Journal of Multidisciplinary Healthcare Dovepress
Taylor & Francis Group

Poor Sleep Quality Associated with Impaired
Postoperative Outcomes and Frailty Incidence in
Elderly Patients After Total Hip Arthroplasty:

A Severity Matched Case-Control Study

Le Zhao'*, Haoran Wu>*, Zhen Wu?, Feng-Ying Li*, Jian-Feng Yan®'

'Department of Orthopedics, Affiliated Changshu Hospital to Nantong University, Changshu No. 2 People’s Hospital, Changshu, Jiangsu, People’s
Republic of China; 2School of Medicine, Tongji University, Shanghai, People’s Republic of China; 3Department of Ear, Nose, and Throat, Affiliated
Changshu Hospital to Nantong University, Changshu No. 2 People’s Hospital, Changshu, Jiangsu, People’s Republic of China; *The First Hospital of
Nanchang, Nanchang, Jiangxi, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Jian-Feng Yan, Email yanjianfengosteo@ |63.com

Objective: This study aimed to assess the effect of preoperative sleep quality on postoperative pain, functional recovery, and
weakness in THA patients and explore its interaction with other health issues.

Methods: This retrospective case-control study included 90 patients (45 with poor sleep PSQI>5 and 45 with good sleep PSQI<S5)
matched by age, sex, and the American Society of Anesthesiologists (ASA) classification. Data on sleep, hip function, pain, anxiety/
depression, and weakness were collected preoperatively and 6 months postoperatively. Multiple logistic regression was used to
analyze the postoperative frailty risk factors, adjusting for age, body mass index (BMI), diabetes, and osteoporosis history, with ORs
and 95% Cls.

Results: Patients with poor preoperative sleep quality demonstrated significantly longer hospital stays (4.79+1.47 vs 3.42+0.89 days,
P<0.001) and higher pain scores at 3 months postoperatively (visual analog scale [VAS] 3.13£1.04 vs 1.87+0.87, P<0.001).
Multivariate analysis identified preoperative poor sleep as an independent predictor of postoperative frailty (OR=2.44, 95% CI
0.97-4.20, P=0.002), along with age >65 years (OR=11.29) and osteoporosis history (OR=2.06). Two-way ANOVA revealed
significant group-time interactions in PSQI scores (P<0.001). While both groups showed postoperative PSQI improvement (poor
sleep: 11.89+2.92 to 6.56+2.39; good sleep: 3.314+1.57 to 2.29+1.14), between-group differences remained significant (P<0.001).
Conclusion: Poor preoperative sleep quality was associated with a higher risk of pain and frailty after THA, possibly due to a two-
way relationship. Although this study has some limitations, preoperative sleep screening could be useful in improving perioperative
care and requires further testing in future studies.
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Introduction

THA surgery is rising due to aging populations and increasing osteoarthritis prevalence. By 2030, annual THA surgeries
are expected to surge by 174% from 2005, with the US reaching 572,000 cases/year and Europe about 400,000 cases/
year.! Osteoarthritis is the most common indication for THA (70-80% of cases), followed by osteonecrosis of the
femoral head (10-15%) and post-traumatic arthritis (5-10%).> This increase is not only reflected in the volume of
procedures but also carries a heavy economic burden: the direct medical cost of a single THA in the United States is as
high as $48,000, and readmission for postoperative complications (eg, infections, loosening) costs an additional
$23,000 per case.’ As one of the countries with the fastest aging populations, the demand for THA has risen dramatically
in China. According to the National Joint Replacement Registry, the annual number of THA surgeries in China has
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increased from 45,000 in 2013 to 287,000 in 2020, with a compound annual growth rate of 30%.* Among them, Femoral
head necrosis (35—40%) and osteoarthritis (30-35%) are the main indications, which are significantly higher than the
distribution of the disease spectrum in Western countries.” Delayed diagnosis and treatment lead to a higher proportion
(60%) of advanced hip pathology in rural areas compared to urban ones (30%), indicating unequal healthcare resources
worsen surgical complexity and postoperative recovery challenges.” THA improves patient function, but postoperative
frailty incidence (15-25%) causes delayed recovery, readmission risk, and higher costs.” Existing studies mainly focus on
surgical techniques or short-term complications, with the link between preoperative factors (such as sleep quality) and
postoperative frailty underexplored. Given THA’s growth and China’s unique disease profile, identifying preoperative
risk markers and interventions is vital for public health.

According to a study, approximately 1.361 billion people worldwide suffer from sleep disorders, especially in men,
older adults, and those with an elevated body mass index.® Sleep disorders in surgical patients complicate perioperative
care, linked to postoperative hypoxemia, pulmonary/cardiac issues, ICU transfers, longer stays, higher readmission rates,
and increased resource use.’ Patients undergoing orthopedic surgery exhibit a higher prevalence of sleep disorders than
those undergoing general surgery,'® and several studies have shown that sleep disorders adversely affect morbidity and
mortality in the orthopedic population.'®™'* Larsen et al studied sleep quality and chronic pain, while this study is the first
to use a multidimensional assessment of postoperative frailty over 6 months to track its dynamic changes. Unlike Larsen
et al’s Western-based study, this one focuses on elderly Chinese THA patients with unique sleep and comorbidity
patterns, offering Asian-relevant evidence. Though Larsen et al’s RCT-based design was rigorous, it did not prioritize
frailty as a geriatric surgical outcome. This study’s novelty lies in linking sleep quality to postoperative frailty risk and
providing non-Western perioperative management evidence. Recent studies also show sleep quality affects postoperative
pain and recovery in the elderly, with sleep-disordered THA patients facing longer stays, higher costs, pain rates, and
complication risks.'*!>'® Therefore, it is crucial to perform early risk prediction focusing on older patients with
preoperative sleep disorders.

Frailty, marked by reduced physiological reserves and stress resistance, presents as poor mobility, muscle loss, poor
nutrition, and cognitive decline, and is a key risk factor for postoperative complications in older adults. The Fried frailty
phenotype and clinical frailty scale, well validated in research and clinical practice,'” are commonly used tools for frailty
assessment. Traditionally, frailty is seen as chronic and cumulative, but recent studies suggest “postoperative acquired
frailty”, where surgical stress may rapidly worsen frailty, especially in the elderly.'® Petermann-Rocha et al (2023) found
the Fried score rose by 1.5 items on average 6 months post major orthopedic surgery, correlating with preoperative
inflammatory markers (such as IL-6).'® In this study, the increase in AFried=1.8 is consistent with this, supporting the
clinical significance of short-term changes in postoperative frailty. Studies have shown that individuals with sleep
disorders are at a higher risk of developing frailty.”" Sleep quality is assessed using the Pittsburgh Sleep Quality
Index (PSQI). A PSQI total score exceeding 5 points is commonly employed as the clinical cut-off point distinguishing
“good sleep quality” from “poor sleep quality”. This criterion is widely adopted globally and has demonstrated good
reliability and validity across multiple studies.”' Although many studies have confirmed the association between sleep
disorders and frailty in the elderly population, the dynamic evolution of this relationship in the orthopedic postoperative
population and its clinical significance have not been fully explored. Patients undergoing total hip replacement (THA)
may experience unique sleep-weakness interactions due to pain, limited mobility, and perioperative stress. However, the
effect of sleep quality on the incidence of frailty after THA remains unclear. This study investigated the potential
association between sleep quality and postoperative outcomes in older THA patients, and screened for risk factors
associated with postoperative THA frailty.

Methods
Study Design and Population

This is a single-center, retrospective case-control study, non-randomised intervention trial. The case group included THA
patients with poor sleep quality (PSQI>5 points) before surgery (n=45) and the good sleep quality group included patients
with PSQI<S5 points (n=45). All patients underwent their first unilateral THA at our center between 2018 and 2022. The study
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was approved by the Medical Ethics Committee of Changshu No. 2 People’s Hospital (Ethics No. 2021-KYW-070;
December 21, 2021), and written informed consent was obtained from all subjects participating in the trial. The study
protocol was in compliance with the ethical guidelines of the Declaration of Helsinki. Adult patients undergoing selective
THA at Changshu No. 2 Hospital were selected for this study, and patient eligibility was assessed at the pre-admission
hospital visit before admission for surgery, with a 6-month postoperative follow-up. A total of 239 hospitalized THA patients
were screened using the inclusion criteria shown in Figure 1. The exclusion criteria were as follows: 1. History of Drug
Dependence. (1) Current or past 12 months meeting DSM-5 diagnostic criteria for substance use disorders (eg, opioid,
benzodiazepine dependence) and (2) a history of illicit drug use (eg, cocaine, methamphetamine) or over-the-counter
substance abuse within 6 months prior to surgery. Drug dependence status was assessed using a combination of the
Structured Clinical Interview (SCID-5) and urine toxicology screening (within 48 h preoperatively); 2. History of previous
THA surgery, 3. Other pain treatments outside standard care; and 4. BMI > 40 kg/m?; 5. Inability to understand or cooperate
in the evaluation of the scales or questionnaires used in this study. During the follow-up period of this study, all 90 enrolled
patients completed the six-month postoperative assessment with no cases lost to follow-up; consequently, there were no issues
requiring missing data imputation. All patients were screened and included based on existing medical records after surgery.

Patients with good and poor sleep quality were then included according to the PSQI and randomly selected and used
as matched controls according to age at surgery (within 2 years), sex (corresponding match), and concordance with the
American Society of Anesthesiologists (ASA) scores. If one of the matched controls was lost to follow-up, the patient
was excluded. This study was approved by the Medical Ethics Committee and complied with the Declaration of Helsinki.

Data Collection and Definitions
Basic data on demographics, clinical characteristics, sleep quality (Pittsburgh Sleep Quality Index [PSQI]), ASA scores,
HHS scores, and pain intensity (visual analog scale [VAS]) were collected by a professional staff. The HHS is

239 eligible patients

95 patients were
excluded based on
exclusion criteria

144 patients included (ERAS)

52 patients were
excluded because
they were not
matched to a
suitable subject

92 patients followed up

92 patients matched

2patient was
excluded due to
loss of follow-up

90 patients for final analyses

Figure | Flowchart for data incorporation.
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a standardized tool widely used in the assessment of hip function and was proposed by Harris in 1969 to quantify pain,
functional status, and mobility after hip surgery. Demographics included age, sex, and body mass index (BMI), which
was calculated by dividing weight (kg) by height (m?). Hypertension was defined as a self-reported history of
hypertension, current use of antihypertensive medication, or three or more consecutive measurements of diastolic
blood pressure (BP) >90 mmHg and/or systolic BP >140 mmHg.** History of diabetes, cardiovascular disease,
osteoporosis, and chronic lung disease was obtained from self-report or clinical records. After surgery, the patients
returned to the orthopedic wards with a standardized postoperative care and physical therapy program provided to both
groups. Clinical data related to surgery were collected, including operative time, blood loss, intraoperative complications,
use of postoperative analgesic medications (eg, analgesic pumps and opioids), hospitalization duration, and postoperative
VAS pain intensity at 1 d. Patients were contacted by telephone at 1, 3, and 6 months postoperatively to record their HHS
scores and VAS pain intensity. The occurrence of complications within 30 days of surgery, PSQI scores, anxiety and
depression scores, and frailty status were collected using the same method six months after surgery. Different assessment
frequencies are designed because multiple assessment tools (PSQI, VAS, HHS) capture dynamic changes: PSQI observes
long-term sleep quality improvement post-surgery; VAS and HSS evaluate early postoperative recovery, hence intensive
early follow-ups. Single-time postoperative tools (eg, Fried Frailty Phenotype) focus on cumulative incidence at six
months, reflecting the overall state post-surgery. HADS serves as an endpoint for psychological status, aligned with
primary outcomes to analyze its link with frailty. Single-time preoperative tools (MoCA, medical history) describe
baseline and exclude severe confounders, crucial for grouping and adjusting covariates.

Sleep Quality

Preoperative sleep disorders were assessed using the PSQI, a globally recognized and widely used sleep questionnaire
that accurately reflects the quality of a participant’s sleep over a 1-month period.”® The PSQI, with a total score of 21,
measures 7 dimensions of sleep quality through 19 question items, including subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disorders, use of sleep medicine, and daytime dysfunction. Higher PSQI scores indicate
poorer sleep quality, with a threshold of 5, which means that a PSQI score higher than 5 can be used to indicate the risk
of having a preoperative sleep disorder.

Assessment of Postoperative Frailty

Postoperative frailty was evaluated using two methods. The frailty phenotype FP possesses five indicators: weight loss,
fatigue, slowed walking speed, low grip strength, and decreased physical activity. Compliance with three or more
phenotypes was considered frailty, 1-2 phenotypes as pre-frailty, and 0 as non-frailty.***> The Clinical Frailty Scale
(CSF) consists of a 9-point scale in which patients are rated based on their functional ability, level of motor activity, and
comorbid symptoms, with a score of 1 denoting very healthy (characterized as robust, active, energetic, and motivated),
and a score of 9 indicating severe frailty (characterized as being completely dependent on others for daily living or
suffering from a terminal illness).*

Anxiety and Depression

The Anxiety and Depression Scale (HADS) is recommended by the National Institute for Health and Clinical
Excellence for the diagnosis of depression and anxiety in the United Kingdom?’ and is used to determine preoperative
levels of anxiety and depression. The scale is composed of 14 questions, with seven items assessing anxiety and seven
evaluating depression. Each item was rated from 0 to 3 and summed to obtain separate scores for anxiety and
depression.”®

Measurement of Pain Intensity
Clinical pain intensity was defined as pain after 20 minutes of rest and was rated using a visual analog scale (VAS:
0—-10 cm). Clinical pain intensity data were obtained at 1 d, 1 month, 3 months, and 6 months postoperatively. VAS

scores ranged from 0 to 10, where 0 denoted no pain, 0—4 mild pain, and 4-10 indicated worst pain.*’
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Statistical Analysis
In this study, normality was tested using the Shapiro—Wilk test, Q-Q plots, and the Kolmogorov—Smirnov test, and
descriptive statistics for normally distributed variables were expressed as mean =+ standard deviation for non-normally
distributed variables as median (interquartile spacing), and categorical variables as frequency (percentage); group
comparison tests, such as the independent samples #-test, Mann—Whitney U-test, chi-square test, Fisher’s exact test, one-
way ANOVA, Kruskal-Wallis H-test, paired ¢-test, and paired Wilcoxon signed-rank test; regression analyses using
multiple logistic regressions and linear regressions to explore the relationship between risk factors and variables;
assessment of the model through the AUC of the ROC curve, calculation of the VIF to avoid multicollinearity, Box-
Cox transformation of continuous variables to satisfy the assumptions of linearity and normality, and optimization of the
logistic regression model using penalized maximum likelihood estimation (and bootstrap resampling to validate the
robustness of the model. Statistical significance was defined as p < 0.05.

Although previous studies have reported the effect of sleep quality on THA, the sample size was not sufficiently large.
In this project, based on the study by Boye Larsen et al'' the preoperative anxiety data were selected and tested using the
PASS software, with o value set as 0.05, B value (1-power) set as 0.2, and the ratio of the sample size of the experimental
and good sleep quality groups was 1. The sample size of the experimental group was obtained using the R language

according to the method of Chow et al*® which resulted in a sample size of 36 cases for the two groups. Considering the
20% loss to follow-up rate, 90 patients (45 in each group) were included, ensuring that an effect size of OR>3.0 could be

detected.

Baseline Clinical Characteristics

The MoCA score was assessed preoperatively and served as a core indicator of the patient’s preoperative cognitive status,
ranging from 0 to 30 points, with scores below the threshold corresponding to the level of education indicating the
presence of cognitive impairment. Assessments were completed by two independent researchers and arbitrated by a third
neurologist when the difference in scores was greater than 2 points.

Results

Basic Characteristics

A total of 90 eligible THA surgical patients were enrolled and divided into two groups based on their Polysomnography
Quality Index (PSQI) scores: a good sleep quality group (higher PSQI score) and a poor sleep quality group (lower PSQI
score). The PSQI score in the poor sleep quality group was 11.89 £ 2.92, while the PSQI score in the good sleep quality
group was 3.31 £ 1.57. The two groups were comparable in age, sex, ASA score, BMI, HHS score, and history of
systemic diseases (P > 0.05). There was no significant difference in preoperative frailty scores between the two groups (P
= 0.259). All patients had normal preoperative MoCA scores, with no significant difference between the two groups.
Table 1 summarizes the detailed preoperative data of all THA patients.

Intergroup Comparison of Postoperative Opioid Utilisation Rates and Length of

Hospital Stay

Although there was no significant difference in operative time (115.04 + 16.66 vs. 116.44 + 13.05 minutes, P = 0.658)
and no difference in the rate of postoperative complications (22.2% vs. 8.9%, P = 0.083), there was a significant increase
in the rate of opioid use in the poor sleep group (22.2% vs. 6.7%, P = 0.036) and a longer hospital stays (4.49 + 1.47 vs.
3.42 + 0.89 days, P < 0.001) (Table 2).

The Relationship Between Sleep Quality and Postoperative Pain, Functional Recovery,
and Complications

Postoperative pain intensity was significantly higher in the group with poor sleep quality than in the group with good
sleep quality at 1 d, 1 month, and 3 months postoperatively (with statistical differences), while tending toward
convergence at six months postoperatively (Figure 2). The HHS scores of the two groups were not statistically different
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Table | Comparison of Basic Data on Patient Demographics and
Clinical Characteristics Based on Sleep Quality

Good Sleepers | Poor Sleepers | P
N 45 45
Age (years) (mean + SD) | 7191 + 4.08 70.58 + 4.57 0.148
Gender (M/F) (n) 19/26 19/26 1.000
ASA Score, n (%) 1.000
[ 2 (44) 2 (44)
2 13 (28.9) 13 (28.9)
3 30 (66.7) 30 (66.7)
BMI (kg/m?) (mean + SD) | 21.20 £ 3.37 20.99 + 2.76 0.746
HHS Score (mean *+ SD) | 57.60 * 6.70 55.20 + 5.38 0.064
PSQI score (mean + SD) | 3.31 = .57 11.89 +2.92 <

0.001

Frailty score (mean + SD) | 3.32 £ 1.09 3.07 1.0l 0.259
Medical history, n (%)
Hypertension 23 (51.1) 27 (29.7) 0.402
Diabetes 10 (22.2) 11 (24.4) 0.806
Osteoporosis 14 31.1) 19 (42.2) 0.279
Cardiovascular disorder 3 (6.7) 4 (8.9) 0.698
Pulmonary disease 1 (2.2) 2 (4.4) 0.562

Notes: Continuous variables are expressed as mean * standard deviation, and categorical
variables are expressed as n (%). P-values were derived from the independent sample t-test
(age and BMI) or chi-square test (sex and comorbidities). Values in bold indicate statistically
significant differences (p < 0.05).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; HHS,
Harris Hip Scoring System; PSQI, Pittsburgh Sleep Quality Index.

Table 2 Surgical Details, Hospital Outcomes and Complications (Short-Term and at
6 Months Post-Operatively)

Good Sleepers | Poor Sleepers | P
Operative time (min) (mean * SD) 115.04 £ 16.66 116.44 £ 13.05 | 0.658
Estimated blood loss (cc) (mean + SD) | 253.36 + 82.71 269.33 £77.10 | 0.346
Any intraoperative complications, n (%) | | (2.2) 2 (4.4) 0.562
Intraoperative fracture, n (%) 0 (0) 2 (4.4) 0.156
Postoperative Complication, n (%) 4 (8.9) 10 (22.2) 0.083
Transfusion, n (%) 2 (44) 6 (13.3) 0.142
Analgesic pump, n (%) 4 (8.9) 9 (20.0) 0.137
Opioids, n (%) 3 (6.7) 10 (22.2) 0.036
Length of stay (d) (mean * SD) 342 £ 089 449 + 1.47 <0.001
Revision, n (%) 1 (22) 1 (2.2) 1.000
MoM failure, n (%) 0 (0) 0(0) 1.000
Other revision, n (%) 1 (22) 2 (44) 0.562

Notes: Continuous variables are expressed as mean * standard deviation, and categorical variables are
expressed as n (%). P-values were derived using the independent sample T-test or Chi-square test. Values in
bold indicate statistically significant differences (p < 0.05).

preoperatively, whereas the group with poor sleep quality was statistically higher than that of the group with good sleep
quality one month after surgery. At 3 and 6 months postoperatively, no statistically significant difference was observed in
the HHS scores between the two groups (Figure 3). Six months postoperatively, there was no difference in the prosthesis
revision rate between the two groups (2.2% vs. 2.2%, P = 1.000), and the incidence of other complications (eg, aseptic
loosening and infection) was similar (Table 2).
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Figure 2 Comparison of pain intensity at | day, | month, 3 months and 6 months postoperatively according to sleep quality. Blue is the good sleep group, red is the poor
sleep group. (A) preoperative; (B) post-1 month; (C) post-3 month; (D) post-6 month. ns indicates no significance; **P<0.01; ***P<0.001.

The Impact of Sleep Quality on Postoperative Fatigue, Anxiety and Depression

The PSQI indices of both groups improved preoperatively and six months postoperatively, with a statistically significant
difference (Figure 4). It could be observed that the PSQI indices of the poor sleep quality group decreased significantly
postoperatively but remained lower than those of the good sleep quality group (Table 3). The incidence of frailty at 6
months after surgery was significantly higher in the poor sleep quality group than in the good sleep quality group (44.4%
vs. 24.4%, p=0.024), and the Fried phenotypic score was higher (3.49+1.62 vs. 2.31£1.39, P<0.001). There were also
significant differences in the rates of anxiety (HDS-A >8 score: 42.2% vs. 17.8%, p=0.009) and depression (HDS-D >8
score: 35.6% vs. 13.3%, P=0.011). At 3 months after surgery, the HADS-A score decreased less in the poor sleep group
(AHADS-A=1.2+0.8 vs. 2.5+1.1, p=0.002), suggesting a delayed recovery of mental health.

Screening and Multivariate Analysis of Factors Influencing Postoperative Frailty
Screening for factors influencing the prognosis of weakness six months after THA revealed that age, BMI, poor
sleep quality, history of diabetes mellitus, and history of osteoporosis had potential influences on the occurrence of
weakness six months after surgery (P<0.05, Table 4). Multiple logistic regression modeling of indicators with
significant differences showed that poor sleep quality was an independent risk factor for poor prognosis of frailty in
patients undergoing THA surgery, with a significant correlation with the primary outcome (OR=2.44, 95% CI:
0.97-4.20, p = 0.002) (Table 5).
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Table 3 PSQI Index, Frailty Status and Anxiety and Depression Index in
Patients at 6 Months Postoperatively

Good Sleepers | Poor Sleepers | P
PSQI score (mean * SD) 229 £ 1.14 6.56 = 2.39 <0.001
Frailty score (mean + SD) 231 £ 1.39 349 £ 1.62 <0.001
Frailty status, n (%) 0.024
No frailty Il (24.4) 5(11.2)
Pre frailty 23 (51.1) 20 (44.4)
Frailty Il (24.4) 20 (44.4)
HADS (Anxiety) (mean * SD) 401 225 781 £3.92 <0.001
HADS (Depression) (mean * SD) | 5.75 + 2.90 7.58 + 4.45 0.023

Notes: Continuous variables are expressed as mean * standard deviation, and categorical variables
are expressed as n (%). P-values were derived using the independent sample T-test or Chi-square test.

Values in bold indicate statistically significant differences (p < 0.05).

Table 4 Comparison of Baseline Characteristics Among Patients Grouped

According to Frailty Status at 6 Months Post-Surgery

No & Pre Frailty (n=59) | Frailty (n=31) | P

Age (years) (mean % SD) | 70.24 + 4.02 73.16 = 4.40 0.002
Gender (M/F) (n) 26/33 12/19 0.629
ASA Score, n (%) 0.378
| 4 (6.8) 0 (0.0
2 12 (20.3) 14 (45.2)
3 43 (72.9) 17 (54.8)
BMI (kg/m2), n (%) <0.001

<185 6 (10.2) 16 (51.6)

18.5-23.9 39 (66.1) 13 (41.9)

>23.9 14 (23.7) 2 (6.5)
Poor Sleep, n (%) 10 (16.9) 21 (67.7) <0.001
HHS (mean * SD) 55.85 + 5.35 56.69 + 6.57 0.540
Medical history, n (%)
Hypertension 31 (52.5) 19 (61.3) 0.433
Diabetes 6 (10.2) 15 (48.4) <0.001
Osteoporosis 13 (22.0) 20 (64.5) <0.001
Cardiovascular disorder | 5 (8.5) 2 (6.5) 0.737
Pulmonary disease 3 (5.1 0 (0.0) 0.206

Notes: Continuous variables are expressed as mean * standard deviation, and categorical variables are
expressed as n (%). P-values were derived using the independent sample T-test or Chi-square test.

Values in bold indicate statistically significant differences (p < 0.05).

Discussion

After adjusting for available confounders, preoperative poor sleep quality was significantly associated with a higher
incidence of frailty at 6 months postoperatively. Risks included age, diabetes/osteoporosis, low BMI, and poor sleep
(which independently affected frailty). THA improved outcomes. Identifying frailty factors after THA can guide both
preoperative and intraoperative care. Several studies have demonstrated that age is one of the most important risk factors
for poor prognosis. David’s study showed that one year after THA, younger patients (<55 years) had slightly worse pain/
quality of life but better function, improving more than older patients (=75 years) who maintained higher function. Age
did not affect baseline function but predicted 1-year postoperative pain.*'~? However, no statistically significant
differences were observed in the clinical data. Notably, older THA patients (median age = 82.5 years) with severe
comorbidities (Charlson score >5) had a higher risk of postoperative mortality.>® Similarly, multivariate logistic regres-
sion analysis showed that age was significantly different between the postoperative frailty and non-frailty groups.
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Table 5 Multivariate Logistic Regression Analysis of Independent
Risk Factors for Frailty in Patients with THA 6 Months After Surgery

B SE ||z| | P Exp (B) | 95% CI
Age 1129 | 640 | 1.77 | 0.077 | 30.69 -0.33-25.22
BMI -5.87 | 1.74 | 3.38 | 0.001 | 0.003 -9.78-2.85
Diabetes 136 | 079 | 1.71 | 0.087 | 3.70 ~0.18-3.00
Osteoporosis | 206 | 0.81 | 2.53 | 0.011 | 5.60 0.54-3.82
Poor Sleep | 244 | 0.80 | 3.04 | 0.002 | 6.63 0.97-4.20

Note: Values in bold indicate statistically significant differences (p < 0.05).

A history of diabetes and osteoporosis strongly affects THA prognosis. Hyperglycemia weakens immunity and
microangiopathy delays wound healing in patients with diabetes. A meta-analysis of 3.5M+ hip arthroplasty cases linked
diabetes to a 64% higher risk of periprosthetic joint infection post-THA.** The WHO and CDC have highlighted strict
glycemic control during surgery. Uncontrolled diabetes (blood glucose level >200 mg/dL or hemoglobin Alc level >7%)
increases the risk of postoperative complications. The ADA advises delaying surgery for patients with Hgb Alc >7%.%
A recent study investigating 2.5 million patients demonstrated that age (older than 75), diabetes, and osteoporosis were
clinical risks leading to postoperative THA fractures with higher mortality.*® Another study investigating 927 THA
patients using univariate and multivariate logistic regression analyses showed that lower BMI and a history of
osteoporosis were risk factors for anemia after THA.?>” Furthermore, inflammatory markers (CRP) and increased blood
coagulation (factor VIII and D-dimer) are associated with frailty.*® Examinations have found that the risk of frailty is
highest at the lowest hemoglobin levels and lowest at moderate-to-normal hemoglobin levels, suggesting anemia as a risk
factor for frailty.*® Consistent with our study, diabetes, history of osteoporosis, and lower BMI represent potential hazard
factors that lead to adverse postoperative frailty.

Patients with poor preoperative sleep quality were associated with poorer postoperative recovery in patients with
THA, and sleep disorders were linked to higher pain sensitivity, which correlated with poorer postoperative pain control
and adverse effects on pain control six months postoperatively. Boye et al'' investigated 163 patients who underwent
total joint replacement and showed that preoperative sleep disorders were associated with higher levels of preoperative
anxiety and depression, inducing higher levels of postoperative pain. A study of 604 total joint replacement patients
found that better preoperative sleep quality correlated with a higher likelihood of discharge within two days.'? Our
findings suggest an association between poor preoperative sleep and post-THA frailty, independent of age, BMI, and
specific comorbidities. Additionally, frailty is an independent risk factor for frailty. However, the connection between
preoperative sleep and postoperative mental health is unclear because a smaller study found no association with anxiety
or depression.*

Although frailty is often linked to aging, its definition is complex and variable. The absence of a widely accepted
clinical definition complicates the understanding of its implications.*' Indeed, a relatively large number of patients
undergoing THA present with frailty according to this definition. Mclsaac et al** concluded that frailty is one of the
strongest risk factors for serious short-term adverse events after THA. Serious adverse events in these patients include
heart attack, pneumonia, sepsis/shock, surgical bleeding, and pulmonary embolism. Research shows frailty is consistently
tied to higher risks of illness, readmission, and death.’****> Common frailty models (eg, Frailty Phenotype, Frailty
Index) use similar methods; therefore, their accuracy in predicting surgical outcomes does not differ much.*® Sleep
deprivation reduces exercise motivation and fatigue tolerance by altering brain chemistry and mitochondrial function,
whereas chronic sleep disruption causes inflammation and muscle breakdown, and weakens physical abilities. We
assessed 6-month postoperative frailty using validated scales (Frailty Phenotype, Clinical Frailty Scale).*’

Preoperative sleep can predict postoperative frailty, yet frailty factors such as preoperative pain, activity limitations,
and anxiety may also disrupt sleep. Postoperatively, surgical stress further impairs sleep; deteriorating sleep in turn
hinders recovery and exacerbates frailty, creating a vicious cycle. Future longitudinal studies are required to unravel this
complex relationship. This study offers clear clinical implications: incorporating sleep quality screening into routine
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preoperative assessment for total hip arthroplasty (THA) can identify high-risk patients. Implementing a multimodal
prehabilitation programme—integrating sleep interventions alongside physical training and nutritional support—may
break this vicious cycle. Optimising preoperative sleep could reduce postoperative frailty incidence and improve long-
term outcomes. Given the increasing number of hip osteoarthritis cases and THA expenses, identifying the risk factors
for poor recovery after THA is vital. This helps tailor care to improve outcomes and reduce readmission and cost. Based
on these findings, it is necessary to conduct prospective interventional studies in the next phase, such as designing
a randomised controlled trial to verify whether optimising preoperative sleep in total hip arthroplasty patients can
effectively reduce the incidence of postoperative frailty and improve long-term functional outcomes.

Limitations

Our matched retrospective study, being non-interventional, risks incomplete data and has limited generalizability due to
its small, single-center sample. Due to the limitations of the retrospective study design, we were unable to obtain and
match patients’ preoperative baseline frailty status and anxiety/depression scores. While rigorous matching minimized
confounding, multicenter, large-sample studies are needed to validate these findings across diverse populations.

A more refined matching scheme should address incomplete confounders such as the HHS index and BMI. The lack
of preoperative assessments of anxiety, depression, frailty, and mental health status in our study may obscure the full
impact of sleep disorders on recovery. Preoperative anxiety or depression can indirectly affect postoperative outcomes
through sleep quality.

Future studies should comprehensively assess preoperative frailty and mental health in order to accurately gauge the
independent effects of sleep quality on recovery. Given the limitations of the retrospective design, prospective studies
with thorough baseline assessments are essential to optimize matching and reduce the bias from unmeasured variables.

Conclusion

This novel assessment (combining laboratory data, biomarkers and frailty scores) enables rapid evaluation of short-term
risk in elderly total hip arthroplasty patients, facilitating swifter and more precise clinical decision-making. Elderly hip
replacement patients with poor sleep quality constitute a frail population. THA improves sleep quality Identifying poor
sleepers before surgery helps doctors to predict recovery and plan care.
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