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Background: Delirium is common in older patients during the postoperative period, increasing the number of adverse events, and 
grip strength is associated with delirium. Subsyndromal delirium (SSD) is a prostate of clinical delirium; nevertheless, the relationship 
between grip strength and SSD has not been elucidated. This study aimed to examine the association between grip strength and SSD in 
the elderly after arthroplasty.
Methods: A total of 181 patients were recruited from two Chinese hospitals. SSD and delirium were evaluated before the surgery and 
the first week after surgery using the confusion assessment method. The Mini-mental State Examination was used to assess patients’ 
cognitive function, and their grip strength was evaluated with an electronic hand dynamometer before surgery. Logistic regression and 
ROC curve analysis were conducted to determine the odds ratio and predictive value of grip strength for SSD.
Results: The incidence of SSD and postoperative delirium (POD) was 41.44% and 14.36% for the elderly following arthroplasty 
respectively, and approximately 1/3 of SSD progressed into POD. Older age, declined cognitive function, fall history, and lower grip 
strength were risk factors for SSD (P<0.05). The area under the ROC curve of grip strength was 0.863 and 0.900 for males and 
females respectively, and the cut-off point of it was determined to be 22.050 kg for men and 18.050 kg for women.
Conclusion: SSD and POD are common among older people. Decreased grip strength, advanced age, lower cognitive function, and 
fall history were independent risk factors for SSD, and grip strength was a significant predictor for SSD in aged patients after the 
arthroplasty.
Keywords: subsyndromal delirium, delirium, grip strength, risk factor, joint replacement

Introduction
Delirium is an acute neurocognitive dysfunction characterized by fluctuating consciousness and obvious impairment of 
cognition, such as inattention, disorientation, disorganized thinking, agitation, and delusions1 This condition commonly 
occurs in older patients during the postoperative period (Postoperative delirium, POD) with a combined incidence of 
24%.2 Delirium is recognized as a serious adverse event closely related to various negative consequences, including 
prolonged hospital admissions, cognitive function decline, and higher mortality, significantly undermining both life span 
and quality.3 In addition to full delirium syndromes, subsyndromal delirium (SSD), a milder form of delirium has been 
a topic of interest in recent decades.4,5 SSD is defined by the presence of partial delirium symptoms or a precursory state 
of clinical delirium but does not yet meet the full diagnostic criteria of delirium.6,7 The incidence of SSD can be highly 
variable, ranging from 0.9% to 36.5%, and close to delirium, patients who develop SSD are associated with unfavorable 
outcomes as well, such as extended duration of hospitalization, long-term functional disability, and cognitive 
impairment.8 Not only that, in previous studies, risk factors of SSD have also been identified as similar to those 
associated with delirium, like advanced age, preoperative fasting times, psychotropic medications, cognitive impairment, 
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acute stroke, hearing and visual impairment, and frailty.9,10 Consequently, it could be considered that risk factors of 
delirium could also be intrinsic factors in those of subsyndromal delirium.

Hand grip strength is a very simple and inexpensive way to assess muscle capacity, it has been used widely in recent 
clinical studies to estimate frailty or muscle mass in older adults.11,12 Although it is generally accepted as a measure of 
physical or motor function, a growing number of studies have demonstrated its statistically significant relationship to 
cognition in the elderly.13,14 Moreover, some published studies have shown that low preoperative hand grip strength was 
an independent predictor of delirium after surgery.15,16 However, there has been a paucity of research on the effect of grip 
strength before surgery on the occurrence of SSD in older patients undergoing joint replacement so far. Therefore, this 
study aimed to investigate the association between grip strength and SSD in older patients after joint replacement surgery.

Materials and Methods
Participants
This prospective observational study was undertaken in the orthopedics department of the 903rd Hospital of PLA, 
Hangzhou, China, and the First Affiliated Hospital of Zhejiang Chinese Medicine University, Hangzhou, China. A total 
of 181 adults were recruited to complete the research between May 2019 and February 2021. The inclusion criteria for 
patients were as follows: (1) aged ≥65 years; (2) scheduled to undergo hip or knee joint replacement surgery, both total 
joint replacement and hemiarthroplasty were involved; (3) able to communicate with the researchers and complete study 
questionnaires or measurements; (4) voluntarily participated in the study. (5) expected a postoperative hospital stay of at 
least one week. The exclusion criteria were as follows: (1) patients with severe physical illness and psychiatric disorders, 
or unstable postoperative vital signs; (2) with SSD, delirium symptoms, or cognitive impairment before the operation; (3) 
duration of hospital stay less than one week after surgery; (4) dropped out halfway for reasons including death, referring 
to another department.

Data Collection
Demographic Characteristics and Grip Strength Assessment
In this study, the nursing staff enrolled patients and recorded their demographic data throughout their hospital stay. All 
participants’ demographic information was collected from the electronic medical records on the day before the surgery, 
including age, gender, body mass index (BMI), previous medical history, and prior medication use. In addition, surgical 
sites and anesthesia modes were also recorded. Grip strength assessment: The nursing staff assessed the participants’ 
hand grip strength before surgery with an electronic hand dynamometer (CAMRY, EH101, SENSSUN, China) with 
a cut-off point grip strength adjusted for gender and body mass index (BMI), and is defined as the maximum value from 3 
attempts with the dominant hand privileged.17

SSD and Delirium Assessment
This research used the Chinese version of the confusion assessment method (CAM) to determine the incidence of SSD 
and POD. This version has a good intraclass correlation coefficient of 0.91, a sensitivity of 0.90, a specificity of 0.94, and 
a sensitivity of 0.90, in the cross-validity test, the Kappa value is 0.83 (P<0.01).18 Delirium was diagnosed if CAM 
criteria were met: (a) acute onset or fluctuating course; (b) impairment of attention; and either (c) disturbing conscious-
ness; or (d) disorganized thinking. While a diagnosis of SSD is based on at least one of the CAM symptoms but does not 
meet the complete diagnostic criteria for Delirium.19 As part of this study, four psychiatry-trained research nurses 
assessed SSD and delirium in patients on the day before surgery and 1–7 days after surgery.

Cognitive Function Assessment
The Mini-Mental State Examination (MMSE) was used to detect patients’ cognitive impairment. MMSE consists of 11 
items testing five aspects of cognitive function: orientation, registration, attention and calculation, recall, and language. 
The scale has 30 questions with a maximum score of 30, of which 27–30 is considered normal, and 27 is determined as 
cognitive impairment.20 The reliability and validity of the Chinese version are excellent, the Cronbach alpha coefficient 
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was 0.833, and the test–retest reliability was 0.924,21 which has been widely used for screening older adults for cognitive 
impairments in China. The trained nurses assessed cognition levels by MMSE in participants before surgery.

Basic Activities of Daily Living Measurement
The Barthel Index (originally called the Maryland Disability Index) was introduced by Mahoney and Barthel in 1955 and 
has been widely used for the evaluation of patients’ ability to perform basic activities of daily living.22 The Barthel Index 
measures 10 items, including bathing, dressing, feeding, personal hygiene, using the toilet, bladder, and bowel control, 
walking on a level surface, and transfer from chair to bed, giving a total score ranging from 0 (fully dependent) to 100 
(fully independent). The structural validity and reliability of the Chinese version were shown to be robust, with kappa 
statistics ranging from 0.63 to 1.00.23 The research nurses used the Barthel Index to assess patients’ basic activities of 
daily living before surgery.

Ethical Consideration
The study was approved by the ethics committee of the 903rd hospital of PLA, Hangzhou, China (ethical register 
number: 201907300401023) and the first affiliated hospital of Zhejiang Chinese Medicine University (ethical register 
number: 2019-KL-014-01). The procedures for the study were explained to all participants and their relatives, and all the 
participants provided their written informed consent on the day before the operation.

Statistics
SPSS software version 25.0 was used to analyze the data. Continuous variables were reported as means and standard 
deviations, while categorical variables were expressed as absolute values and percentages. Continuous variables were 
analyzed using independent t-tests; non-normal data were compared with Mann–Whitney’s U-test; while categorical data 
were assessed using chi-squared tests. In univariate analysis, factors with P < 0.05 were included in the multivariate 
analysis. Then, bivariate logistic regression analyses were conducted to estimate the odds ratio for each independent 
variable, and the significant risk factors for the occurrence of SSD were investigated. Finally, a ROC curve analysis was 
used to evaluate the predictive value of grip strength for SSD. A two-sided P<0.05 was considered statistically 
significant.

Results
Demographic Characteristics and Perioperative Factors
A total of 196 patients who met the inclusion were enrolled in this study, among them, 15 met the exclusion criteria; hence, 
181 patients without delirium symptoms and cognition impairment before the operation were thus included in the analysis 
(Figure 1). All participants were aged ≥ 65 years old, the average age was 75.15 ± 7.54 years, and most were women, 
accounting for 65.75% (n = 119) of the total. Regarding the surgical sites, 46.41% (n = 84) of patients received knee 
replacement, and 53.59% (n = 97) received hip replacement. The average grip strength for male and female were 22.66 ± 
6.60 kg and 17.50 ± 5.48kg, respectively. At the end of observation, a total of 58.56% (n = 106), 41.44% (n = 75), and 
14.36% (n = 26) patients were classified as non-delirious (ND), with SSD (SSD from ND), and with Postoperative delirium 
(POD from SSD), respectively. In this study, approximately one-third (n = 26, 34.67%) of SSD cases were observed with 
a status of POD. The demographic characteristics and perioperative factors are summarized in Table 1.

The Risk Factors of Postoperative Subsyndromal Delirium
Significant differences were observed in demographic data between the no delirious and SSD groups, including grip 
strength, age, BMI, admission pain, MMSE, and BI score (P<0.05). Concerning medical history and prior medication 
use, fall history, smoking, Parkinson’s disease, osteoporosis, as well as the use of alcohol, statins, and anticoagulant drugs 
were found to be associated with SSD as well (P<0.05). In addition, operation-related factors are also significantly 
associated with postoperative SSD according to the surgical site and anesthesia mode (P < 0.01). In this study, 
multivariate analysis showed that grip strength (P = 0.001), advanced age (P = 0.018), preoperative cognitive function 
(P=0.006), and fall history within 6 months (P = 0.003) were statistically significant risk factors for the incidence of SSD 
in elderly after surgery (Table 2).
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The ROC Curve Analysis for Grip Strength
ROC curve analysis of grip strength showed the area under the ROC curve was 0.863 [95% CI:0.763 to 0.964] (P < 
0.001) and 0. 900 [95% CI:0. 846 to 0.954] (P < 0.001) for males and females respectively. The quality of the ROC curve 
analysis was judged based on the area under the ROC curve value (<0.7, indicating low accuracy; 0.7–0.9, indicating 
moderate accuracy; >0.9, indicating high accuracy). The cut-off point was determined to be 22.050 kg (men) and 
18.050 kg (women) by calculating the maximum of the Youden index, with a sensitivity of 0.744 and a specificity of 
0.913 for male patients, and a sensitivity of 0.761 and a specificity of 0. 904 for females. Therefore, in this case, the grip 
strength has a medium diagnostic value for predicting SSD after the operation (Figures 2 and 3).

Figure 1 Flow diagram of the patient selection process.

Table 1 The Demographic Characteristics and Perioperative Factors

Variables Classification Overall  
(n=181)

Non-delirious  
(n=106)

With SSD  
(n=75)

t/χ2 P- value

Age (years) / 75.15±7.54 71.70±4.46 80.07±8.27 −7.976* 0.000

BMI (kg/m2) / 24.02±4.15 24.82±3.78 22.89±4.41 3.154* 0.002

BI score (points) / 74.56±22.36 71.84±23.28 78.40±20.54 −2.002* 0.047

Admission Pain (points) / 2.08±0.81 1.89±0.75 2.35±0.83 −3.825* 0.000

MMSE score (points) / 25.01±3.45 26.30±2.70 23.17±3.58 6.396* 0.000

Grip strength (kg) Average 19.26±6.36 22.34±5.24 14.80±5.01 9.712* 0.000
Male 22.65±6.60 25.40±5.92 18.00±4.94 5.048* 0.000

Female 17.50±5.48 20.56±3.85 13.39±4.39 9.489* 0.000

(Continued)
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Discussion
The current study aimed to investigate the association between preoperative hand grip strength and the occurrence of 
SSD in older adults after joint replacement. The results indicated that the incidence of SSD and POD after surgery was 
41.44% and 14.36% among older adults respectively, with hand grip strength, older age, lower cognition function, and 
a recent fall history being identified as significant risk factors for the prevalence of postoperative SSD. Furthermore, the 
ROC curve illustrated that the cutoff point of grip strength could be used to predict a diagnosis of SSD in older patients 
after joint replacement surgery.

Table 1 (Continued). 

Variables Classification Overall  
(n=181)

Non-delirious  
(n=106)

With SSD  
(n=75)

t/χ2 P- value

Gender (n, %) Male 62(34.3) 39(36.8) 23(30.7) 0.732 0.392
Female 119(65.7) 67(63.2) 52(69.3)

Surgical site (n, %) Knee 84(46.4) 61(57.5) 23(30.7) 12.761 0.000
Hip 97(53.6) 45(42.5) 52(69.3)

Anesthesia mode (n, %) General 125(69.1) 83(78.2) 42(56.0) 10.224 0.001
Local 56(30.9) 23(21.8) 33(44.0)

Recent Fall history (n, %) No 125(69.1) 93(87.7) 32(42.7) 41.755 0.000
Yes 56(30.9) 13(12.3) 43(57.3)

Smoking (n, %) No 155(85.6) 83(78.3) 72(96.0) 15.278 0.000
Yes 26(14.4) 23(21.7) 3(4.0)

Alcohol use (n, %) No 140(77.3) 71(67.0) 69(92.0) 18.158 0.000
Yes 33(18.2) 29(27.4) 4(5.3)

Abstinence 8(4.4) 6(5.6) 2(2.7)

Diabetes (n, %) No 147(81.2) 89(84.0) 58(77.3) 1.265 0.261
Yes 34(18.8) 17(16.0) 17(22.7)

Hypertension (n, %) No 60(33.1) 35(33.0) 25(33.3) 0.002 0.965
Yes 121(66.9) 71(67.0) 50(66.7)

Parkinson’s disease (n, %) No 176(97.2) 106(100) 70(93.3) 4.997 0.025
Yes 5(2.8) 0(0.0) 5(6.7)

Depression (n, %) No 177(97.8) 106(100) 71(94.7) 3.577 0.059
Yes 4(2.2) 0(0.00) 4(5.3)

COPD (n, %) No 175(96.7) 104(98.1) 71(94.7) 0.730 0.393
Yes 6(3.3) 2(1.9) 4(5.3)

Tumor history (n, %) No 172(95.0) 103(97.2) 69(92.0) 1.511 0.219
Yes 9(5.0) 3(2.8) 6(8.0)

Osteoporosis (n, %) No 149(82.3) 98(92.5) 51(68.0) 18.045 0.000
Yes 32(17.7) 8(7.5) 24(32.0)

Statins use (n, %) No 161(89.0) 101(95.3) 60(80.0) 10.438 0.001
Yes 20(11.0) 5(4.7) 15(20.0)

Anticoagulant drugs (n, %) No 156(86.2) 99(93.4) 57(76.0) 11.166 0.001
Yes 25(13.8) 7(6.6) 18(24.0)

Notes: *χ2 Non-delirious: patients had no delirium symptom; With SSD: patients only had SSD symptoms. 
Abbreviations: t, t-test; χ2, chi-square test; BMI, body mass index; BI, Barthel Index; MMSE, the Mini-Mental State Examination; COPD, Chronic Obstructive Pulmonary Disease.

Clinical Interventions in Aging 2023:18                                                                                             https://doi.org/10.2147/CIA.S423727                                                                                                                                                                                                                       

DovePress                                                                                                                       
1679

Dovepress                                                                                                                                                             Qian et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Incidence of SSD and POD in Older Patients After Joint Replacement
The results of the present study showed that the incidence of SSD was 41.44%, which was lower than the rate of 68% 
reported in another study of patients who underwent total joint replacement (TJR).24 Meanwhile, 26 out of 181 cases 
(14.36%) were diagnosed with POD, which is comparable to the previous report that 17% of patients developed POD 
after total joint replacement during hospital admission.25 The lower incidence rate of SSD and POD detected in this study 
may have been because some participants accepted hemiarthroplasty or minimally invasive surgery instead of TJR, which 
might decrease the occurrence of SSD or POD after an operation. Besides, a total of 26 (34.67%) patients eventually 
progressed to POD, and all of them progressed from a state of SSD (POD from SSD). According to the available 
literature, about 9.5% of patients have been reported progressed from a state of SSD to full delirium.26 This might be due 
to the differences in diseases, treatment, screening frequency, etc. across the studies. Although SSD is not clinically 
diagnostic, it has currently been considered a prodromal state of full delirium with a particularly high risk for clinical 
delirium. This may also imply an increase in morbidity, length of hospital stays, new-onset dementia, and economic and 
human costs.27,28 Hence, further attention is deserved and early intervention strategies are crucial to reverse the 
progression from SSD to POD.

Table 2 The Risk Factors of Postoperative Subsyndromal 
Delirium

Variables OR 95% CI P-value

Grip strength 0.809 0.718–0.912 0.001

Age 1.111 1.018–1.213 0.018

MMSE score 0.810 0.696–0.942 0.006

Fall history 4.809 1.687–13.705 0.003

Abbreviations: MMSE, the Mini-Mental State Examination; OR, odds ratio; CI, 
Confidence Interval.

Figure 2 ROC curve of male patients.
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The Predictive Value of Grip Strength at the Diagnosis of Postoperative SSD
To the best of our knowledge, this study was probably the first to explore the association between grip strength and SSD 
in patients after joint replacement. Hand grip strength was evidenced as an independent risk factor for postoperative SSD 
in this study (P=0.001), which was similar to those of previous studies. Past research has revealed that grip strength was 
associated with the decline of the aging population’s verbal ability, spatial ability, processing speed, and memory.13 More 
than that, older people with better grip strength were expected to have less incidence of POD and cognitive impairment, 
while lower hand grip strength was significantly associated with the development of total dementia or delirium.15,29 This 
could be due to motor or physical function and certain cognitive functions sharing overlapping neurological processes, or 
even involving similar physiological mechanisms.11 For instance, lower hand grip strength may reflect systemic 
inflammation, which has been linked to cognitive decline such as delirium and dementia.29,30 Correspondingly, grip 
strength testing could be considered a discriminating measurement for neuromuscular function or cognitive decline.14,31 

Given that SSD is a prostate of full delirium and acute brain dysfunction associated with long-term cognitive 
impairment,32 the grip strength could be used as a predictive tool for postoperative SSD in older patients.

In addition to these, the ROC curve analysis revealed that the cut-off point of grip strength was 22.050 kg and 
18.050 kg for males and females, respectively. For the relative study was rare, data from an older Japanese group who 
underwent colorectal cancer surgery were compared. In that study, the cutoff values of grip strength for POD were 
21.8 kg for men and 15.4 kg for women, respectively,15 which were partially in line with the present results. This was 
perhaps because most patients in the current study were people who just needed selective arthroplasties. However, 
patients in the Japanese report all had cancers, and their general conditions were worse than those patients of in this 
study. Based on this, women’s hand grip strength seemed more likely to be affected by their poor physical conditions 
when compared to men. Thus, the cutoff values of the grip strength of female participants in this study were higher than 
the Japanese data, while men’s were more comparable. Nevertheless, grip strength has a significant diagnostic value both 
for men and women, and has the potential to be used as a diagnostic marker for the occurrence of SSD after the 
operation.

Figure 3 ROC curve of female patients.
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Other Risk Factors for SSD in Older Patients Undergo Arthroplasty
A multivariate analysis was conducted to determine the effect of grip strength and other risk factors on the incidence of SSD in 
older patients undergoing arthroplasty. The results revealed that older age, MMSE score, and fall history are also independent 
risk factors for SSD with the exception of grip strength. Similar to delirium, SSD is a common geriatric syndrome with 
a significant negative impact on the health status of older patients.8 The prevalence of SSD was high (36.4%) among older 
adults in hospital or long-term care (LTC) settings with advanced age has been a well-known independent predictor for SSD.33 

In the present study, the average age of the SSD group was relatively high (80.07 ± 8.27 years), almost 10 years older than no 
delirious patients (71.70 ± 4.46 years), which provided strong supporting evidence for previous research.

In parallel, past research has determined that the onset of SSD is often significantly associated with lower cognitive 
function5 and that dementia and cognitive impairment were strong pre-disposing factors for SSD or delirium following 
surgery.34,35 However, patients with severe cognitive impairment were all excluded before surgery in this study. Thus, it can be 
stated that even a mild decline in cognitive level could deteriorate the brain function of older patients who underwent joint 
replacement.36 Additionally, some published reports have indicated that a recent fall history was thought to be one of the most 
frequently occurring risk factors for persons with cognitive impairment like SSD and delirium.24,37 What’s more, the incidence 
of hospital falls varies between 5.71% and 18%,38 and are generally induced by a decline in lower muscle power and decreased 
balance control.39 It is partially in line with the finding as was mentioned above that decreased hand grip strength was a strong 
predictor for postoperative SSD. Concerning falls, unfortunately, more than 30% of inpatient falls result in injuries such as 
bleeding, swelling, and fractures.40 In this study, approximately 57.3% (43 out of 75 cases) of SSD patients experienced 
a history of falls in the last 6 months, contributing to a higher possibility of femoral neck and pelvic fractures. The consequent 
symptoms, such as pain, sedative, trauma, and inflammation could foster the development of SSD and cognition decline.41–43

In addition to these risk factors, other variables, such as pain, low BI score, and chronic alcohol use, are known to 
increase the risk of POD.34,41,44 However, most of the risk factors for delirium were not associated with SSD in the 
present study, it could be relevant to advancements in medical technologies, Chinese traditional attitude toward illness, 
and different healthy habits. For instance, timely analgesia or other analgesic programs have been widely applied to 
relieve acute pain that may reduce the effect of admission pain on SSD.45 Simultaneously, traditional Chinese culture 
insists that patients, especially older patients need more care and attention from their family and society, making most 
patients less preferred to do daily living activities by themselves, which could explain why BI score was not significantly 
associated with SSD. Further, although chronic alcohol use might increase the risk of delirium symptoms, the rate of 
heavy drinking seemed very low among older patients in the current survey. These may partially explain why some 
variables in this study were not risk factors for postoperative SSD.

Limitations
This study has several limitations. Firstly, although the study was conducted in two independent hospitals, it had a limited 
number of patients due to insufficient research staff and a relatively short study period, which may influence the study 
results. Furthermore, according to the inclusion criteria, both hemiarthroplasty and total joint replacement surgery were 
included, resulting in a mixed population of patients. However, the surgical types were not discussed in this study; 
Besides, the perioperative factors included in the current analysis were also restricted, especially the intraoperative 
factors. That may have led to the omission of potentially valuable information. Finally, hospital outcomes, such as 
hospital stays, and postoperative cognition status, were not calculated or assessed in the present study, nor neither long- 
term neurological function outcomes. Nonetheless, the points mentioned above will be considered in a future study and 
the results should be further validated through multicenter studies with larger sample sizes.

Conclusion
This study revealed the incidence of SSD and POD was 41.44% and 14.36% among older adults following joint 
arthroplasty respectively, and nearly 34.67% of SSD patients progressed into POD. Besides, the current study outlined 
the risk factors for the development of SSD, which were lower hand grip strength, older age, declined cognitive function, 
and fall history within 6 months. Moreover, the diagnostic value of hand grip strength was examined and the results 
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showed grip strength could be used as a diagnostic marker for postoperative SSD in aged patients independently. These 
findings indicated the importance of SSD prediction for older patients, providing new ideas for early diagnosis and 
intervention strategies for the occurrence of SSD among older patients following joint replacement surgery.
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