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Abstract

Background: Despite the rising global burden of mental disorders, their impact on complication risk following hip fracture surgery remains
unclear. We examined reoperation and mortality risks after hip fracture surgery, investigating patients with and without moderate to severe
mental disorders.

Methods: Using a nationwide cohort design, we identified patients undergoing hip fracture surgery from the Danish Multidisciplinary Hip
Fracture Register. Mental disorders (including organic disorders (dementia), substance use, schizophrenia, mood disorders, and neurotic disor
ders) and reoperations were determined using diagnosis and procedure codes in the Danish National Patient Registry. We estimated reoperation
and mortality risk with adjusted hazard ratios and 95% confidence intervals (Cls), comparing each mental disorder to no mental disorder while
accounting for death as a competing risk.

Results: Among 110 625 hip fracture patients from 2004 to 2021, 15 254 (14%) had a mental disorder. The 30-day adjusted hazard ratios for
reoperation ranged from 1.05 (Cl: 0.9-1.2) for dementia to 1.67 (Cl: 1.3-2.1) for substance use. The 365-day adjusted hazard ratios for reoperation
ranged from 0.92 (Cl: 0.9-1.0) for dementia to 1.37 (Cl: 1.2-1.5) for neurotic disorders. Patients with mental disorders had an increased adjusted
hazard ratio for mortality at both 30-day and 365-day follow-up compared to patients without mental disorders, with the most pronounced risk
observed among patients with dementia.

Conclusions: The risk of reoperation and mortality following hip fracture surgery was significantly higher in patients with moderate to severe
mental disorders compared to those without. These findings emphasize the need for targeted prevention strategies to reduce reoperation risk
and mortality.
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Hip fractures are a significant global public health concern
(1). The 30-day mortality after hip fracture is almost 10%,
and 30% develop postoperative complications within the
first month (2), contributing to increased mortality (3,4).
Reoperation is a frequent surgical complication following hip
fracture surgery, occurring in approximately 10% of patients
within 1 year and 15% within § years (5-7).

Previous research has addressed various risk factors for
reoperation and mortality after hip fracture surgery, but
little attention has been given to mental disorders. The global
burden of mental disorders is increasing (8-10), and a clear
association between mental disorders and somatic comor-
bidities has been reported (11,12). Mental disorders are, in
general, associated with disability (13), an 8-11 year decrease
in life expectancy (11,12), and excess healthcare costs (14).

According to a meta-analysis, both depression and cogni-
tive impairment are highly prevalent comorbidities among
patients with hip fracture (10).

Current evidence indicates that dementia is associated with
several adverse outcomes, including increased 30-day mortal-
ity and higher risk of infection (15,16). Only one study has
examined cognitively impaired hip fracture patients and found
an increased reoperation risk after hemiarthroplasty (17).
Similarly, medically treated depression appears to be linked to
a higher reoperation risk (18). To date, no studies have exam-
ined the impact of other mental disorders, such as substance
use disorders, schizophrenia, mood disorders, or neurotic dis-
orders, on reoperation risk or mortality after hip fracture.

Available studies about mental disorders and reoperation,
and to some extent mortality after hip fracture surgery, are
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limited by statistical power, lack of detailed clinical data on
specific mental disorders, and methodological challenges.
Reducing reoperation risk and mortality requires early iden-
tification of high-risk patients to inform multidisciplinary,
stratified pre- and postoperative care, with a particular focus
on mental disorders.

Using national health registries, we investigated the risks
of reoperation and mortality after hip fracture surgery, inves-
tigating patients with and without a history of moderate to
severe mental disorders, including dementia, substance use,
schizophrenia, mood disorders, and neurotic disorders.

Method and Materials

Study Design and Setting

We conducted a population-based cohort study using Danish
medical registries. In Denmark (population ~5.9 million in
2023), all hip fractures, complications, and reoperations
are treated at public hospitals within a universal tax-funded
healthcare system (19).

Data Sources

The Danish Civil Registration System specifies a unique iden-
tification number enabling linkage of medical registries on an
individual level, along with tracking of vital status, emigra-
tion, immigration, marital, and cohabitation status (20).

The Danish Multidisciplinary Hip Fracture Registry
(DMHFR) contains patient- and surgery-related data of
patients aged 65 years and older undergoing surgery for a
first-time hip fracture and the care they received during their
acute hospital stay since 2004 (21,22). The DMHFR registra-
tion is mandatory for all Danish hospitals, and the positive
predictive value (PPV) for the recorded hip fracture events in
the DMHER is 100% (22).

The Danish National Patient Registry (DNPR) has recorded
discharge dates, diagnosis codes, and surgical procedure codes
since 1977 from all hospitalizations and contacts from all
outpatient clinics and all emergency departments since 1995
(23). The DNPR is linked to DMHFR and was additionally
used to identify specific somatic comorbidities, in-hospital
treatments, and surgical procedures performed (23).

The Danish Psychiatric Central Research Register (DPCRR)
was established in 1969 and contains data on all psychiatric
hospital admissions from 1969 and outpatient contact from
1995. DPCRR was used to identify patients with mental dis-
orders (24).

Data on patients’ level of education were included by link-
ing The Denmark Statistics Registries, where the National
Population Education Register holds data on all and highest
achieved education for all Danish citizens routinely collected
since the 1970s (235).

Study Cohort
Using the DMHFR, we identified a cohort of 110 625 patients
with first-time unilateral hip fracture, aged > 65, and treated

surgically with internal fixation or hemi/total-arthroplasty
between January 2004 and November 2021.

Moderate to Severe Mental Disorders

In Denmark, moderate to severe mental disorders are treated
in hospitals, while milder cases are managed in primary care.
Patients without hospital contact and those treated only in

primary care by general practitioners with solely pharmaco-
logical management were not considered to have moderate to
severe mental disorders. This approach, along with existing
literature, guided our definition of mental disorders (19,26).
Thus, we defined moderate to severe mental disorders as at
least 1 in-patient or outpatient hospital contact registered
in DPCRR with an ICD-10 code for mental and behavioral
disorders: FOO-F98 (Appendix Table A) within 10 years pre-
ceding the first hip fracture surgery. Subsequently, we clas-
sified mental disorders into the following 5 categories: (a)
organic mental disorders (dementia), (b) mental disorders
due to substance use, (c) schizophrenia, schizotypal, and
delusional disorders, (d) mood (affective) disorders, and (e)
neurotic, stress-related, and somatoform disorders.

Reoperation and Mortality

The primary outcomes were hospitalization due to any reop-
eration defined as new surgery or any form of hip-associated
surgical intervention within the first 30 and 365 days fol-
lowing the index surgery. Reoperations were based on The
Danish Clinical Quality Program—National Clinical Reg-
istries designed to benchmark hospital performance and
support quality improvement initiatives. Only the first reoper-
ation was included and identified using the NOMESCO clas-
sification of surgical procedure codes in the DNPR (Appendix
Table B). The secondary outcome was mortality.

Covariates

The following variables at the date of admission for hip frac-
ture were included:

e Patient sex and age (in categories 65-74 years, 75-84
years, 85-94 years, and > 95 years) from the Danish Civil
Registration System.

® Year of surgery (in categories 2004-2008, 2009-2013,
2014-2018, and 2019-2022), surgery delay (in hours),
body mass index (BMI; in categories underweight
(< 19), normal weight (19-24.9), overweight (25-29.9),
obese (> 30), outliers (BMI < 10 or > 50), or missing
data), fracture type based on ICD-10 diagnosis codes
(§72.0 femoral neck, S72.1 pertrochanteric, and $72.2
subtrochanteric), and surgery type using NOMESCO
codes (osteosynthesis [NFJ] and arthroplasty [hemi or
total; NFB]) were collected from DMHFR (Appendix
Table B).

e Length of hospital stay was obtained from DNPR.

e Comorbidities were identified using ICD-10 diagnosis
codes from the DNPR, following a previously published
study on hip fracture patients (27). This study defined 27
comorbidities with a prevalence exceeding 1% to ensure
clinical relevance. Comorbidities were assessed over
the 10 years preceding the initial hip fracture surgery
and classified into 5 categories: cardiovascular, malig-
nancy, metabolic, pulmonary, and renal/hematological
(Appendix Table C).

e The highest achieved education was retrieved from the
Denmark Statistics and categorized as low (primary and
lower secondary education), medium (upper secondary
education and academy progression program education),
high (professional or nonacademic bachelor’s degree
and university degree [bachelor’s, master’s, or doctoral
degree]), or missing data.
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e Living situation was obtained by combining marital and
cohabitation status from the Danish Civil Registration
System with data on housing conditions from the
DMHER. Information on housing conditions was avail-
able from 2010 onwards.

Statistical Analysis

The presence of mental disorders tabulated the characteris-
tics of the study population. All patients were followed from
the date of hip fracture surgery and up to 1 year after index
surgery or until reoperation, death, migration, or December
31, 2022, whichever came first. We computed the cumulative
incidence of reoperation, treating death as a competing risk
and cumulative mortality.

Mental disorders were identified on an individual level and
treated as time-varying factors, in line with current literature
(28,29). Individuals with multiple disorders were classified as
exposed to each disorder, with the timing of exposure deter-
mined by the date of hospital contact for each condition (28).

Crude and adjusted hazard ratios (HRs) with correspond-
ing 95% confidence intervals (Cls) were computed on the
entire cohort using Cox proportional regression analysis
comparing patients with specific mental disorders. In cases
of patients with competing events of death, they were cen-
sored and only contributed to risk time while alive and at risk
of reoperation. HRs were adjusted for age, sex, and year of
surgery, as these were considered potential confounders using
directed acyclic graphs. The assumption of proportionality in
the Cox models was evaluated by a log(-log) plot and found
to be fulfilled. In this study, HR was interpreted as a relative
instantaneous risk (30).

Additional Analysis

To investigate potential differences in reoperation distribu-
tion between the groups, we performed an additional analysis
including only major reoperations. This redefinition excluded
NFH20 (reduction of dislocated prosthesis) and NFU49
(removal of osteosynthesis material) when combined with
T84.1 (mechanical complication of internal fixation device) if
the NFU49 occurred beyond 6 months after the index surgery.

In addition, we repeated the analysis with a 2-year follow-up
to assess our findings’ robustness and further explore the
impact of mortality as a competing event.

We compared the entire cohort analysis to a complete-case
analysis, which included only cases without missing data on
patient characteristics. Specifically, we examined reoperation
rates while accounting for patients with missing laterality in
supplementary surgical codes to assess the potential impact of
laterality misclassification on the study findings.

We evaluated residual confounding by comorbidity and
socioeconomic position, as HRs for reoperation were calcu-
lated while further adjusting for somatic disease categories,
BMI, education, and living situation.

Ethical Approval

The study was reported to the Danish Data Protection Agency
through Aarhus University (Record number AU-2016-051-
000001, sequential number 880). Registry-based studies in
Denmark do not require specific consent or approval by the

ethics committee. The analysis was performed using R soft-
ware (V. 4.3.2 2023-10-31). This paper follows the STROBE

(Strengthening the Reporting of Observational Studies in Epi-
demiology) guidelines for cohort studies.

Results

Characteristics of the Study Cohort

We identified 110 625 patients who underwent hip fracture
surgery, of which 15 254 patients (14%) were diagnosed with
a moderate to severe mental disorder. The most common
mental disorders were dementia (9%), mood/affective (4%),
neurotic disorders (1.8%), substance use (1.2%), and schizo-
phrenia (1.1%).

Patients with and without moderate to severe mental dis-
orders exhibited similar distributions in sex, age, and surgery
delay time. However, patients with dementia disorders typi-
cally had shorter hospital stays, while those with substance
use were predominantly younger males.

The distributions of BMI categories, education level,
fracture type, and somatic comorbidities were similar in
patients with and without moderate to severe mental disor-
ders. Only minor differences were observed between specific
mental disorders (Tables 1 and 2). However, patients with
mental disorders were more likely to be divorced or wid-
owed and living in a nursing home than patients without
mental disorders. Both patients with and without mental
disorders were more commonly treated with osteosynthesis
than arthroplasty. Osteosynthesis was particularly frequent
in patients with mental disorders related to substance use
(Supplementary Table 1).

Reoperation

During the initial 30 days postsurgery, the cumulative inci-
dence of reoperations was 3.7 % for patients without a history
of moderate to severe mental disorders. At 365 days post-
surgery, the cumulative incidence of reoperation increased to
10.3% (Table 3, Figure 1).

Within the first 30 days postsurgery, the highest cumula-
tive incidences of reoperation were among patients with sub-
stance use (6.1%), schizophrenia-related (4.7%), and mood/
affective disorders (4.6%). At 365 days postsurgery, the high-
est cumulative reoperation incidences were observed among
patients with substance use (15%) and neurotic-related disor-
ders (14 %; Figure 1).

The 30-day adjusted HRs for reoperation varied from 1.05
(95% CI 0.9-1.2) for patients with dementia to 1.67 (95%
CI 1.3-2.1) for patients with substance use disorders (Table 3,
Figure 2). The 365-day adjusted HRs for reoperation varied
from 0.92 (95% CI 0.9-1.0) for dementia to 1.37 (95% CI
1.2-1.5) for neurotic-related disorders (Table 3, Figure 2).

Finally, further results revealed that patients with a history
of moderate to severe mental disorders underwent similar
types of reoperations at various time points as those without
mental disorders (Supplementary Figure 1).

Mortality

The 30-day mortality was 9% (95% CI: 9-10) for patients
without a history of moderate to severe mental disorders. The
highest cumulative incidence of mortality was among patients
with dementia (17.8 %), while the lowest was observed among
patients with mental disorders due to substance use (7.8%).
A similar trend was observed for 365-day mortality, with
the highest mortality among patients with dementia and the
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Table 1. Characteristics of the Study Population, Stratified by Mental Disorder

Mental Disorder No Mental Organic Mental Disorders  Schizophrenia, Mood (Affective)  Neurotic, Stress-related
Disorder Mental due to Substance  Schizotypal and Disorders and Somatoform
Disorders Use Delusional Disorders Disorders
ICD-10 n/a FO00-F09 F10-F19 F20-F29 F30-F39 F40-F48
Sex
Female 66 354 (70%) 7155 (73%) 754 (58%) 932 (74%) 3451 (77%) 1489 (75%)
Male 29017 (30%) 2602 (27%) 548 (42%) 323 (26%) 1013 (23%) 485 (25%)
Age
65-74 years 19 811 (21%) 815 (8%) 757 (58%) 437 (35%) 1033 (23%) 687 (35%)
75-84 years 36 697 (38%) 4008 (41%) 401 (31%) 456 (36%) 1900 (43%) 790 (40%)
85-94 years 34168 (36%) 4575(47%) 134 (10%) 325 (26%) 1414 (32%) 454 (23%)
> 95 years 4695 (5%) 359 (4%) 0 (1%) 7 (3%) 117 2%) 3(2%)
Median, years 83 85 73 79 82 79
(IQR) (76, 89) (81, 89) (69, 79) (72, 86) (76, 87) (72, 85)
Year of Surgery year
2004-2008 27060 (29%) 2950 (30%) 338 (26%) 370 (30%) 1491 (33%) 502 (25%)
2009-2013 26 760 (28%) 2869 (29%) 385 (29%) 372 (30%) 1361 (30%) 509 (26%)
2014-2018 25979 (27%) 2 674 (28%) 386 (30%) 332 (26%) 1095 (25%) 635 (32%)
2019-2022 15572 (16%) 1264 (13%) 193 (15%) 181 (14%) 517 (12%) 328 (17%)
Fracture type
Femoral neck 52308 (55%) 5313 (54%) 720 (55%) 755 (60%) 2523 (57%) 1151 (58%)
Pertrochanteric 36 464 (38%) 3807 (39%) 496 (38%) 415 (33%) 1665 (37%) 706 (36%)
Subtrochanteric 6599 (7%) 637 (7%) 6 (7%) 5(7%) 276 (6%) 117 (6%)
Surgery type
Arthroplasty 31092 (33%) 3062 (31%) 358 (28%) 427 (34%) 1438 (32%) 680 (35%)
Osteosynthesis 64279 (67%) 6695 (69%) 944 (72%) 828 (66%) 3026 (68%) 1294 (65%)
Surgery delay
Median, hours 27 24 29 26 27 27
(IQR) (26,27) (24, 25) (25, 33) (24,27) (25,28) (24,29)
Hospital stay
Median, days 10.6 6.9 9.8 9.2 9.9 10.3
(IQR) (10.6,10.7)  (6.8,7.0) (9.2,10.3) (8.6, 9.8) (9.6,10.1) (9.8,10.7)
BMI category*
<19 5284 (6%) 467 (5%) 5(6%) 2 (5%) 220 (5%) 132 (6%)
19-24.9 27313 (28%) 2736 (28%) 382 (30%) 310 (25%) 1139 (25%) 542 (28%)
25-29.9 14107 (15%) 1209 (12%) 156 (12%) 159 (13%) 570 (13%) 289 (15%)
>30 4561 (5%) 251 (3%) 2 (4%) 9 (5%) 181 (4%) 105 (5%)
<10 or > 50 132 (0%) 8 (0%) 0 (0%) 0 (0%) 7 (0%) 0 (0%)
Missing 43974 (46%) 5086 (52%) 627 (48%) 655 (52%) 2347 (53%) 906 (46%)
Education level
Low 44275 (46%) 4715 (48%) 514 (40%) 669 (53%) 2117 (47%) 940 (47%)
Medium 25038 (26%) 2317 (24%) 519 (40%) 300 (24%) 1166 (26%) 649 (33%)
High 9211 (10%) 815 (8%) 190(14%) 9 (8%) 469 (11%) 195 (10%)
None or missing 16 847 (18%) 1910 (20%) 79 (6%) 187 (15%) 712 (16%) 190 (10%)
Marital status
Married 30277 (32%) 2641 (27%) 319 (24%) 163 (13%) 1100 (25%) 492 (25%)
Divorced 10668 (11%) 1051 (11%) 452 (35%) 326 (26%) 738 (16%) 457 (23%)
Widowed 48 330 (50%) 5616 (57%) 391 (30%) 466 (37%) 2 344 (53%) 887 (45%)
Never married 6096 (7%) 449 (5%) 140 (11%) 300 (24%) 282 (6%) 138 (7%)
Living situation*
Home, cohabitation 18 311 (19%) 685 (7%) 154 (12%) 0 (5%) 471 (11%) 270 (13%)
Home, alone 24 667 (26%) 825 (9%) 311 (24%) 222 (18%) 868 (19%) 505 (26%)
Nursing home 11347 (12%) 4018 (41%) 302 (23%) 416 (33%) 1027 (23%) 432 (22%)
Other or missing 41 046 (43%) 4229 (43%) 535 (41%) 557 (44%) 2098 (47%) 767 (39%)

Note: BMI = body mass index; IQR =

interquartile range.
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Table 2. Comorbidities of the Study Population, Stratified by Mental Disorder

Mental Disorder No Mental Organic Mental Mental Disorders  Schizophrenia, Mood Neurotic, Stress-related

Disorder Disorders due to Schizotypal and (Affective)  and Somatoform
Substance Use Delusional Disorders Disorders  Disorders

ICD-10 n/a FO0-F09 F10-F19 F20-F29 F30-F39 F40-F48

Cardiovascular

Cerebrovascular diseases 17 630 (19%) 1900 (20%) 286 (22%) 220 (18%) 927 (21%) 1900 (20%)

Heart arrhythmia 18 678 (20%) 1 748 (18%) 195 (15%) 175 (14%) 745 (17%) 1748 (18%)

Heart failure 9162 (10%) 671 (6%) 106 (8%) 106 (9%) 393 (9%) 671 (7%)

Myocardial infarction 5253 (6%) 479 (5%) 5(4%) 4 (4%) 234 (5%) 479 (5%)

Peripheral vascular 8 118 (9%) 562 (6%) 110 (9%) 1(6%) 315 (7%) 562 (6%)

diseases

Valvular heart disease 5811 (6%) 508 (5%) 39 (3%) 53 (4%) 248 (6%) 508 (5%)

Malignancy

Any solid tumor 15452 (16%) 1162 (12%) 198 (15%) 132 (11%) 641 (14%) 293 (15%)

Hematologic cancer 1452 (2%) 4 (1%) 0(1%) 8 (1%) 1(1%) 7 (1%)

Metastatic solid tumor 1712 (2%) 61 (1%) 18 (1%) 10 (1%) 69 (2%) 26 (1%)

Metabolic

Diabetes, complicated 4742 (5%) 383 (4%) 78 (6%) 59 (5%) 193 (4%) 122 (6%)

Diabetes, uncomplicated 8617 (9%) 762 (8%) 139 (11%) 123 (10%) 376 (8%) 203 (10%)

Pulmonary

Chronic pulmonary 12 315 (13%) 896 (9%) 287 (22%) 175 (14%) 708 (16%) 371 (19%)

diseases

Pulmonary circulation 2175 (2%) 160 (2%) 2 (3%) 3(3%) 115 (3%) 0(3%)

disorders

Renal/hematological

Anemia 10462 (11%) 1061 (11%) 216 (17%) 130 (10%) 617 (14%) 317 (16%)

Fluid and electrolyte 11926 (13%) 1658 (17%) 334 (26%) 261 (21%) 985 (22%) 497 (25%)

disorders

Hypertension 29483 (31%) 2685 (28%) 341 (26%) 286 (23%) 1408 (32%) 712 (36%)

Hypotension 2027 (2%) 217 (2%) 47 (4%) 30 (2%) 177 (4%) 89 (5%)

Notes: Values are 7 (%) unless otherwise specified. Organic mental disorders (dementia). Comorbidities are measured by prevalence within 10 years prior
to hip fracture surgery and collected at baseline. Values are 7 (%) unless otherwise specified. Organic mental disorders (dementia). Mental disorders are
measured by prevalence within 10 years prior to hip fracture surgery and collected at baseline. BMI = body mass index; ICD = International Classification

of Diseases; IQR = interquartile range; n/a = not applicable.

‘Data on living situation and BMI have been recorded in registries since 2010 and 2016, respectively.

lowest among those with substance use and neurotic-related
mental disorders (Table 3). However, the regression model
with adjustments for age, sex, and year of surgery showed that
all types of mental disorders were associated with increased
30-day and 365-day mortality (Table 3).

Further analyses stratified on age, sex, and year of surgery
confirmed the same association as our overall findings (data
not shown).

Additional Analysis

Restricting the outcome to major reoperations, the cumula-
tive incidences decreased as expected. However, crude and
adjusted HRs showed minimal to no differences compared to
the primary analysis (Supplementary Table 2).

Extending the follow-up period to 2 years, we observed a
marked increase in mortality, while reoperation risk remained
unchanged.

The risk estimates were similar for entire cohort versus
complete-case populations.

Analysis of laterality revealed minimal to no discrepancies
between first surgery and reoperation surgery, indicating that
missing laterality data is random. Adjusting for comorbidity

and socioeconomic position revealed minimal or no discrep-
ancies in the 30-day and 365-day adjusted HRs for reopera-
tion and mortality.

Discussion

Based on the cohort of 110 6235 hip fracture surgery patients,
we found that moderate to severe mental disorders were asso-
ciated with an increased risk of reoperation and mortality up
to 1 year after surgery, regardless of age, sex, and year of sur-
gery. Patients with and without a history of mental disorders
underwent similar types of surgery for the first hip fracture
and encountered identical kinds of reoperation. Patients with
dementia exhibited significantly higher mortality than other
groups. When evaluating outcomes in old and frail hip frac-
ture patients, irrespective of mental disorder status, careful
methodological considerations are required to account for the
high competing mortality risk.

Comparison to Existing Research

Kristoffersen et al. (17) reported that cognitively impaired
hip fracture patients in Norway had a 1-year reoperation rate
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Table 3. Cumulative Incidences and Hazard Ratios for Reoperation and Mortality, Stratified by Mental Disorder

Mental Disorder No Mental Organic Mental Schizophrenia, Mood Neurotic, Stress-related
Disorder Mental Disorders due Schizotypal (Affective) and Somatoform
Disorders to Substance  and Delusional Disorders Disorders
Use Disorders
ICD-10 n/a FO0-F09 F10-F19 F20-F29 F30-F39 F40-F48
No. at risk 95 371 9757 1302 1255 4 464 1974
30-day reoperation
No. of reoperations 3534 373 80 59 207 119
Cumulative incidence reoperation’, % 3.7 3.8 6.1 4.7 4.6 3.7
(3.6-3.8) (3.5-4.2) (4.9-7.5) (3.6-6) (4-5.3) (3.6-3.9)
Crude HR, any reoperation Ref 1.06 1.63 1.26 1.25 1.62
(1.0-1.2) (1.3-2.0) (1.0-1.6) (1.1-1.4) (1.4-1.9)
Adjusted HR™", any reoperation Ref 1.05 1.67 1.24 1.22 1.63
(0.9-1.2) (1.3-2.1) (1.0-1.6) (1.1-1.4) (1.4-2.0)
365-day reoperation
No. of reoperations 9791 795 155 195 550 285
Cumulative incidence reoperation®, % 10.3 8.1 15 12.4 12.3 14.4
(10.1-10.5)  (7.6-8.7) (13.1-17) (10.6-14.2)  (11.4-13.3)  (12.9-16)
Crude HR, any reoperation Ref 0.90 1.48 1.25 1.25 1.44
(0.8-1.0) (1.3-1.7) (1.1-1.5) (1.2-1.4) (1.3-1.6)
Adjusted HR™, any reoperation Ref 0.92 1.3 1.17 1.19 1.37
(0.9-1.0) (1.1-1.5) (1.0-1.4) (1.1-1.3) (1.2-1.5)
30-day mortality
No. of deaths 8908 1740 101 131 495 176
Cumulative mortality 9.3 17.8 7.8 10.4 11.1 8.9
rate, % (9.2-9.5) (17.1-18.6) (6.4-9.3) (8.8-12.2) (10.2-12.0) (7.7-10.2)
Crude HR, Ref 1.58 0.78 0.96 1.01 0.86
mortality (1.5-1.7) (0.7-0.9) (0.8-1.1) (0.9-1.1) (0.8-1.0)
Adjusted HR™, mortality Ref 1.57 1.15 1.21 1.22 1.1
(1.5-1.7) (1.0-1.4) (1.0-1.4) (1.1-1.3) (1.0-1.3)
365-day mortality
No. of deaths 23372 4098 293 355 1221 464
Cumulative mortality rate, % 24.5 42 22.5 28.3 27.4 23.5
(24.2-24.8)  (41.0-43.0)  (20.3-24.8)  (25.8-30.8)  (26.1-28.7)  (21.7-25.4)
Crude HR, mortality Ref 1.53 0.85 1.02 0.98 0.9
(1.5-1.6) (0.8-0.9) (0.9-1.1) (0.9-1.0) (0.8-1.0)
Adjusted HR™, mortality Ref 1.51 1.12 1.21 1.13 1.06
(1.5-1.6) (1.0-1.3) (1.1-1.3) (1.1-1.2) (1.0-1.2)

Notes: Values are 7 (95% CI) unless otherwise specified. Organic mental disorders (dementia). CI = confidence interval; HR = hazard ratio; No. = number;

Ref = reference.

"‘Cumulative incidence for any reoperation treating death as a competing risk.

“Adjusted by age, sex, and year of surgery.

of 4.2% and a mortality rate of 38%, compared to 7.5%
and 23%, respectively, in the overall cohort. In our study,
the 1-year mortality risk among hip fracture patients with
dementia was significantly higher than that reported in the
Norwegian study. Differences in exposure definition are likely
to explain this discrepancy; Kristoffersen et al. (17) identified
cognitive impairment based on surgeons’ bedside evaluations
(31), likely capturing also milder cases and delirium, whereas
we used ICD-10 codes for dementia in the DPCRR, primar-
ily identifying moderate to severe cases. Consistent with their
findings, we observed an increased risk of reoperation at 30
days but slightly reduced at 365 days, which highlights the
substantial impact of high mortality among patients with
dementia, suggesting that these patients require different
management both in clinical practice and in research. How-
ever, in contrast to their conclusion of no increased risk of
revision for any cause in cognitively impaired patients, we

observed a higher 30-day risk of reoperation for any cause in
patients with dementia compared to those without.

Gadgaard et al. (27) reported an elevated infection risk,
including surgical infections, among hip fracture patients with
dementia, alcohol use, and depression/anxiety at 30 days. Our
findings support this association and highlight an increased
risk of reoperations from all causes in these patient groups.
Compared to Gadgaard et al. (27), who primarily focused
on overall infection risks such as pneumonia, we specifically
investigated the risk of reoperations of any cause, including
surgical site infections. Additionally, our study included a
broader range of moderate to severe mental disorders, such
as substance use, schizophrenia, and mood disorders.

Clinical Implications

Patients with mental disorders often have comorbidities, both
diagnosed and undiagnosed, that may complicate recovery
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Figure 1. Cumulative incidence curves for any reoperation at 365-day
follow-up, stratified by mental disorder. Number of patients at risk at 0, 30,
90, 180, and 365 days of follow-up. Organic mental disorders (dementia).
Cumulative incidence for any reoperation, treating death as a competing risk.

30 days reoperation outcome:
Mental disorders
CD-10 Outcome IR (95% CI
No.
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Organic mental disorders F00-F09 373 —t— 1.05(0.9-1.2)
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Figure 2. Forest plot of adjusted hazard ratios for any reoperation

at 30-day and 365-day follow-up, stratified by mental disorder.

aHR is adjusted by age, sex, and year of surgery. Organic mental
disorders (dementia). aHR = adjusted hazard ratio; ICD = International
Classification of Diseases; Cl = confidence interval; n/a = not applicable;
No. = number; Ref = reference.

and elevate reoperation and mortality risks. For example,
schizophrenia is a known predictor of mortality (32), while
depression and other mood disorders are strongly associated
with aging-related comorbidities (33-35). Nonetheless, even
after adjusting for comorbidities, mental disorders remained
an independent risk factor in our study.

Other lifestyle factors such as smoking, lack of sleep,
reduced physical activity, and poor diet are more prevalent
among individuals with mental disorders. They may poten-
tially account for the heightened susceptibility to adverse out-
comes (36-38). Although these factors could induce residual
confounding, they could also act as potential mediators, and
adjusting for them might inadvertently remove important
effects as they may lie on the causal pathway.

Patients with mental disorders often have lower health lit-
eracy, which can affect a patient’s ability to adhere to postop-
erative care instructions and medical advice (39), potentially
leading to complications such as infection, delayed healing,
and an increased risk of adverse postoperative outcomes (27).

Patients with mental disorders often have a limited social
support network and lower socioeconomic status, which may
potentially lead to inadequate postoperative care and support
(40). It has been shown that hip fracture patients with mild
depression receive a similar quality of in-hospital treatment as
patients without (18), even though healthcare professionals
tend to delay surgeries for frail patients and exhibit some hes-
itancy towards those with mental disorders. Thus, to prevent
reoperation, the focus should be on home care after discharge
as patients with mental disorders might often fail to recognize
complications or cannot address them.

Our findings may contribute to innovative ways of moni-
toring and treating patients with mental disorders by provid-
ing a stratified approach and personalized-based optimization
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of the clinical pathway both before and after surgery and
influencing the planning of future randomized clinical trials.
Tailored interventions may benefit high-risk patients, including
patient-specific programs and early home-based care, which
could be beneficial for high-risk patients (41). Considering the
strong link between reoperation and mental disorders, devel-
oping patient-specific guidelines and enhancing patient and
family counseling during decision-making that accounts for
mental disorders could potentially reduce reoperation risk.

Strengths and Limitations

This is the largest hip fracture study to date, providing a
detailed analysis of reoperation and mortality causes, specifi-
cally in patients with mental disorders.

Due to a reimbursement-based system, all hip frac-
ture patients in Denmark are mandatorily registered to the
DMHEFR at public hospitals. The PPV for the recorded hip
fracture events in the DMHFR is 100% (22). In Denmark,
nearly all hip fractures are treated surgically, including pallia-
tive procedures, as part of standard care. Using the DMHFR,
we restricted our study to surgically treated patients. Previous
studies have shown that fewer than 1% of hip fracture cases
receive nonsurgical management in Denmark (2), though the
proportion of patients with mental disorders in this group
remains uncertain.

We obtained detailed information on mental disorders
based on hospital diagnoses. The PPV in the DPCRR ranges
from 58% (acute stress reaction) to 97.5% (schizophre-
nia) (42-44), reflecting the nature of mental disorders (29).
Information is routinely collected irrespective of hip fracture
or potential reoperation, minimizing the risk of differential
misclassification. Using diagnosis codes for mental disorders
may provide a more standardized and objective measure for
research reproducibility. Our study did not include data from
general practitioners because they do not record ICD diag-
noses in available registries (19). As a result, our estimated
prevalence of mental disorders does not account for milder
cases or individuals treated solely in primary care, including
patients managed exclusively by general practitioners with
pharmacological treatment (28,45). In terms of generalizabil-
ity, our findings primarily apply to patients with moderate to
severe mental disorders.

Multiple mental disorders are associated with early and
excess mortality (11,29). Given that patients with hip frac-
tures are typically older, our results may be influenced by a
“healthy survivor bias” (46).

Recorded reoperations in other Scandinavian countries
have been observed to be less complete than primary hip frac-
ture reporting (47). We can reasonably assume similar pat-
terns in Danish registries (21). However, no evidence suggests
that reoperation reporting is differentiated based on patients’
mental disorders.

Comorbidities were assessed using ICD-10 codes in the
DNPR. The validity has been evaluated previously using
various population samples and study settings. The reported
PPVs in the DNPR range from 82% to 100%, thus indicating
high data quality (48).

Conclusion

Patients with mental disorders due to substance use,
schizophrenia-related, mood/affective, and neurotic-related
disorders rather than without have an increased reoperation

risk in the year after hip fracture surgery, regardless of age,
sex, and year of surgery. Mortality was significantly higher
for patients with mental disorders, particularly for those with
dementia. These findings highlight the need for targeted pre-
vention strategies and provide a useful model for studying the
impact of moderate to severe mental disorders on acute injury
outcomes, emphasizing the importance of addressing these
disorders in both clinical practice and research.
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Gerontology, Series A: Biological Sciences and Medical
Sciences online.
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