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Abstract

Introduction: Postoperative delirium (POD) is a prevalent and undesirable neurocognitive
consequence that arises following surgery and anesthesia in geriatric adults. Patients
experiencing postoperative delirium may be at increased risk of developing long-term
postoperative cognitive dysfunction and dementia. However, it is still unclear how much
postoperative delirium (POD) affects the likelihood of developing dementia in this patient
population.

Objective: The aim of this study was to examine the association between the occurrence of
postoperative delirium and the development of new-onset dementia within one year in elderly
patients after hip fracture surgery.

Materials and Methods: The study included patients aged 65 and older who underwent surgical
treatment for proximal femur fractures at the University Clinic for Traumatology and
Orthopedics. Patients with pre-existing dementia or cognitive impairment were excluded.
Preoperative cognitive status was evaluated using the Abbreviated Mental Test (AMT-10) and
the Informant Questionnaire on Cognitive Decline in the Elderly — Short Form (IQCODE-SF).
Postoperative delirium was assessed during hospitalization using the Confusion Assessment
Method (CAM). Patients were followed for one year after surgery to identify newly diagnosed
dementia through medical record reviews. Statistical analysis was performed with SPSS version
25.0.

Results: This pilot study involved 91 patients. Postoperative delirium occurred in 30 (32.97%)
of them. At twelve-month follow-up, new-onset dementia was significantly more common in
patients with postoperative delirium compared to those without POD (46.67% vs. 8.2%,
p=0.000022). Multivariate logistic regression analysis showed that postoperative delirium was an
independent predictor of dementia (OR =9.765, 95% CI 2.939-22.452, p < 0.0001).

Conclusion: Postoperative delirium is a risk factor for subsequent dementia after hip fracture
surgery. Elderly hip fracture patients who exhibit POD should be closely monitored for the
development of dementia.
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Introduction

As life expectancy rises and the population ages, the incidence of elderly individuals requiring
emergency and elective procedures is increasing (1). Postoperative delirium (POD) is common in
this group, with incidence rates ranging from 20% to 55% after high-risk procedures such as
vascular, orthopedic, and cardiac surgeries (2-5). Hip fractures are frequent in older adults and
often require emergency surgery. A meta-analysis of 26 studies on postoperative delirium
showed incidence rates ranging from 4.0% to 53.3% in patients with hip fractures and from 3.6%
to 28.3% in elective patients (6). Delirium involves a sudden change in consciousness levels and
attention disturbances that occur quickly. These fluctuations often vary throughout the day and
can be linked to other cognitive issues, such as memory loss or disorientation (7,8).
Postoperative delirium is associated with adverse outcomes, including increased morbidity and
mortality, cognitive and functional decline leading to loss of independence and lower quality of
life, longer hospital stays, institutionalization, and higher healthcare costs. Patients with
postoperative delirium may also risk developing long-term postoperative cognitive dysfunction
and dementia (9,10). Delirium has been identified as a risk factor for dementia (11). Dementia is
a syndrome caused by various diseases that gradually destroy nerve cells and damage the brain,
usually leading to a decline in cognitive functions—such as thinking—that goes beyond normal
aging. While consciousness remains intact, the decline in thought processes is often accompanied
by, or even precedes, changes in mood, emotional control, behavior, or motivation. In 2021, 57
million people worldwide had dementia, and over 60% of them live in low- and middle-income
countries. Nearly 10 million new cases are diagnosed each year (1). The role of postoperative
delirium (POD) in developing dementia among patients with hip fractures remains uncertain.
The aim of this study was to examine the association between the occurrence of postoperative
delirium and the development of new-onset dementia within one year in elderly patients after hip
fracture surgery.

Material and methods

This pilot study included 91 patients aged 65 years and older without pre-existing cognitive
impairment, classified as ASA I, II, or III, who were admitted to the University Clinic for
Traumatology, Orthopedics, Anesthesia, Reanimation, Intensive Care, and Emergency
department — Skopje for the surgical treatment of proximal femur fractures during the period of
two years. Written informed consent was obtained from all patients prior to their inclusion in the
study. Patients with cognitive impairment, dementia or other neurodegenerative diseases, stroke
with residual deficits, use of medications affecting cognitive functions, alcohol and drug abuse,
blindness, deafness, contraindications to spinal anesthesia, and admission to the intensive care
unit were excluded from the study. We assessed pre-existing cognitive impairment using two



validated instruments: the Abreviated Mental State Test (AMT 10) (12,13) and the Cognitive
Decline Information Questionnaire - Short Form (IQCODE - SF) (14). Screening for POD began
immediately after surgery and was monitored throughout the hospital stay with the Confusion
Assessment Method (CAM) (15). Postoperatively, patients were divided into two groups: those
with postoperative delirium and those without. They were monitored for the development of
dementia through medical record reviews for one year after surgery. The diagnosis of dementia
was confirmed by neurology specialists and psychiatrists, who had previously undergone
psychological testing by psychologists. The Ethics Committee of the Faculty of Medicine in
Skopje approved the study. Statistical analysis of the data was performed using SPSS (ver. 25.0;
IBM, SPSS, USA). Shapiro-Wilk's test was used to test the normality of the data distribution.
Categorical (attributive) variables are presented with absolute and relative numbers. Numerical
(quantitative) variables are presented with mean, standard deviation, minimum, and maximum
values. The Fisher's exact test and the chi-square test were used to compare categorical variables,
and the Student t-test was used to compare quantitative variables. Logistic regression analysis
was used to determine the predictive role of postoperative delirium in predicting dementia.
Statistical significance was defined as p<0.05.

Results

This study presents the results of the analysis of samples and data from 91 patients admitted to
the University Clinic for Traumatology, Orthopedics, Anesthesia, Reanimation, Intensive Care,
and Emergency department — Skopje for surgical treatment of proximal femur fractures. The
patients' age and gender distribution of the patients are shown in Table 1. Postoperative delirium
was manifested by 30 (32.97%) patients, and dementia within one year postoperatively was
registered in 19 (20.88%). (Table 1)

Table 1. Patients characteristics

Variable

Gender n(%)

female 77 (84.62)

male 14 (15.38)

Age (years)

(mean + SD) (min — max) | (79.9 = 6.4) (66 —95)
POD n(%) 30(32.97)
Dementia n(%) 19 (20.88)

Patient gender was not significantly associated with the occurrence of postoperative delirium and
dementia (p=0.812 and p=1.0, respectively). (Table 2) The prevalence of postoperative delirium
and dementia was similar in female and male patients (32.47% vs 35.71% and 20.78% vs
21.43%, respectively). (Table 2)



Table 2. Gender distribution - patients with/without POD and with/without dementia

variable gender
n female male p-level
n (%) n (%)
POD yes 30 25(32.47) 5(35.71) X*=0.056
no 61 52 (67.53) 9 (64.29) p=0.812
Dementia | yes 19 16 (20.78) 3(21.43) two-tailed
no 72 61 (79.22) 11 (78.57) p=1.0
total 91 77 14

The age of patients with and without postoperative delirium did not differ significantly (81.1 +
5.1 vs 79.2 £ 6.9 years, p=0.19). (Table 3) Patients with dementia were significantly older than

those without dementia (82.6 + 5.3 vs 79.2 + 6.4 years, p=0.035). (Table 3, Figure 1)

Table 3. Age of patients with/without POD and with/without dementia

variable statistical parameters - age p-level
n mean + SD min — max
POD positive 30 81.1+5.1 73 - 94 t=1.3
negative 61 79.2+6.9 66 — 95 p=0.19
Dementia yes 19 82.6+5.4 73 —94 t=2.14
no 72 79.1+6.4 66 — 95 p=0.0353

Figure 1. Average age — patients with/without dementia




Dementia was significantly more common in patients with postoperative delirium compared to
patients who did not have postoperative delirium (46.67% vs 8.2%, p=0.000022). (Table 4,
Figure 2)



Table 4. POD — patients with/without dementia

variable dementia
n na HE p-level
n (%) n (%)
POD yes 30 14 (46.67) 16 (53.33) X>=18.02
no 61 5(8.20) 56 (91.80) *#%p=0.000022
total 91 19 72
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Figure 2. POD - individuals with or without dementia

Table 5 shows the results of univariate and multivariate logistic regression analysis to determine
the role of POD as an independent predictor of dementia. In the univariate analysis, both age and
postoperative delirium were found to be factors significantly associated with dementia (p=0.04
and p<0.0001). Multivariate analysis confirmed only postoperative delirium as an independent
significant predictor of dementia (p<0.0001). Patients with POD have a 9.765 times greater
chance of developing dementia compared to patients without POD (OR = 9.765 (95% CI
2.939-22.452)).



Table 5. Binary logistic regression analysis to determine the role of POD in the occurrence
of dementia

variable Univariate Multivariate

Discussion

95% CI for Exp 95% CI for
Our findings (B) Exp (B)
support  the p Exp (B) | Lower | Upper |p (B) Lower Up]l
hypothesis age 0.04 1.092 1.004 1.188 0.069 1.101 0.993 1.22
that POD Ref.gr. n
postoperative | 0.000 |98 | 3.065 |21.339 J0.000 [9.765 |[2939 |22

delirium is a risk factor for subsequent dementia after hip fracture surgery. Dementia was
significantly more common in patients with postoperative deliritum compared to patients who did
not have postoperative delirium (46.67% vs 8.2%, p=0.000022). Patients with POD were 9.8
times more likely to develop dementia than patients without POD (OR = 9.765 (95% CI
2.939-22.452)). Recent systematic reviews also find that delirium in older hospitalized patients is
strongly associated with long-term cognitive decline and new-onset dementia, particularly after
hip fracture surgery. A 2020 JAMA Neurology meta-analysis (24 studies, ~10,500 patients)
found that delirium was associated with worse cognitive outcomes at >3 months (Hedges’
2~0.45, OR=2.3) (16). A 2020 meta-analysis in Archives of Gerontology (6 cohort studies, 844
patients) found that postoperative delirium (POD) after hip surgery increased the risk of
dementia approximately 9-fold (OR=8.96, 95%CI 5.34-15.03) (17). A 2021 international
meta-analysis in J. Geriatric Psychiatry (6 studies, older hospitalized patients) reported an almost
12-fold increased odds of new dementia (OR=11.9, 95% CI 7.3-19.6) if delirtum occurs (18).
The largest and most recent review (Ageing 2025) included 253 studies (about 137,000 patients)
and found that delirium increases the odds of dementia incidence by about 5.4 times (OR = 5.37)
and is associated with higher rates of objective cognitive decline (OR =~ 1.58) (19).

It has been hypothesized that delirium is a cause leading to the uncovering or identification of
pre-existing cognitive impairment that was unrecognized or undiagnosed. However, recent
studies indicate that the relationship between delirium and cognitive impairment may be
bidirectional, suggesting that dementia is a strong predictor of delirium, and deliritum may also
have an independent effect on the progression of cognitive decline (20).

Understanding whether delirium merely exposes pre-existing cognitive vulnerability or actively
contributes to neurodegeneration remains a critical clinical and research question. Understanding
this relationship is crucial as the world population ages and more individuals undergo surgery. If
delirium increases the risk of dementia, then preventing and managing delirium becomes more
than an immediate postoperative goal, as it may have long-term implications for patients' quality
of life.

The role of anesthetic management in postoperative cognitive outcomes has also been explored.
Comparative studies of inhalational anesthetics such as desflurane and sevoflurane have



demonstrated differences in recovery characteristics and early cognitive function after general
anesthesia, suggesting that perioperative factors may contribute to the development of
postoperative neurocognitive disorders. In contrast to studies evaluating the effects of general
anesthesia on postoperative cognitive function, patients in our cohort were managed under spinal
anesthesia. This may have minimized the potential impact of anesthetic agents on early
postoperative neurocognitive changes and allowed a clearer assessment of the relationship
between postoperative delirium and subsequent dementia (21).

This study has several limitations, including the relatively small sample size and the
single-center design, which may limit the generalizability of the findings. In addition, dementia
diagnosis during follow-up relied partly on medical record review, which may underestimate the
true incidence. Finally, the one-year follow-up period may not fully reflect long-term cognitive
outcomes in elderly patients after hip fracture surgery.

Conclusion

Postoperative delirium following hip fracture surgery significantly increases the risk of dementia
incidence within one year. Elderly hip fracture patients who present with delirium should be
closely monitored for the development of dementia. More studies are needed to examine the
long-term cognitive consequences of delirium.

Ethics Approval: The study was conducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee for Research Involving Humans, Faculty of Medicine,

Ss. Cyril and Methodius University in Skopje. Approval protocol number: 0905-1270/120

Consent for publication: Written informed consent was obtained from all patients prior to
inclusion in the study.

Conflict of interest: The authors report no financial or personal conflicts of interest.
Funding: This research received no external funding.

Declaration of interest: All authors declare that there is no conflict of interest that could be
perceived as prejudicing the impartiality of the work reported.

Funding: This work did not receive any specific grant from any funding agency in the public,
commercial, or not-for-profit sector.

Author contribution statement: BK drafted the first version of the manuscript. BK and GD
collected data and revised the manuscript. BK and NJ revised the manuscript. BK revised the



manuscript and approved the final version. BK, AGB and NJ designed and performed the study,
acquired and analyzed the data, revised the manuscript and approved the final version.

Use of Artificial Intelligence (AI) tools: The authors declare that no artificial intelligence tools
were used in the preparation of this manuscript.

Acknowledgments: None.
References:

1. World  Health Organization. Ageing and  health. Available from:
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health Accessed October 4 , 2021.
2. Inouye SK, Westendorp RGJ, Saczynski JS. Delirium in elderly people. Lancet
2014;383:911-22

3. Abate SM, Checkole YA, Mantedafro B, et al. Global prevalence and predictors of
postoperative delirtum among non-cardiac surgical patients: a systematic review and
meta-analysis. Int J Surg Open 2021;32:100334.

4. Mosk CA, Mus M, Vroemen JP, et al. Dementia and delirium, the outcomes in elderly hip
fracture patients. Clin Interv Aging 2017;12:421-30.

5. van der Mast RC, Roest FH. Delirium after cardiac surgery: a critical review. J Psychosom
Res. 1996; 41(1):13-30.

6. Bruce AJ, Ritchie CW, Blizard R, et al. The incidence of delirium associated with orthopedic
surgery: a meta-analytic review. Int Psychogeriatr 2007; 19:197-214

7. American Psychiatric Association. Diagnostic and statistical manual of mental disorders
(Dsm-51), 5th ed. Washigton, DC: Amer Psychiatric Pub Inc; 2013.

8. World Health Organization. International Statistical Classification of Diseases and Related
Health Problems 10th Revision. http://apps.who.int/classifications/icd10/browse/2016/en, 2015.
(Accessed 9 December 2015)

9. Witlox J, Eurelings LSM, de Jonghe JFM, Kalisvaart KJ, Eikelenboom P, van Gool WA.
Delirium in elderly patients and the risk of postdischarge mortality, institutionalization, and
dementia: a meta-analysis. JAMA. 2010; 304(4):443-451.

10. Saczynski JS, Marcantonio ER, Quach L, et al. Cognitive trajectories after postoperative
delirium. N Engl J Med 2012;367:30-9.

11. Witlox J, Eurelings LSM, de Jonghe JFM, Kalisvaart KJ, Eikelenboom P, van Gool WA.
Delirium in elderly patients and the risk of postdischarge mortality, institutionalization, and
dementia: a meta-analysis. JAMA. 2010; 304(4):443-451.

12. Hodkinson, HM (1972). "Evaluation of a mental test score for assessment of mental
impairment in the elderly.". Age and Ageing 1 (4): 233-8. PMID 4669880.
http://ageing.oxfordjournals.org/cgi/reprint/1/4/233.



13. Qureshi KN, Hodkinson HM. (1974) Evaluation of a ten-question mental test in the
institutionalized elderly. Age & Ageing. 3, 152—-157

14. Jorm A: The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE): a
review. Int Psychogeriatr 2004;16:275-293.

15. Inouye SK, Kosar CM, Tommet D, et al. The CAM-S, a new scoring system for delirium
severity: Association with clinical outcomes. Ann Intern Med. 2014; 150:526-533.

16. Goldberg TE, Chen C, Wang Y, et al. Association of Delirium With Long-term Cognitive
Decline: A  Meta-analysis. JAMA Neurol. 2020 Nov 1;77(11):1373-1381. doi:
10.1001/jamaneurol.2020.2273. Erratum in: JAMA Neurol. 2020 Nov 1;77(11):1452.

17. Soong Joon Lee, Se Hee Jung, et al. Postoperative delirium after hip surgery is a potential
risk factor for incident dementia: A systematic review and meta-analysis of prospective studies,
13. Archives of Gerontology and Geriatrics 2020; 87:103977,ISSN 0167-4943.

18. Pereira JV, Aung Thein MZ, Nitchingham A, Caplan GA. Delirium in older adults is
associated with development of new dementia: a systematic review and meta-analysis. Int J
Geriatr Psychiatry. 2021 Jul;36(7):993-1003. doi: 10.1002/gps.5508. Epub 2021 Feb 27.

19. Yonas Tesfaye, Courtney R Davis, Melissa J Hull, et al. Long-term clinical outcomes of
delirium after hospital discharge: a systematic review and meta-analysis, Age and Ageing,
Volume 54, Issue 7, July 2025, afaf188, https://doi.org/10.1093/ageing/afaf188

20. E Umoh M, Sharma A, Leoutsakos JS, Lyketsos CG, Inouye SK, Marcantonio ER, et al.
Cognitive Outcomes After Hip Fracture Surgery: The Association of Postoperative Delirium on
Previously Cognitively Normal Older Adults. Am J Geriatr Psychiatry. 2025 Oct
11:S1064-7481(25)00497-X. doi: 10.1016/j.jagp.2025.10.002. Epub ahead of print. PMID:
41203484; PMCID: PMC12670464.

21. Ognjanova Simjanovska V, Shirgoska B, Donev Lj, Angjusev D, Leshi A. Comparison of the
effects of desflurane and sevoflurane on awakening and cognitive function after general
anesthesia. MJA; Vol. 8, No. 2, pp. 38-44.



https://doi.org/10.1093/ageing/afaf188

	 
	Acknowledgments: None. 

