, USA) using significant variables. The
performance of the nomogram in differentiating and predicting postoperative constipation was evaluated
using the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. Typically, an
AUC value ranging from 0.6 to 0.75 is considered acceptable, while values between 0.75 and 0.9 indicate good
discrimination. An AUC exceeding 0.9 reflects excellent discriminatory power!?. The alignment between the
predicted probabilities and the actual probabilities was assessed using a calibration plot'>. The range of threshold
probabilities and the net benefit of using the model were explored using decision curve analysis (DCA).

Results

Demographic characteristics of patients

The flow chart of the trial study is presented in Fig. 1. A total of 1,100 patients were screened in the study. Eight
patients were excluded because of missing data for the target variables, and the remaining 1,092 patients were
included in the final analysis. Various characteristics were compared between the constipation (N=460) and
non-constipation (N=632) groups, with results indicating that the constipation group had slightly higher BMI
(P=0.006) and a higher prevalence of hypertension (P=0.039), and a higher incidence of cerebrovascular and
cardiovascular diseases, and preoperative pulmonary infection.

Additionally, the constipation group had a significantly elevated white blood cell count (P=0.001), and
29.8% of these patients reported preoperative constipation (Table 1). We came across the primary data and
the results revealed that 137 patients with preoperative constipation subsequently all showed postoperative
constipation, while patients without preoperative constipation has a incidence of 33% to develop postoperative
new-onset constipation. The results demonstrated a strong association between preoperative and postoperative
constipation. To minimize collinearity and enhance the validity of the predictive model, patients with
preoperative constipation were excluded from subsequent analyses. Among the remaining 955 patients without
preoperative constipation, those who developed postoperative new-onset constipation (N=323) were compared
with those who did not (N=632) in terms of baseline characteristics(Supplementary Table 1).

Screened before surgery (n = 1100)

Missing information (n = 8)

Included for analysis (n = 1092), postoperative
constipation were recorded

[
v v

Randomized to training group (n = 655) Randomized to test group (n = 437)
i A

Predicting model for postoperative constipation

Test

Fig. 1. A flow chart of the trial study.
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No constipation Constipation P
N=632 N=460
Sex (man/women)(%) 233/399 (36.9/63.1) 170/290 (37.0/63.0) 1
Age (median [IQR]) 77.00 [70.00, 84.00] 77.00 [72.00, 84.00] 0.623
Surgery duration (median [IQR]) 1.50 [1.00, 2.00] 1.50 [1.00, 2.00] 0.833
BMI (median [IQR]) 22.00 [20.00, 24.00] 22.41 [20.00, 25.00] 0.006
Hypertension (no/yes) (%) 302/330 (47.8/52.2) 190/270 (41.3/58.7) 0.039
DM (no/yes) (%) 514/118 (81.3/18.7) 363/97 (78.9/21.1) 0.361
Smoker (no/yes) (%) 583/49 (92.2/7.8) 416/44 (90.4/9.6) 0.342
Drinker (no/yes) (%) 591/41 (93.5/6.5) 430/30 (93.5/6.5) 1
Cerebrovascular disease (%) <0.001
No 398 (63.0) 212 (46.1)
Cerebral infarction 223(35.3) 226 (49.1)
Cerebral hemorrhage 11 (1.7) 22 (4.8)
Cardiovascular disease (%) 0.014
No 524 (82.9) 359 (78.0)
Coronary heart disease 98 (15.5) 80(17.4)
Heart valve disease 8(1.3) 13 (2.8)
Both 2(0.3) 8(1.7)
Brain surgery history (no/yes)(%) 619/13 (97.9/2.1) 452/8 (98.3/1.7) 0.877
Heart surgery history (no/yes)(%) 607/25 (96.0/4.0) 427/33 (92.8/7.2) 0.027
Atrial fibrillation (no/yes)(%) 605/27 (95.7/4.3) 441/19 (95.9/4.1) 1
Pulmonary disease (%) 0.27
No 569 (90.0) 394 (85.7)
COPD 45(7.1) 47 (10.2)
Pleural effusion 9(1.4) 10 (2.2)
Bronchiectasis 6(0.9) 5(1.1)
Other pulmonary disease 3(0.5) 4(0.9)
Osteoporosis (no/yes)(%) 608/24 (96.2/3.8) 451/9 (98.0/2.0) 0.115
Preoperative pulmonary infection (no/yes)(%) | 571/61 (90.3/9.7) 372/88 (80.9/19.1) <0.001
EF (median [IQR]) 57.00 [56.00, 59.00] 57.00 [56.00, 58.00] 0.258
Preoperative lower limb thrombosis (%) 0.901
No 460 (72.8) 327 (71.1)
Present 88 (13.9) 71 (15.4)
Arterial plaque formation 83 (13.1) 61 (13.3)
Arterial stenosis 1(0.2) 1(0.2)
Liver disease (no/yes)(%) 597/35 (94.5/5.5) 433/27 (94.1/5.9) 0.919
Renal disease (no/yes)(%) 572/60 (90.5/9.5) 412/48 (89.6/10.4) 0.681
RBC preoperative (median [IQR]) 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.061
ASA (%) 0.24
I 3(0.5) 0(0.0)
it 65 (10.3) 34.(7.4)
111 334 (52.8) 244 (53.0)
v 228 (36.1) 181 (39.3)
v 2(0.3) 1(0.2)
NYHA (%) 0.699
I 143 (22.6) 101 (22.0)
I 353 (55.9) 256 (55.7)
11 133 (21.0) 98 (21.3)
v 3(0.5) 5(1.1)
Constipation history (no/yes)(%) 632/0 (100.0/0.0) 323/137 (70.2/29.8) <0.001
Preoperative waiting time min (median [IQR]) | 6.00 [3.00, 14.00] 5.00 [3.00, 13.00] 0.530
ADL (median [IQR]) 40.00 [35.00, 55.00] 40.00 [35.00, 50.00] 0.320
Gastrointestinal disease (%) 0.026
None 532 (84.2) 401 (87.2)
Gastritis 13 (2.1) 19 (4.1)
Liver or gallbladder or spleen surgery history | 30 (4.7) 13 (2.8)
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No constipation Constipation P
Gastrointestinal surgery history 38 (6.0) 21 (4.6)
Others 19 (3.0) 6(1.3)
WBC (median [IQR]) 7.15 [5.50, 8.75] 7.57 [5.91, 9.67] 0.001
HB (median [IQR]) 114.00 [101.00, 125.00] | 115.00 [102.00, 128.00] | 0.418
PLT (median [IQR]) 180.50 [140.00, 230.00] | 185.00 [147.00, 227.25] | 0.315
TB (median [IQR]) 12.35[8.17, 18.02] 12.35 [6.00, 18.12] 0.169
ALB (median [IQR]) 36.20 [33.60, 38.60] 36.40 [33.50, 39.20] 0.287
Cr (median [IQR]) 66.05 [55.40, 83.20] 66.70 [55.20, 84.48] 0.644
D.dimer (median [IQR]) 2.54 [1.14, 6.25] 2.71[1.10, 7.75] 0.516
Surgery type (%) 0.598
Internal fixation 234 (37.0) 170 (37.0)
Hemihip replacement 128 (20.3) 104 (22.6)
Total hip replacement 270 (42.7) 186 (40.4)
Anesthesia manner (%) 0.186
Intraspinal anesthesia 559 (88.4) 384 (83.5)
General anesthesia 20(3.2) 23 (5.0)
Nerve block anesthesia 3(0.5) 1(0.2)
Intraspinal anesthesia + General anesthesia 1(0.2) 1(0.2)
Intraspinal anesthesia + Nerve block anesthesia | 36 (5.7) 41 (8.9)
General anesthesia + Nerve block anesthesia 13 (2.1) 10 (2.2)
RBC intraoperative (median [IQR]) 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.097
RBC postoperative (median [IQR]) 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.05
Blood loss (median [IQR]) 100.00 [100.00, 200.00] | 100.00 [100.00, 200.00] | 0.277
ICU admission (no/yes)(%) 626/6 (99.1/0.9) 449/11 (97.6/2.4) 0.098
PCA (no/yes)(%) 552/80 (87.3/12.7) 345/115 (75.0/25.0) <0.001

Table 1. Baseline characteristics of all elderly patients undergoing hip fracture surgery. Abbreviations: ADL
Activity of daily living, ALB Albumin, ASA American Society of Anesthesiologists, BMI Body mass index,
COPD Chronic obstructive pulmonary disease, Cr Creatinine, DM Diabetes mellitus, EF Ejection fraction, HB
Hemoglobin, ICU Intensive care unit, NYHA New york heart association, PCA Patient controlled analgesia,
PLT Platelet, RBC Red blood corpuscle, TB Total bilirubin, WBC White blood cell.

Univariate and multivariate logistic regression analyses in the training set

To address this imbalance between the postoperative constipation and non-constipation groups, a combined
over- and down-sampling technique was applied using the ROSE package in R software. This approach produced
a balanced dataset with 462 patients in the constipation group and 493 in the non-constipation group, allowing
for more stable and unbiased model development (Supplementary Table 2).

Univariate logistic regression analysis was performed on the balanced dataset. The results identified that BMI,
cerebrovascular disease, cardiovascular disease, heart surgery history, osteoporosis, preoperative pulmonary
infection, preoperative lower limb thrombosis, renal disease, NYHA, TB, ALB, surgery type, anesthesia manner,
RBC intraoperative, blood loss, PCA, gastrointestinal disease were associated with postoperative new-onset
constipation (P<0.05). These factors were included in the multivariate analysis, and the results demonstrated
that BMI, cerebrovascular disease, cardiovascular disease, gastrointestinal disease, blood loss, renal disease,
preoperative lower limb thrombosis, heart surgery history, PCA and preoperative pulmonary infection were
significantly associated with postoperative constipation (P<0.05, Table 2). In addition, multicollinearity among
the ten variables were analyzed and all the variance inflation factor (VIF) were below 2.0, suggesting absence of
multicollinearity of the ten variables (Table 3).

Development of a nomogram for predicting postoperative constipation

A prediction calculator for postoperative new-onset constipation was developed using the logistic regression
algorithm (Fig. 2). The points range from 0 to 100, used to assign scores to each variable in order to calculate
the total score. Those variables, including BMI, cerebrovascular disease, cardiovascular disease, gastrointestinal
disease, blood loss, renal disease, preoperative lower limb thrombosis, heart surgery history, PCA and
preoperative pulmonary infection were derived from patients’ clinical data. The total point was calculated and
the predicted probability are presented in the last line.

The ROC curve was generated based on the predictive nomogram, and the AUC values were 0.730 (95%
confidence interval (CI) 0.692-0.768, Fig. 3A), and 0.712 (0.651-0.772, Fig. 3B) for the training and test groups,
respectively. The calibration plots for both the training (Fig. 3C) and test (Fig. 3D) groups revealed strong
alignment between the predicted and actual probabilities. Hosmer-Lemeshow test revealed a good concordance
between predictive probability and actual probability both in the training (Chi-square, 10.18, p=0.336) and test
(Chi-square, 14.52, p=0.105) sets. The DCA further showed that the model maintained clinical utility across
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No constipation (N=493)

Constipation (N=462)

OR (univariable)

OR (multivariable)

Sex Man 192 (38.9%) 162 (35.1%)

Women 301 (61.1%) 300 (64.9%) 1.18 (0.91-1.54, p=0.215)

Age(yr) 77.8+7.9 77.0+7.7 0.99 (0.97-1.00, p=0.104)

Surgery duration( h) 1.6+0.7 1.7+0.6 1.10 (0.91-1.34, p=0.330)

BMI(kg/m?) <24 397 (80.5%) 312 (67.5%)

224 96 (19.5%) 150 (32.5%) 1.99 (1.48-2.67, p<0.001) 1.72 (1.24-2.39, p=0.001)
Hypertension No 240 (48.7%) 199 (43.1%)

Yes 253 (51.3%) 263 (56.9%) 1.25 (0.97-1.62, p=0.082)

DM No 400 (81.1%) 369 (79.9%)

Yes 93 (18.9%) 93 (20.1%) 1.08 (0.79-1.49, p=0.622)

Smoker No 451 (91.5%) 419 (90.7%)

Yes 42 (8.5%) 43 (9.3%) 1.10 (0.71-1.72, p=0.669)

Drinker No 450 (91.3%) 435 (94.2%)

Yes 43 (8.7%) 27 (5.8%) 0.65 (0.39-1.07, p=0.090)

Cerebrovascular disease No 303 (61.5%) 231 (50%)

Cerebral infarction 179 (36.3%) 202 (43.7%) 1.48 (1.14-1.93, p=0.004) 1.68 (1.23-2.30, p=0.001)
Cerebral hemorrhage 11 (2.2%) 29 (6.3%) 3.46 (1.69-7.07, p<0.001) 5.19 (2.38-11.33, p<0.001)
Cardiovascular disease No 407 (82.6%) 363 (78.6%)

Coronary heart disease 80 (16.2%) 77 (16.7%) 1.08 (0.77-1.52, p=0.664) 0.82 (0.53-1.28, p=0.389)
Heart valve disease 4(0.8%) 8 (1.7%) 2.24 (0.67-7.51, p=0.190) 2.84 (0.71-11.40, p=0.141)
Both 2 (0.4%) 14 (3%) 7.85 (1.77-34.77, p=0.007) 4.86 (1.02-23.10, p=0.047)
Brain surgery history No 481 (97.6%) 455 (98.5%)

Yes 12 (2.4%) 7 (1.5%) 0.62 (0.24-1.58, p=0.314)

Heart surgery history No 477 (96.8%) 423 (91.6%)

Yes 16 (3.2%) 39 (8.4%) 2.75 (1.51-4.99, p<0.001) 2.24 (1.07-4.66, p=0.032)
Atrial fibrillation No 469 (95.1%) 447 (96.8%)

Yes 24 (4.9%) 15 (3.2%) 0.66 (0.34-1.27, p=0.209)

Pulmonary disease No 446 (90.5%) 408 (88.3%)

COPD 30 (6.1%) 38 (8.2%) 1.38 (0.84-2.28, p=0.200)

Pleural effusion 7 (1.4%) 7 (1.5%) 1.09 (0.38-3.14, p=0.869)

Bronchiectasis 3(0.6%) 5(1.1%) 1.82 (0.43-7.67, p=0.413)

Other pulmonary disease 7 (1.4%) 4(0.9%) 0.62 (0.18-2.15, p=0.455)

Osteoporosis No 477 (96.8%) 457 (98.9%)

Yes 16 (3.2%) 5(1.1%) 0.33 (0.12-0.90, p=0.030) 0.52 (0.18-1.52, p=0.229)
Preoperative pulmonary infection No 447 (90.7%) 382 (82.7%)

Yes 46 (9.3%) 80 (17.3%) 2.04 (1.38-3.00, p<0.001) 2.24 (1.42-3.52, p<0.001)
EF(%) 57.1+3.5 57.0+3.4 0.99 (0.95-1.03, p=0.602)

Preoperative lower limb thrombosis No 334 (67.7%) 344 (74.5%)

Present 76 (15.4%) 74 (16%) 0.95 (0.66-1.35, p=0.756) 1.13 (0.76-1.68, p=0.548)
Arterial plaque formation or arterial stenosis 83 (16.8%) 44 (9.5%) 0.51 (0.35-0.76, p=0.001) 0.56 (0.35-0.88, p=0.012)
Liver disease No 465 (94.3%) 447 (96.8%)

Yes 28 (5.7%) 15 (3.2%) 0.56 (0.29-1.06, p=0.074)

Renal disease No 442 (89.7%) 432 (93.5%)

Yes 51 (10.3%) 30 (6.5%) 0.60 (0.38-0.96, p=0.034) 0.45 (0.26-0.78, p=0.004)
RBC preoperative(U) 0.1+£0.7 0.1£0.7 0.96 (0.81-1.14, p=0.660)

ASA1 3 (0.6%) 0(0%)

II 42 (8.5%) 43 (9.3%) 2168612.77 (0.00-Inf, p=0.977)

Jiis 270 (54.8%) 247 (53.5%) 1937742.37 (0.00-Inf, p=0.977)

v 177 (35.9%) 170 (36.8%) 2034410.09 (0.00-Inf, p=0.977)

\Y% 1(0.2%) 2 (0.4%) 4236359.84 (0.00-Inf, p=0.976)

NYHA I 104 (21.1%) 107 (23.2%)

II 254 (51.5%) 264 (57.1%) 1.01 (0.73-1.39, p=0.950) 1.02 (0.70-1.49, p=0.925)
III 131 (26.6%) 83 (18%) 0.62 (0.42-0.91, p=0.014) 0.81 (0.50-1.33, p=0.411)
v 4(0.8%) 8 (1.7%) 1.94 (0.57-6.65, p=0.290) 229 (0.52-9.96, p=0.271)
WBC (10°/L) <7.5 295 (59.8%) 264 (57.1%)

275 198 (40.2%) 198 (42.9%) 1.12 (0.86-1.45, p=0.398)
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No constipation (N=493) | Constipation (N=462) | OR (univariable) OR (multivariable)
HB (g/L) 114.8£19.1 116.3+19.7 1.00 (1.00-1.01, p=0.231)
PLT (10°/L) 193.4+74.7 195.0+66.9 1.00 (1.00-1.00, p=0.729)
TB (umol/L) 15.0+12.1 13.3£9.1 0.99 (0.97-1.00, p=0.020) 0.99 (0.98-1.00, p=0.137)
ALB (g/L) 36.0+4.8 36.9+5.0 1.04 (1.01-1.06, p=0.009) 1.00 (0.97-1.04, p=0.858)
Cr (umol/L) 82.2+82.0 76.9+61.8 1.00 (1.00-1.00, p=0.273)
D.dimer (mg/L) 45452 48457 1.01 (0.99-1.04, p=0.318)
Surgery type Internal fixation 187 (37.9%) 153 (33.1%)
Hemihip replacement 102 (20.7%) 79 (17.1%) 0.95 (0.66-1.36, p=0.767) 0.84 (0.55-1.27, p=0.410)
Total hip replacement 204 (41.4%) 230 (49.8%) 1.38 (1.04-1.83, p=0.027) 1.21 (0.84-1.74, p=0.300)
oo 5w 91 oo
General anesthesia 19 (3.9%) 17 (3.7%) 1.01 (0.52-1.97, p=0.979) 0.64 (0.30-1.38, p=0.258)
Nerve block anesthesia 6 (1.2%) 4(0.9%) 0.75 (0.21-2.68, p=0.660) 0.36 (0.09-1.48, p=0.157)
Intraspinal anesthesia + General anesthesia 2 (0.4%) 3(0.6%) 1.69 (0.28-10.18, p=0.566) 1.99 (0.31-12.79, p=0.468)
Intraspinal anesthesia + Nerve block anesthesia | 18 (3.7%) 30 (6.5%) 1.88 (1.03-3.43, p=0.039) 0.92 (0.47-1.81, p=0.809)
General anesthesia + Nerve block anesthesia 7 (1.4%) 17 (3.7%) 2.74 (1.12-6.67, p=0.027) 1.68 (0.58-4.81, p=0.337)
RBC intraoperative(U) 0.7+1.4 0.5+1.2 0.84 (0.76-0.94, p=0.001) 0.94 (0.82-1.07, p=0.360)
RBC postoperative(U) 02+1.0 03+1.2 1.07 (0.95-1.21, p=0.243)
Blood loss (ml) 167.2+130.7 146.8+93.3 1.00 (1.00-1.00, p =0.006) 1.00 (1.00-1.00, p=0.015)
ICU admission No 491 (99.6%) 458 (99.1%)
Yes 2 (0.4%) 4(0.9%) 2.14 (0.39-11.75, p=0.380)
PCA No 434 (88%) 327 (70.8%)
Yes 59 (12%) 135 (29.2%) 3.04 (2.17-4.26, p<0.001) 3.06 (2.08-4.52, p<0.001)
Preoperative waiting time min 11.4+£10.4 11.7£11.2 1.00 (0.99-1.01, p=0.666)
ADL score 47.8+21.8 49.6+22.5 1.00 (1.00-1.01, p=0.199)
Gastrointestinal disease None 412 (83.6%) 401 (86.8%)
Gastritis 15 (3%) 20 (4.3%) 1.37 (0.69-2.71, p=0.367) 2.79 (1.26-6.18, p=0.011)
Liver or gallbladder or spleen surgery history | 22 (4.5%) 10 (2.2%) 0.47 (0.22-1.00, p=0.050) 0.61 (0.26-1.42, p=0.250)
Gastrointestinal surgery history 32 (6.5%) 27 (5.8%) 0.87 (0.51-1.47, p=0.598) 0.80 (0.43-1.50, p=0.492)
Others 12 (2.4%) 4(0.9%) 0.34 (0.11-1.07, p=0.065) 0.41 (0.12-1.38, p=0.150)

Table 2. Univariate and multivariate logistic regression analysis of risk factors associated with postoperative
new-onset constipation in elderly patients undergoing hip fracture surgery. Abbreviations: ADL Activity

of daily living, ALB Albumin, ASA American Society of Anesthesiologists, BMI Body mass index, COPD
Chronic obstructive pulmonary disease, Cr Creatinine, DM Diabetes mellitus, EF Ejection fraction, HB
Hemoglobin, ICU Intensive care unit, NYHA New york heart association, PCA Patient controlled analgesia,

PLT Platelet, RBC Red blood corpuscle, TB Total bilirubin, WBC White blood cell.

threshold probabilities ranging from 0.2 to 0.9 in the training group (Fig. 3E) and from 0.25 to 0.8 in the test
group (Fig. 3F).

Discussion

This study found that the incidence of postoperative new-onset constipation is significantly high incidence,
occurring in nearly 42% of elderly patients undergoing hip surgery. Logistic regression analysis identified ten
significant factors influencing postoperative new-onset constipation in these patients were identified. They
were BMI, cerebrovascular disease, cardiovascular disease, gastrointestinal disease, blood loss, renal disease,
preoperative lower limb thrombosis, heart surgery history, PCA and preoperative pulmonary infection.
Subsequently, a nomogram was developed for predicting postoperative constipation. The nomogram showed
a good discriminative ability and is expected to guide orthopedic surgeons in making clinical decisions and
implement early preventive interventions for postoperative constipation following hip fracture surgery in elderly
patients.

In this study, cerebrovascular diseases, heart surgery history and cardiovascular disease were identified as
independent risk factors for postoperative new-onset constipation. Patients with cerebrovascular diseases often
present with central nervous system injury or impaired autonomic regulation, which may lead to dysfunction
of the enteric nervous system and reduced gastrointestinal motility'®. Previous studies have reported that the
incidence of constipation after stroke can reach 40-60%, and is closely related to the degree of neurological
impairment'®. Reduced body mobility after surgery may further impair bowel function, compounding the risk
of postoperative constipation. In addition, cardiovascular disease also affect intestinal peristalsis by modulating
blood circulation and autonomic nervous system function. For patients who have had heart surgery or
cardiovascular disease, they often take anticoagulants, antihypertensive drugs, and lipid-lowering drugs. For
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VIF
BMI 1.061
Cerebrovascular disease
Cerebral infarction 1.116
Cerebral hemorrhage 1.049
Cardiovascular disease
Coronary heart disease 1.265
Heart valve disease 1.055
Both 1.017
Heart surgery history 1.208
Preoperative pulmonary infection 1.105
Preoperative lower limb thrombosis
Present 1.061
Arterial plaque formation or arterial stenosis | 1.074
Renal disease 1.091
Blood loss 1.052
PCA 1.077
Gastrointestinal disease
Gastritis 1.086
Liver or gallbladder or spleen surgery history | 1.054
Gastrointestinal surgery history 1.050
Others 1.018

Table 3. Variance inflation factor (VIF) analysis of predictors included in the nomogram for postoperative
new-onset constipation. Abbreviations: BMI Body mass index, PCA Patient controlled analgesia,

Nomogram for predicting postoperative new-onset constipation
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Fig. 2. Nomogram for predicting the constipation following hip surgery.
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Fig. 3. The AUC of the curve was 0.730 (0.692-0.768) and 0.712 (0.651-0.772) for the (A) training and (B)
test groups, respectively. Calibration plot demonstrating good concordance between the predicted probability
and actual probability in the (C) training and (D) test sets. DCA results illustrating that the model was
clinically useful under the threshold probabilities of 0.2-0.9 and 0.25-0.8 in the training (E) and test (F) group,

respectively.
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example, calcium channel blockers are frequently used to block the flow of calcium ions across membranes via
voltage-gated L-type channels'”. These channels are predominantly located in vascular smooth muscle, as well
as in gastrointestinal smooth muscle. Calcium ions blockers may cause motility disorders in the rectosigmoid
region, resulting in significant constipation'®. This calls for investigation into alternative medications post-hip
surgery to mitigate the risk of constipation.

In addition, we identify that BMI is a risk factor for postoperative new-onset constipation. Patients with high
BMI may exhibit high intra-abdominal pressure as a result of excessive fat accumulation, which can potentially
cause defecating difficulties. Obesity may indirectly induce constipation by altering intestinal hormone secretion,
impairing bowel movement, and inflammatory responses'®. Moreover, PCA is frequently used after hip fracture
surgery in our study and the major drug is opioids. To date, the incidence of opioid-related constipation is
estimated at 41%, and it is dependent on the dosage and duration of drug use?. This is because opioid analgesics
can inhibit the central nervous system and induce constipation via activating intestinal p-opioid receptors?!.
Opioid decrease the sensitivity of the central nervous system to the defecation reflex, inhibit intestinal motility,
and enhance the risk of constipation®?. For patients undergoing hip surgery, opioids should be minimized, and
replaced by intravenous esketamin?*%%, alpha7 n acetycholine receptor agonist?>, or 5SHT3 receptor antagonist*®
to reduce the need for postoperative opioid self-administration.

In our study, gastritis was significantly associated with postoperative new-onset constipation, suggesting
its potential role in impaired postoperative gastrointestinal recovery. Gastritis may lead to disrupted gastric
acid secretion and imbalanced gastrointestinal hormone levels, resulting in delayed gastric emptying and
reduced motility. These pathophysiological changes decrease the patient’s tolerance to perioperative stress and
medications—such as analgesics and anesthetics—thereby substantially increasing the risk of postoperative
new-onset constipation. Surprisingly, blood loss was associated with a reduced risk of postoperative new-onset
constipation; however, the reason is unknown.

Furthermore, our study found that patients with preoperative lower limb venous thrombosis, pulmonary
infection, and renal disease had a significantly increased risk of developing postoperative new-onset
constipation. Lower limb thrombosis often leads to limited postoperative mobility, and the use of analgesics
and anticoagulants may further suppress intestinal motility. Patients with pulmonary infections prior to surgery
tend to have compromised lung function, prolonged bed rest, and are frequently treated with antibiotics,
which can disrupt the intestinal flora and impair gastrointestinal function. For those with renal disease, factors
such as electrolyte imbalances, medication effects, autonomic nervous dysfunction, and restricted fluid intake
collectively contribute to a higher risk of constipation. These findings suggest that elderly patients with such
underlying comorbidities require enhanced postoperative bowel management and early preventive strategies.

In this study, we integrated ten factors to develop a prediction nomogram for predicting the incidence of
new-onset constipation following hip surgery. The nomogram developed in this study demonstrated AUC values
0f0.730 and 0.712 in the training and testing cohorts, respectively, indicating a good discriminative performance
for identifying patients at risk of postoperative new-onset constipation. Previous study has reported that
the incidence of postoperative constipation is approximately 77.7% in elderly patients with hip fracture in a
prospective study’. However, our results revealed that postoperative new-onset contipation is about 33% in
elderly patients after hip fracture surgery. Our study has an advantage of large sample size, which included
about one thousand patients. Moreover, the calibration curves for both datasets revealed a strong correlation
between the predicted and observed probabilities, suggesting a good concordance. Further, results of the DCAs
demonstrated that physicians may benefit from wide threshold probabilities between 0.25 and 0.8, highlighting
the model’s strong clinical utility.

In our study, a total of 137 patients with preoperative constipation all had postoperative constipation. This
indicated a strong correlation—and likely a direct causal relationship—between preoperative and postoperative
constipation. Inclusion of this variable could lead to collinearity and overfitting of the model, and impaired
generalizability to broader clinical populations.Therefore, patients with preoperative constipation were excluded
from model establishment. Among the remaining patients, approximately one-third developed postoperative
new-onset constipation, suggesting data imbalance between groups. We used conbined over- and down-
sampling using “ROSE” package to balance class distribution. This process improves the model performance,
while avioding overfitting at the same time.

Postoperative constipation in patients undergoing hip fracture surgery is often managed with with a
combination of pharmacological and non-pharmacological treatment strategies. Pharmacological interventions
may include laxatives, stool softeners, or prokinetic agents, while non-pharmacological strategies comprise
activities, such as early mobilization, adequate hydration, and consumption of a fiber-rich diet. Patient
education about bowel management and the use of probiotics have shown great potential to prevent and alleviate
constipation. To suppress the development of postoperative constipation, the proposed risk assessment model
can improve timely identification of high-risk patients. This model uses ten baseline factors to assess the risk
of postoperative new-onset constipation. By categorizing patients according to their risk levels, healthcare
providers can tailor preventive strategies, enhancing postoperative recovery and minimizing the likelihood of
constipation-related complications.

The study has several limitations that should be discussed. Although the precision of the proposed nomogram
was tested through internal validation, we did not use external validation datasets from different medical
institutions. In addition, some risk factors such as psychological stress, postoperative bed rest time, fluid intake,
and antibiotic use, were not included in the analysis. These factors need to be explored in prospective studies to
comprehensively determine the risk of constipation in orthopedic surgery patients.
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Conclusions

In conclusion, Ten risk factors were identified, which were used to establish a nomogram for predicting
postoperative new-onset constipation following hip fracture surgery. The nomogram showed good discriminative
ability and is expected to facilitate early intervention to prevent postoperative new-onset constipation.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity and are
available from the corresponding author upon reasonable request.
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