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Purpose: We examined the association between socioeconomic position (SEP) and risk of any infection after surgery for hip fracture, 
and whether markers of poor health modify this.
Methods: Individual-level data on SEP markers (education, liquid assets, marital status, and cohabitation) were obtained from Danish 
registries for hip fracture patients undergoing surgery (2010–2018). We computed cumulative incidences of any hospital-treated 
infection within one month after surgery. Using Cox regression we estimated adjusted hazard ratios (aHRs) with 95% confidence 
intervals. Analyses were stratified by comorbidity clusters based on latent class analysis, body mass index (BMI), pre-fracture 
mobility, and residence type.
Results: The incidences of infection were: 17% for low vs 16% for high education (aHR 1.10, 1.02–1.18), 19% for low vs 16% for 
high liquid assets (aHR 1.21, 1.15–1.28), 18% for divorced vs 16% for married (aHR 1.24, 1.15–1.32), and 18% for living alone vs 
15% for cohabiting (aHR 1.16, 1.06–1.28). The incidence of infection was highest among patients with diabetic-renal comorbidity, 
underweight, poor mobility, or nursing home residency. The magnitude and direction of associations were modified by comorbidity 
clusters, BMI, mobility, and residence type.
Conclusion: We observed socioeconomic inequalities in 30-day risk of infection after hip fracture surgery. Health modified the 
observed inequalities but could not fully explain them.
Keywords: (MeSH), Epidemiology, Hip fractures, Infections, Low Socioeconomic Status

Introduction
Infections are among the most frequent complications and causes of mortality after hip fracture surgery.1 Within 30 days 
after surgery 15% of patients are treated in hospital for infection.2 The 30-day mortality is 15% among patients who 
develop any type of infection, compared to 8% among patients without infection.3

Social inequalities persist in healthcare utilization and outcomes in welfare states, meaning health status or access to 
health differs dependent on the social conditions in which people live. To measure social conditions, social determinants 
such as education, income, or other markers of socioeconomic position are used. Low socioeconomic position (SEP) is 
associated with higher risk of hip fracture and subsequent elevated mortality.4,5 Furthermore, in recent study, 
a worryingly temporal trend of increase in social inequality in risk of infection after hip fracture surgery from 2012 to 
2021 was observed.6 A better understanding of the interplay between mediating factors is needed to identify subgroups 
with the highest infection risk after hip fracture to guide targeted preventive measures and treatment of infection in these 
vulnerable patients.
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Low SEP is associated with risk factors for infection such as comorbidity, frailty, and adverse lifestyle factors.7,8 

Studies have reported that the effects of low SEP on outcome may be partially mediated through lifestyle factors and 
comorbidities9 and that an interaction effect between SEP and comorbidity on health outcomes exists.10 We therefore 
aimed to examine infection risk in the first month after hip fracture surgery in patients of different SEP and whether the 
risk is modified in subgroups of different health, as measured by comorbidity, body mass index (BMI), pre-fracture 
mobility, and type of residence.

Materials and Methods
Study Population
This cohort study utilized health registries in Denmark, a Scandinavian country with approximately 5.9 million residents 
as of 2023. Danish residents have access to tax-supported healthcare, including general practitioners and hospitals.

Patients aged ≥65 years who underwent surgery for a first unilateral hip fracture between 2010 and 2018 were 
identified in the Danish Multidisciplinary Hip Fracture Registry (DMHFR)11 The DMHFR contains information on 
patient- and surgery-related factors, in-hospital quality indicators, and outcomes.

All Danish residents are registered with a unique 10-digit personal identifier, enabling linkage of data across Danish 
health registries on the individual level.12

Markers of Socioeconomic Position
SEP can be estimated using several proxies. These proxies or markers are highly correlated but cannot be used 
interchangeably. It is therefore recommended to use several markers13 To investigate underlying effect of individual 
proxies, we utilized several data sources to obtain individual-level information on four SEP markers separately.

1. Educational level as of the surgery year, as recorded in the Population Education Registry.14 Educational level was 
categorized into low (elementary school), medium (more than elementary school but less than university), high 
(university), or none/unknown (persons who lacked records in the registry, which can either be due to not 
completing an education or due to a missing registration).

2. Information on family liquid assets (ie, bank account holdings, property, stocks) was obtained from the Income 
Statistics Registry.15 For each patient, we calculated the mean liquid assets for the past 5 years. Subsequently, we 
categorized patients into low, medium, or high liquid asset groups, based on tertiles.

3. Marital status as of the surgery year was ascertained from the Danish Civil Registration system.12 Patients were 
categorized as married, divorced, never married, or widowed.

4. Living arrangement as of the surgery year was based on the combination of cohabitation status and type of 
residence obtained from the Danish Civil Registration System and the DMHFR. Living arrangement was 
categorized as: cohabiting (in own home), living alone (in own home), living in a nursing home, or other (ie, 
multiple-family cohabiting, homelessness, or missing values).

Infection
The primary outcome was any hospital-treated infection within 30 days following hip fracture surgery, defined according 
to International Classification of Diseases, Tenth Revision (ICD-10) diagnosis codes in the Danish National Patient 
Registry (DNPR).16

To capture less severe infections treated outside the hospital setting, a secondary outcome of community-treated 
infection was defined as redemption of a prescription for systemic antibiotics from a community pharmacy, using 
Anatomical Therapeutic Chemical Classification System (ATC) codes in the Danish National Prescription Registry.17

Potential Effect Measure Modifiers
Four variables, as markers of health, were investigated as potential effect modifiers.7,8
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1. Comorbidity clusters identified through latent class analysis using records of 27 selected comorbidity diagnoses 
with a prevalence >1% in the 10 years before the surgery date (See Supplementary Methods S1 and 
Supplementary Tables S1–S3). This enabled classification of patients into clusters to overcome limitations of 
the more commonly used comorbidity indices, for example, the individual comorbid diseases’ importance as 
predictors of infection.18,19 All patients were classified into one of six clusters labelled Healthy, Cardiac- 
Pulmonary, Cerebro-Vascular, Hepatic-Psychological-Neurological, Diabetic-Renal, and Malignancy.

2. Body Mass Index (BMI) at the time of hospital admission was obtained from the DMHFR. BMI was categorized 
into underweight (BMI < 19 kg/m2), normal (BMI 19–24.9 kg/m2), overweight (including obese and extremely 
obese) (BMI ≥ 25 kg/m2), and outliers (BMI < 10 or >50 kg/m2).

3. Pre-fracture mobility was ascertained from the DMHFR based on the cumulated ambulation score (CAS). Pre- 
fracture mobility was categorized as poor (CAS 0–4) or good (CAS 5–6) mobility.

4. Type of residence was collected from the DMHFR and defined as living in nursing home or in own home.

Additional Variables
We captured information on the following variables:

1. Patients’ sex and age on the surgery date, collected from the Danish Civil Registration System. We defined three 
age groups (65–74 years, 75–84 years, and ≥85 years).

2. Surgery year, hip fracture type, surgery, mean surgery delay time (hours), and mean length of hospital stay (days) 
retrieved from the DMHFR.

3. Retirement status in the year prior to surgery year was obtained from the Integrated Database for Labour Market 
Research.

Statistics
We analyzed any hospital-diagnosed infection and any community-treated infection separately. Patients were followed 
from the date of hip fracture surgery until outcome of interest, migration, death, end of study period (31 December 2018) 
or 30 days from the surgery date, whichever came first.

We used the Gray method for calculating crude cumulative incidences of infections taking account of the competing 
risk of death.

We used cause specific Cox proportional hazard regression to estimate crude and adjusted hazard ratios (HRs) of 
infections, comparing patients with lower SEP to those with high SEP, for example, comparing low educational level to 
high educational level. Competing risk was handled using censoring at outcome, death, emigration, end of study, end of 
follow up, or end of study. We choose this method over Fine & Grey regression due to causal rather than predictive 
nature of our study Assumption of proportionality was evaluated visually using log(-log) plots and found acceptable.

Directed Acyclic Graphs (DAGs) were used to identify possible confounders (Supplementary Figure S1). Variables 
included in the models for confounder adjustment were chosen for each marker of SEP separately taking topological 
ordering of the SEP markers into account to minimize overadjustment. Thus, variables included in the adjusted models 
had to fulfill all three properties of a confounding factor: 1) must be associated with the exposure, 2) must be associated 
with the outcome, and 3) must not be on the causal pathway from the exposure to the outcome.

To evaluate potential modified effects in subgroups of different health, we performed analyses stratified by comor
bidity clusters, BMI, pre-fracture mobility, and residence for the primary outcome.

All estimates are presented with a 95% confidence interval (95% CI).
This paper follows guidelines for cohort studies as described in the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE). Analyses were performed using R software (version 4.3.1).
Diagnosis and prescription codes used in this study are provided in Supplementary Tables A1–A3.
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Results
Patient Characteristics
Of the 54,853 patients with hip fracture, median age 83, the majority were women (70%). Many patients had low 
education (50%), were widowed (49%), and were living alone (39%). Liquid assets ranged from a mean of 7,878 USD in 
the lowest tertile group to a mean of 496,362 USD in the highest tertile group (Table 1).

Patients of lower SEP within each of the four markers had higher proportion of women, a higher median age, and 
higher level of comorbidity than those of high SEP, with those divorced being the only exception with lower median age 
(Figure 1).

The proportion of patients living in nursing homes and the proportion of those with poor pre-fracture mobility was 
higher among patients with lower SEP compared to patients with high SEP. A higher BMI was more frequent among 
patients with lower education, fewer liquid assets, but also among patients with supportive marital status and living 
arrangement (Figure 1).

Table 1 Characteristics of the Total Cohort, Denmark, 2010–2017

Variable N (%) Unless Otherwise Stated

All 54,853 (100%)

Sex

Female 38,176 (69.6%)

Male 16,677 (30.4%)

Age

65–74 years 11,597 (21.1%)

75–84 years 20,194 (36.8%)

≥85 years 23,062 (42.0%)

Median age (Inter-quartile range) 83 (76, 89)

Surgery year

2010–2012 19,376 (35.3%)

2013–2015 18,439 (33.6%)

2016–2018 17,038 (31.1%)

Fracture type

Fracture of head or neck of femur 29,555 (53.9%)

Pertrochanteric fracture of femur 21,273 (38.8%)

Subtrochanteric fracture of femur 4,025 (7.3%)

Surgery type

Osteosynthesis 35,793 (65.3%)

Prosthetic 19,060 (34.8%)

Time metrics

Mean surgery delay in hours (95% confidence interval) 25.2 (24.7–25.6)

Mean length of hospital stay in days (95% confidence interval) 9.6 (9.5–9.7)

(Continued)
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Table 1 (Continued). 

Variable N (%) Unless Otherwise Stated

Comorbidity cluster

Healthy 30,103 (54.9%)

Cardiac-Pulmonary 7,281 (13.3%)

Cerebro-Vascular 7,173 (13.1%)

Hepatic-Psychological-Neurological 5,690 (10.4%)

Diabetic-Renal 2,485 (4.5%)

Malignancy 2,121 (3.9%)

Body mass index

Underweight (<19) 7,188 (13.1%)

Normal (19–24.9) 21,933 (40.0%)

Overweight (≥ 25) 15,280 (27.9\%)

Outliers (< 10 or >50) 136 (0.3%)

Unknown 10,316 (18.8%)

Pre-fracture mobility

Poor (Cumulated ambulation score 0–4) 4,813 (8.8%)

Good (Cumulated ambulation score 5–6) 39,030 (71.2%)

Unknown 11,010 (20.1%)

Occupation

Retired 53,042 (96.7%)

Education

High 5,749 (10.5%)

Medium 15,584 (28.4%)

Low 27,660 (50.4%)

None/Unknown 5,860 (10.7%)

Liquid assets

High 18,282 (33.3%)

Medium 18,283 (33.3%)

Low 18,288 (33.3%)

High: Mean value of liquid assets in USD (95% confidence interval) 496,362 (484,394–508,330)

Medium: Mean value of liquid assets in USD (95% confidence interval) 103,071 (102,378–103,765)

Low: Mean value of liquid assets in USD (95% confidence interval) 7,878 (7,778–7,978)

(Continued)
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Any Hospital-Treated Infection
The highest 30-day cumulative incidences of any hospital-treated infection were observed among patients with a low 
education (17%), low liquid assets (19%), who were divorced (18%), and living in nursing homes (18%) (Figure 2 and 
Supplementary Table S4). Overall, of the 9,295 patients with an incident hospital-treated infection within 30 days after 
surgery, 38% had pneumonia, 38% had urinary tract infection, and 3% had a surgical site infection. Comparing SEP 
levels, there was minor variation in the distribution of infection types, but with no clear pattern.

We observed an association between all four markers of low SEP and risk of any hospital-treated infection within 30 
days of surgery. The highest adjusted HRs were 1.10 (95% CI: 1.02–1.18) for low education versus high, 1.21 (95% CI: 

Figure 1 Age, sex, comorbidity-cluster, body mass index (BMI), pre-fracture mobility and residence distributions by markers of socioeconomic position.

Table 1 (Continued). 

Variable N (%) Unless Otherwise Stated

Marital status

Married 17,853 (32.6%)

Divorced 6,689 (12.2%)

Never married 3,447 (6.3%)

Widowed 26,864 (49.0%)

Living arrangement

Cohabiting 13,593 (24.8%)

Alone 21,619 (39.4%)

Nursing home 11,928 (21.8%)

Other or unknown living arrangements 7,713 (14.1%)

Missing information in residence 5,901 (10.8%)

Other type of cohabitation 2,423 (4.4%)
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1.15–1.28) for low liquid assets versus high assets, 1.24 (95% CI 1.15–1.32) for divorced compared to married, and 1.18 
(95% CI: 1.06–1.30) for living alone compared to cohabiting (Figure 3 and Supplementary Table S4).

Community-Treated Infection
The 30-day cumulative incidences of community-treated infection were higher than those for hospital-treated infection. 
The highest cumulative incidences of community-treated infection were observed for patients with a low educational 
level (28%), low liquid assets (29%), those who were widowed (30%), and in particular among those in nursing homes 
(36%) (Supplementary Table S5).

We observed an association between all four markers of low SEP and risk of community-treated infection within 30 
days of surgery. The highest adjusted HRs were 1.12 (95% CI: 1.05–1.18) for low education versus high, 1.16 (95% CI: 
1.11–1.21) for low liquid assets versus high, 1.09 (95% CI 1.04–1.13) for widowed compared married, and 1.63 (95% CI: 
1.52–1.75) for living in nursing homes compared to cohabiting (Figure 3 and Supplementary Table S5).

Pre-Fracture Comorbidity, BMI, Mobility, and Residence as Effect Measure Modifiers
Cumulative incidences of hospital-treated infection were highest among patients who were in the Diabetes-Renal cluster, 
were underweight, had poor mobility, and were living in nursing homes (Supplementary Tables S6 and S7).

Comparing cumulative incidences, risk differences were higher between strata of poor vs good health than between 
SEP levels within each stratum. Additionally, risk differences between high and low SEP marker were similar across all 
strata (Supplementary Tables S6 and S7).

Figure 2 Plots of cumulative incidences of hospital-treated infection over time up to 30 days after date of surgery by (A) education, (B) liquid assets, (C) marital status, and 
(D) living arrangement.
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The degree of association between the four SEP markers and risk of hospital-treated infection varied by strata, 
indicating effect modification. An association between low SEP and increased risk of was observed among patients in the 
“Healthy” cluster, whereas no clear pattern of association was observed for patients in the 5 other comorbidity clusters.

For example, an association was observed between non-married status and increased risk of hospital-treated infection 
in the Cerebro-Vascular cluster but the inverse association was observed in the Hepatic-Psychological-Neurological 
cluster (Figure 4 and Supplementary Table S8).

Pre-fracture mobility, and to a lesser degree BMI, appeared to modify the association between all four SEP markers 
and risk of hospital-treated infection. Residence appeared to especially modify the association between marital status and 
hospital-treated infection (Figure 4 and Supplementary Table S9).

Discussion
In this nationwide cohort study, markers of lower SEP (education, liquid assets, marital status, and living arrangements) 
were associated with increased risk of infection within 30 days of surgery for hip fracture, with comorbidity, BMI, pre- 
fracture mobility, and nursing home residence modifying the associations.

Interpretation
Low health literacy, associated to low educational level, may partly explain the observed inverse association between 
education and infection risk through reduced compliance and abilities to comprehend, communicate, and navigate within 
health-related settings.20 Hip fracture patients may be particularly vulnerable to health illiteracy due to advanced age and 

Figure 3 Forest plots of adjusted hazard ratios (aHRs) for (A) hospital-treated infection or (B) community-treated infection by socioeconomic markers: Education adjusted 
by age, sex, and surgery year. Liquid assets adjusted by age, sex, surgery year, education, marital status, and comorbidity cluster. Marital status adjusted by age, sex, 
surgery year, and education. Living arrangements adjusted by age, sex, surgery year, education, marital status, comorbidity cluster, liquid assets, body mass index, and pre- 
fracture mobility.
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Figure 4 Plots of adjusted hazard ratios for hospital-treated infection stratified by comorbidity clusters, body mass index, pre-fracture mobility, and residence type. 
According to (A) education adjusted by age, sex, and surgery year; (B) liquid assets adjusted by age, sex, surgery year, education, marital status, and comorbidity cluster; (C) 
marital status adjusted by age, sex, surgery year, and education; and (D) living arrangement adjusted by age, sex, surgery year, education, marital status, comorbidity cluster, 
liquid assets, body mass index, and pre-fracture mobility.
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added stressors.20 Of further explanation, previous studies report associations between markers of SEP, such as 
education, and comorbidity and adverse health behaviours.9,21 As educational level usually is established by early 
adulthood, the cumulative effects of education over a lifespan could introduce survival bias, which could explain the 
lack of association, for example, in the Cardiac-Pulmonary cluster.

Patients with low assets may struggle to afford transportation to healthcare providers, medications, proper housing, 
rehabilitation, or social services, contributing to infection risk. Not all healthcare in Denmark is covered by the public 
sector and additional healthcare may be provided privately. Low liquid assets was not a risk factor among those living in 
nursing homes, which could be due to higher public sector coverage of healthcare and social services in these patients 
compared to those living in their own home.

Both cohabitation and marital status could be considered proxies for social support or informal caregiving. Although 
all patients in Denmark are eligible to receive formal care after hip fracture surgery both inside and outside the hospital 
setting, most patients rely heavily on informal care from family members or friends.22

In orthopedic and geriatric patients, lower social support is associated with impeded recovery, failure to regain pre- 
surgical physical function, and outcomes such as infection.23,24 Non-cohabiting or unmarried status could lead to 
increased risk of severe infections due to delays in contacting healthcare providers. An association between unmarried 
status and delay in diagnosing community-acquired infection has been observed in other patient groups.25,26 However, 
unmarried patients could have an increased likelihood of hospital admission if healthcare personnel consider social 
support when deciding between hospital or community treatment.

Social support may also be provided by a non-married partner or children but we were unable to account for these 
situations.

Although the presence of comorbidity, poor pre-fracture mobility, underweight BMI, and living in a nursing home 
could indicate a higher dependence on informal care, these factors might also be associated with receiving more formal 
care. This may explain why the association between marital status and any hospital-treated infection was clearer among 
those healthy, overweight, with good mobility, and living in their own home.

Although studies suggest an association between lack of social support and nursing home residency, we considered 
nursing home residency mostly a marker of vulnerability.27 Risk factors for developing infection such as dysphagia, 
compromised immune response, or close living quarters are common among nursing home populations, which would 
explain the high cumulative incidence of infection we observed.28 The competing risk of death and clinical decisions on 
level of care might have impacted these results, particularly, as the subpopulation living in nursing homes was elderly and 
comorbid.29 Such competing risks may also explain the negative association observed in some strata, for example, as 
observed for nursing home residents with poor mobility.

Perspectives
Though the examined markers of SEP are non-modifiable, knowledge about their association with infection may help to 
identify vulnerable patient subgroups, indicate effective early interventions, or aid the prevention of severe infection. The 
aHRs ranging from 1.10 to 1.24 with small absolute differences between SEP groups are statistically significant but may raise 
questions of clinical relevance of our results. However, patients with lower SEP combined with poorer health should be 
considered a particular vulnerable subgroup with highest absolute risks of infection after hip fracture and thereby possible 
highest risk of mortality.1,3 Thus, clinical practice and future studies on the benefits of interventions to reduce high risk of 
infection after hip fracture surgery could be focused on multidisciplinary and individualised care, including support from the 
primary medical and social sectors among patients with lower SEP. For example, an intervention with patient-tailored 
programs where infection preventive measures are combined with high-quality information and caregiver involvement30 or 
an intervention with oral nutritional supplementation31 might be considered in patients with lower education. Meanwhile, 
additional focus on transitional and home care could be considered for patients with no informal caregivers, as early 
transitional care has been shown to lower readmission risk in geriatric patients. However, the preferrable type, effectiveness, 
and cost-benefit of transitional care remain under debate.32 Previous studies reported no association between SEP and in- 
hospital care of hip fracture patients in Denmark.4 However, we found modest inequality between SEP and infection risk. 
This gap between care and patient outcome should be addressed, especially considering the increase in inequality of infection 
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risk previously reported.6 The potential preventive and treatment interventions in-hospital and in the transition between the 
hospital and home settings after hip fracture surgery should be taking patient health into account, as well as differences in 
healthcare systems and healthcare accessibility.

Methodological Considerations
We analyzed separate markers representing different aspects of SEP to capture independent effects.13 While a composite 
SEP score considers interactions between markers, it can be challenging to interpret due to equal weighting of markers 
with varying effects. As a result, many patients have medium composite SEP scores, combining different low and high 
SEP markers.

It is unknown whether we capture all patients surgically treated for hip fracture. Hospitals have legal and economic 
incentives to report hip fracture patients to the DNPR, source for the DMHFR, therefore the completeness of the 
DMHFR is considered very high.

We excluded 11% of cohort members due to missing data on education, most likely missing because patients never 
finished primary school. Because the data was not missing at random, we did not perform multiple imputations.

A positive predictive value (PPV) of 100% has been reported for hip fracture in the DMHFR. Misclassification is 
considered low for data on marital status, cohabitation, and liquid assets, as these data are maintained by major 
government registries and used by civil agencies. The PPV for residence as reported in the DMHFR is unknown.

Education is expected to be misclassified for minimum 3% of the observations.14 In the DNPR, a PPV of 98% for any 
infection was reported for a sample of cancer patients,33 while a PPV of 78% was reported for infection diagnoses in the 
emergency room.34 PPVs ranging from 82% to 100% have been reported for a majority of the diagnoses used in the 
cluster analysis.

SEP and health status change over a life course, and reciprocal relationships exist between these factors.35 We 
considered this and time of measurement for possible confounders. For example, education is usually established by early 
adulthood and therefore was considered a confounder for the remaining SEP markers. However, it is difficult to assess 
which was established first: a person’s accumulated poor health or accumulated liquid assets. Therefore, the variables 
included in the final models were chosen based on current literature and expert knowledge of the authors but also relies 
on some assumptions.

We did not have data on lifestyle factors such as smoking, alcohol use, nutrition, and functional status beyond pre- 
fracture mobility that might play a role in terms of sustaining infection postoperatively. However, while this data is 
important, they are not fulfilling the confounding criteria; thus, they are mediators (on the clinical pathway from exposure 
to outcome) and as such, should not be included in regression model.

Conclusion
Living alone or in a home, being unmarried, having low liquid assets, and low education were associated with a higher 
infection risk in the first month after hip fracture surgery. Pre-fracture comorbidity, mobility, BMI, and type of residence 
modified the magnitude of effect, in particular of marital status and living arrangement.
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