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Abstract  

Hip fracture is associated with excess mortality, persisting for many years after the fracture. Several 
factors may affect survival; however, the role of social support has been less studied. Living situation 
could be an indicator of a person’s social support, which predicts mortality in the general population. In 
this longitudinal cohort study, we considered whether living alone was a risk factor for post-hip fracture 
mortality compared to living with a partner.  

Information on hip fractures from all hospitals in Norway 2002-2013 was combined with the 2001 
National Population and Housing Census. The association between living situation and mortality during 
12.8 years of follow-up in 12,770 men and 22,067 women aged 50-79 years at fracture was investigated 
using flexible parametric survival analysis.  We also estimated relative survival of hip fracture patients 
compared to that of the non-fractured background population in the same living situation (alone or with 
a partner).  

Higher mortality after hip fracture was found in both men and women living alone versus with a partner: 
hazard ratio (HR) men=1.37, 95% confidence interval (CI): 1.29, 1.44, HR women=1.23, 95% CI: 1.18, 
1.28, adjusting for age, education level, urbanization degree and number of children. We demonstrated 
the strongest association in male hip fracture patients <60 years of age (long-term mortality HR=3.29, 
95% CI: 2.25, 6.49). Compared to the general population, relative survival 8 years after a hip fracture 
was 43% in men and 61% in women living alone, whereas relative survival in those living with a partner 
was 51% in men and 67% in women.   

In conclusion, hip fracture patients who lived alone had higher mortality than those living with a partner, 
and lower survival relative to the general population.  
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 Introduction 

In recent years, there has been a decline in hip fracture incidence in many Western countries, including 

in Norway.(1)  However, mortality after hip fracture is still high in most parts of the world. Within one 

year after a hip fracture, 20-30 percent of patients die, (2-6) and excess mortality persists for many years 

after the fracture.(6-8)  The particularly high early mortality has been linked to pre-fracture comorbid 

conditions such as cardiovascular disease, cancer and dementia, (9,10)  factors relating to the treatment 

(e.g. in-hospital resources, type of surgery and surgical delay), (11,12) and to complications such as 

infections and delirium. (13,14) The excess mortality after a hip fracture seems to decline after one year in 

women and after 5 years in men, if genetic factors are taken into account, (15) though additional risk 

factors may affect long-term mortality, such as inappropriate prescribing of medications, (16) and 

subsequent fractures. (7,17) The role of social factors has not been extensively studied, but some studies 

have found increased mortality after hip fracture to be associated with lower income, (14)  lower 

educational attainment, (18) daily smoking, low BMI and other lifestyle-factors. (5,19), and lower amount of 

perceived social support from friends and family.  (20) An association between being unmarried and 

higher post-hip fracture mortality has also been suggested in women, but results are inconclusive in 

men. (21)  (20) For unclear reasons, male hip fracture patients have the highest excess mortality, compared 

to women. (14) 

In the general population there is a consistent association between lack of social support and mortality, 

first documented in the 1970s by Berkman et al., (22) and later summarized in a meta-analysis by Holt-

Lunstad et al. (23) Even in the younger age groups people who live alone have increased risk of dying from 

cardiovascular events compared to those not living alone. (24,25) Whether a person is living alone or not 

has been found to predict mortality in community dwelling elderly, (23,26)  and it is also a feasible 

measure which may easily be included in both public health interventions and in clinical settings as an 
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indicator of a need for closer follow-up after hip fracture. We aimed to study the influence of living 

situation (alone or with a partner) on post hip fracture mortality in men and women, according to 

categories of age and time from hip fracture to death, taking into account possible confounding of other 

socio-economic- and lifestyle factors. We also aimed to compare the survival of fracture patients 

according to living situation (alone or with a partner) to the survival rates of the corresponding groups in 

the general population without a hip fracture. 

Materials and Methods 

Study Design and Study population 

Statistics Norway conducted in November 2001 a Census where household questionnaires, including 

questions on living situation (“Family Type”) were distributed to the entire Norwegian population. 

Household members were listed on the questionnaire based on reports from the National Population 

Register, and each household was asked to add or remove any persons according to their actual 

habitation status. For this longitudinal cohort study, we included the 2001 Census population who were 

alive and at risk of hip fracture in the period 1 January 2002 to 31 December 2013, with mortality follow 

up to 31 October 2014. Only ages 50-79 years at time of fracture were included to reduce 

misclassification from change in living situation during follow-up due to the increasing proportion being 

referred to a permanent nursing home residence or losing their partner after the age of 80. Ages 50-79 

years at fracture corresponded to an attained age of 50-92 years at death (maximum of 12 years of 

follow-up after the hip fracture).  We included 1,912,739 fracture-free participants from the 2001 

Census for comparison when calculating age-standardized mortality rates and relative survival ( 

supplementary figure 1). The National Population Register provided data on death and emigration.  

Hip fracture identification 
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The NOREPOS (27) Hip Fracture Database (NORHip) consists of data on hip fractures treated in Norwegian 

hospitals from 1 January 1994 to 31 December 2013. Incident hip fractures were identified by taking 

into account hip fracture diagnosis codes (ICD-9: 820-820.9 and ICD-10 S72.0-S72.2), surgical procedure 

codes that were characteristic for a primary hip fracture surgery (including surgical procedure codes for 

hemiarthroplasty occurring without any accompanying reoperation codes), additional diagnosis codes 

indicating an incident hip fracture, and time between hospitalizations (>3 weeks). Up to two hip 

fractures in the whole time- period were counted for each person.  Fractures occurring from 1994-2007 

were retrieved directly from each hospital, whereas fractures from 2008 through 2013 were obtained 

from the Norwegian Patient Registry. The unique 11-digit personal identification number assigned to 

every citizen in Norway was used to identify hospitalizations for hip fracture and for all data-linkages. 

Information on hip fracture definitions, classification, quality assurance, and validation is available 

online: www.norepos.no/documentation and in Omsland et al (2012). (28) 

A total of 12,770 men and 22,067 women aged 50-79 years had a first incident hip fracture during 2002-

2013. For those with missing information on Family type, marital status was used as a proxy for living 

situation (n=401).  

Exposure and covariates: Living situation, marital status, education level, number of children and 

urbanization level  

From the 2001 Census we used information collected on Family type (25 categories, described in 

supplementary material), marital status (9 categories), education (9 categories), and number of children 

(continuous). Family type identifies practical living situation as it is based on all the individuals reported 

to live in the same household, rather than on marital status.  Hence, married couples who had separate 

dwellings, e.g. one of them living in an institution and the other at their home, were registered as living 

apart, whereas non-married cohabiting couples were registered as living together. Family type was 
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grouped into a binary variable: living alone (with or without children in the household or elsewhere) 

versus living with a partner (with or without children in the household or elsewhere). Number of 

children was categorized as no children, 1 to 2 children, and 3 or more children for descriptive analysis, 

but included as a continuous variable for adjustment in the regression models. Attained education level 

was recoded into three categories: Primary (0-9 years), secondary (10-12 years), and tertiary (≥13 years). 

As post hip fracture mortality has been found to vary between urban and rural areas in Norway,(29) and 

the proportion who live alone or with a partner differed between urban and rural areas, an indicator of 

urbanization degree in the individual’s municipality of residence was included.   Urbanization degree 

was defined on a continuous scale from 0-1, according to the proportion of geographic entities situated 

less than 50 meters apart in the 2001 Census, 1 being the most urban (as defined by Statistics Norway).  

Statistics 

The statistical package Stata 16 (StataCorp, Texas, USA) was used for analysis. Age standardized 

mortality was calculated per 10,000 person-years, using direct standardization and the average age 

distribution of the 2001 Census population (including those who later sustained a hip fracture) in 1-year 

age groups as standard. Median survival time after fracture was estimated with the stci command in 

Stata. Associations between living situation and mortality were adjusted for age at the Census, 

education (3 groups), urbanization degree (continuous) and number of children (continuous) in flexible 

parametric survival models (stpm2 command in Stata), which allow non-proportional hazards and 

enable prediction of time-varying hazard ratios. Hazard ratios (HR) with 95% confidence intervals (95% 

CI) were calculated, using days since hip fracture as observation time. All analyses were done separately 

by gender. Non-proportional hazards of living situation and age at the 2001 Census were found by 

interacting these variables with a spline in (log) time and inspecting model fit. The association between 

living situation and mortality was therefore reported according to four categories of increasing post-
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fracture follow-up time: 0-30 days, 1 month-1 year, > 1-5 years and >5-12 years, in addition to overall 

HRs for the entire time period. Statistical interactions between living situation and the other covariates 

(age, education level, urbanization degree, and number of children) were tested. In the models, hazard 

ratios were allowed to vary over time by including a tvc option for living situation.  

Comorbidity 

For administrative reasons, Charlson Comorbidity Index (CCI) was not available for the whole time 

period of hip fractures (2002-2013), but was explored within a subset of 20,582 individuals with 

fractures (years 2002-2008) with mortality follow up to 31 Oct. 2014.  A modified CCI (30-32) was used to 

classify patients according to the severity and the number of comorbid conditions, calculated from 

additional diagnosis codes recorded during the hospitalization for the hip fracture (see Supplementary 

Material for an overview of the diagnoses included and the distribution of CCI by age group). The total 

CCI score of a patient was used to classify the patients into three groups: 0= no additional diagnosis 

codes, 1= some comorbidity (one additional diagnosis with weight 1), 2= severe comorbidity (a score of 

≥2). Additional adjustment for CCI in investigating the association between living situation and mortality 

was performed, and potential interactions between CCI score and living situation were tested.  

Relative survival 

To compare the survival of hip fracture patients to the expected survival in the general population 

without a hip fracture, we analysed relative survival over follow-up time after fracture. A relative 

survival of 1 indicates no excess all-cause mortality of the hip fracture population compared to the 

expected mortality in the general population, while relative survival values lower than 1 indicate excess 

mortality in the hip fracture population. Expected mortality was calculated by multiplying the number of 

person-years in hip fracture patients with the death rate of the general population within strata of 0.5 

year age groups (attained age 50-92 years at death), gender, calendar time at death and living situation 
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(alone or with a partner). The expected mortality rate within these strata were then merged to the hip 

fracture population with the same strata characteristics. Differences in excess mortality (i.e., the 

deviation from expected mortality) were investigated using flexible parametric survival models with the 

bhazard option, adjusting for age at the 2001 Census, education, urbanization degree and number of 

children. From these models, relative survival of the hip fracture patients by living situation categories, 

were predicted over follow-up time (figure 3) and at 1 year and 8 years after hip fracture.  

Sensitivity analyses 

To assess whether information on marital status would predict post-hip fracture excess mortality equally 

well as the actual living situation registered in the 2001 Census, living situation (alone or with a partner) 

was replaced by dichotomous marital status (married/not married, ‘not married’ including never 

married, separated, divorced and widowed) in a model adjusting for age, education level and number of 

children. As those living alone without a partner could potentially be receiving support from their 

children, we also explored the association between post hip-fracture mortality and a living situation 

variable with 3 categories (presented in Supplementary Material): Living with a partner with or without 

children in the household or elsewhere, living alone but having children in the household or elsewhere, 

and living alone having no children.  In a separate analysis we also excluded those who had children 

living in their household. 

Ideally, living situation should have been collected at the time of fracture. To take into account the 

potential misclassification caused by changes in living situation between the 2001 Census and time of 

hip fracture, we performed a sensitivity analysis restricting the fracture inclusion period to hip fractures 

occurring within four years after the 2001 Census (through 2005, chosen to retain statistical power). In 

addition, we performed an analysis excluding those who had a second hip fracture in the follow-up 
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period (10% of all hip fracture patients). Lastly, we included the population >79 years in a separate 

analysis.  

Ethics 

This study was approved by the Norwegian Data Inspectorate, the Directorate of Health, Statistics 

Norway, the Regional Committee for Medical and Health Research Ethics and the Norwegian Institute of 

Public Health.  

Results  

A total of 34,837 individuals (12,770 men and 22,067 women) aged 50-79 years at time of fracture, 

suffered a hip fracture during the period 2002-2013. Of these 40.5% were living alone without a partner 

(11.6% were living alone and had no children). Table 1 shows the characteristics of the hip fracture 

population. Men living alone fractured at a lower age than those living with a partner (mean 68.2 versus 

69.6 years); while women living alone fractured at a higher age than those living with a partner (mean 

71.8 versus 70.2 years). Additionally, among the patients living alone a higher proportion had completed 

< 12 years of education, a higher percentage were living in urban areas, and those living alone had on 

average fewer children. A comparison of the hip fracture population to the characteristics of the general 

population aged 50-79 years at the 2001 Census is shown in supplementary table 1.  

 All-cause mortality  

Median survival time after fracture was shorter in both men (4.9 years versus 6.9 years) and women (7.3 

versus 10. 3 years for women) living alone compared to those living with a partner. Figure 1 shows age-

standardized mortality rates (with 95% CI) in the general population and in those who have had a hip 

fracture, by living situation (alone or with a partner) and gender. Hip fracture patients were 50-79 years 
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at the time of fracture. In general, individuals living alone had a higher mortality compared to individuals 

living with a partner, both in the general population and among hip fracture patients (figure 1).  

An overall 37% higher post hip fracture mortality was found in male hip fracture patients who lived 

alone compared with the male hip fracture patients who lived with a partner: HR=1.37, 95% CI: 1.29, 

1.44, adjusting for age at Census, education level, urbanization degree and number of children.  In 

women with a hip fracture, the corresponding mortality was 23% higher: HR=1.23, 95% CI: 1.18, 1.28.  

Table 2 shows the association between living situation and post-hip fracture mortality, according to time 

after fracture.  In both genders, there was a significant association between living situation and post-

fracture mortality at all follow-up times, and the associations were, in general stronger with long-term 

follow-up.  

Age at fracture 

Figure 2 shows the time-varying hazard ratios (HR) for post-hip fracture mortality in those living alone 

versus those living with a partner over follow-up time for men (a) and women (b), stratified on three 

groups of age at fracture. In men, the relative difference in mortality (HR) was largest in the youngest 

age group (50-59 years) over the entire follow-up period, and increased toward the end of follow up 

time (at 12.8 years, predicted HR=3.29 (95% CI: 2.25, 6.49)).  In women, the age group 50-59 years had 

the largest relative  difference in mortality the first day post-fracture (HR= 2.19, 95% CI: 1.41, 9.07), but 

the hazard ratio also peaked at 2.9 years post-fracture (predicted HR=1.96, 95% CI: 1.41, 2.81).  

Comorbidity 

When adjusting for comorbidity level in the subset of those who fractured up to 2008, the association 

was unchanged at most follow-up times (supplementary table 2). There was a significant interaction 

between living situation and comorbidity level in both genders (p<0.004), with a stronger relative risk of 
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dying after hip fracture in those living alone versus those living with a partner in the group of no 

registered comorbidity (supplementary table 3).   

Survival relative to the non-fracture background population 

Figure 3 shows the estimated relative survival, according to gender and living situation, and adjusted for 

age at Census, education level, urbanization degree and number of children, over post-fracture time. 

The overall survival was lower in hip fracture patients relative to the general population (<1), and 

decreased steadily over the entire follow-up period. Differences in relative survival between the groups 

(alone vs. living with a partner) increased with post-fracture time until 8 years after fracture.  

When predicting relative survival at age 70 years (and with other covariates set to their mean level) 82.3 

% of men living alone had survived 1-year post-fracture, relative to the general population of men of the 

same age living alone, whereas in the group of men living with a partner the relative survival was 83.4%. 

Predicted relative survival at 8 years post-fracture, was 43.4 % in men living alone, and 50.8% in men 

living with a partner. The corresponding relative survivals in women living alone were 89.2% at 1 year 

after hip fracture (89.8% in those living with a partner), and 61.1% at 8 years after hip fracture (67.0% in 

those living with a partner).   

Sensitivity analyses 

With the exception of 30-days mortality, women who were living alone and having no children had the 

overall highest hazard ratio, compared to women living with a partner  (supplementary table 4). This 

was also the case for long-term mortality in men (supplementary table 4).  When excluding those with 

children in the household from the analysis (separate sensitivity analysis), the association between living 

situation and post-hip fracture mortality was somewhat attenuated in men: HR=1.32 (95% CI: 1.25, 1.40) 

vs. 1.37 in the main analysis, but unchanged in women.  
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Marital status (married vs. not married) was highly correlated with living situation (with partner vs. 

alone) (rho=0.81), and there were only minor changes in the association with post-hip fracture mortality 

when replacing living situation with marital status (results not shown). In analyses restricted to fractures 

occurring 2002-2005, i.e. closer in time to the registration of living situation in the 2001 Census, the 

associations between living situation and long-term post hip fracture mortality became stronger: HR in 

men 5-12 years post fracture increased from 1.59 in the main analysis (Table 2) to 1.68 (supplementary 

table 5 ). In women, the association with 1-5 years post hip fracture mortality became stronger, HR 

increasing from 1.29 in the main analysis (Table 2) to HR=1.39 (supplementary table 5). Only minor 

changes were found in the association when excluding those that experienced a second fracture in the 

follow-up period (results not shown). When including the population >79 years the overall estimates 

were attenuated: HR men (living alone versus with a partner): 1.15 (95% CI: 1.11, 1.18); HR women 

(living alone versus with a partner): 1.11 (95% CI: 1.08, 1.13) (estimates by post-fracture time in 

supplementary table 6).  

 

Discussion 

In this cohort of 34,837 Norwegian hip fracture patients aged 50-79 years at time of fracture, we found a 

higher post-hip fracture mortality in both men and women living alone, as opposed to those living with a 

partner. The association was independent of age, education level, number of children and degree of 

urbanization. The increased relative risk (HR) of dying in those who lived alone was more evident in 

younger fracture patients, in men, and in those with no registered comorbid diagnoses at the hip 

fracture hospitalization, and it increased with time since fracture. When comparing survival in hip 

fracture patients to the general population, the lowest survival was found among men living alone, 

whereas the highest survival was among women living with a partner.   
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Despite the extensive research on excess mortality after hip fracture, little attention has been given to 

the role of social factors, in particular social support after hip fracture. We were able to find only two 

previous studies (20,33) on the role of social contact /social support on post-hip fracture mortality. Alegre-

Lopez et al(33) examined predictors associated with mortality and limited functional ability after 

discharge from hospital and up to 1 year after hip fracture in a cohort of 218 patients ≥50 years of age. 

Pre-fracture living situation (alone vs. in the company of others) was not found to be associated with 1-

year mortality.(33) On the contrary, Mortimore et al, who included 674 community residents aged 65 

years and older with hip fracture, found that patients who did not see or speak (both telephone and 

direct personal contact) with family members two weeks prior to the fracture were more than twice as 

likely to die within 2 years after fracture, compared to participants who had contact with family 

members on a daily basis. This is in accordance with results from the current study, and with other 

studies on social support and mortality in the general population, where the increased was found to be 

comparable to the risk from smoking and surpassing risk factors such as obesity and lack of physical 

activity.(23)  

Interpretation of results 

The lower survival in hip fracture patients living alone relative to the general population indicates that 

the consequences of a hip fracture may be greater for those living alone versus those living with a 

partner. In this current study of Norwegian hip fracture patients (with a mean age at fracture of 

approximately 70 years) around 40% of patients were living alone. Whether a person is living alone is 

not a good proxy for loneliness, but a higher degree of social isolation has been found in the general 

population of older adults living alone.(34,35)  Having social relationships has been linked to better 

immune functioning and to lower immune mediated inflammatory processes over time and can be 
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positive in all parts of life. (27) Social support may also have an important “buffering effect” against stress 

during illness or trauma, such as when experiencing a hip fracture. (33,34,36)  

The association between living situation and post-fracture mortality in men became stronger with 

longer time after the hip fracture. The same pattern, although weaker was found in women.  As factors 

related to care, follow-up and rehabilitation after the hip fracture influence survival, social support is 

expected to be of great importance, putting those living alone after the fracture at greater risk. For older 

adults, physical function in daily life is a predictor of mortality, and a higher level of social support may 

indicate more assistance in carrying out everyday tasks and activities. (37) In a scoping review, Auais et al 

found that both a higher level of social contact and socioeconomic status had beneficial effects on 

physical recovery after hip fracture. (38) For hip fracture patients living with a partner, social support may 

imply better adherence to medications, which is important for long-term survival. (17,39) Better nutrition 

may also play a role, as difficulty in preparing meals after a hip fracture has been found to predict 1-year 

mortality, and the prevalence of malnutrition in older patients with hip fracture is higher than in other 

community-dwelling older adults.(40) An adequate nutritional status is characterized by prevention of 

weight loss and maintaining a healthy BMI, and a study from our research group found BMI to be an 

important risk factor for mortality after hip fracture. (19)  

High mortality after hip fracture has been linked to pre-fracture co-morbid conditions, in particular 

malignancy, cardiovascular disease and pulmonary disease. (9,10,41) Factors such as delay of surgery is 

often due to patients’ anticoagulant medication regulation and comorbidities optimization. (42) With 

poor health condition at admittance, surgery will often have to be postponed, and longer waiting time 

to surgery has been shown to lead to higher excess short-term mortality after hip fracture. (12,41,43) 

Patients experiencing a fracture in their home may more often have a delay in admission if they live 

alone and are socially isolated, leading to poorer health condition at admittance. Nevertheless, when 
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taking into account the comorbidity level at admittance in the current study, the overall association (HR) 

did not change. This was in accordance with a register study from Denmark, where Vestergaard et al 

found that excess mortality could be mainly attributed to complications to the fracture event, and less 

to pre-fracture co-morbid conditions. (14) 

Keeping in mind that older men (>75 years) have been found to have the highest absolute mortality 

after hip fracture, (6,11,21,44) a higher relative mortality was found in younger male hip fracture patients 

(50-59 years) living alone compared those living with a partner in the current study. Although a diverse 

group, unmarried Norwegian men are reported to have a higher alcohol intake and receive less social 

support compared to those who are married. (45) In the Cohort of Norway study, men younger 

than 60 years who reported frequent drinking had substantially higher risk of hip fracture compared to 

moderate drinkers, indicating that lifestyle factors such as alcohol intake may matter. (46) A high alcohol 

intake may also be associated with a higher degree of comorbidity, (47) and in the current study the 

association between living situation and mortality in the youngest male hip fracture patients (50-59 

years) was somewhat attenuated when adjusting for comorbidity level. Still, there may be several 

underlying reasons for the relatively higher mortality in the group living alone, and some of these may 

also be underlying causes of living alone. More studies are therefore needed to explore this higher 

relative post-fracture mortality. 

Having children has been found to reduce mortality after hospitalization for any cause in adults over 70 

years in Sweden. (48) We found that the association between living situation and post- fracture mortality 

was not as strong for those living alone who had children as for those who lived alone and did not have 

children, indicating that the support from children may matter to a certain extent.  

Measures of social support have also been shown to be associated with socioeconomic status, i.e. 

individuals in higher socioeconomic groups are more likely to be married, have more friends and report 
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higher levels of social support, and high socioeconomic status has been found to predict lower post-hip 

fracture mortality.  (18,24) In the current study, the association between living situation and mortality in 

hip fracture patients was only slightly attenuated when including education level, a common proxy of 

socioeconomic status.  

Post-hip fracture mortality has been reported to be higher in urban than in rural areas of Norway after 

the first 30 days post-fracture, which could possibly be related to lower quality of follow-up care in 

urban areas. (29) In addition, urban dwellers are observed to have less social contact and fewer friends 

they can rely on for help than people living in rural areas.(49)  The association (HR) between living 

situation and post-fracture mortality did not change when adjusting for degree of urbanization in the 

current study, indicating that there may be other underlying mechanisms for this association.  

Strengths and limitations  

The strengths include the large population and the prospective design, which made it possible 

to consider associations in a young group of hip fracture patients over 12.8 years of follow-up. 

We also had information on actual living situation, not only marital status, although marital 

status was found to be a good proxy for living situation in this population. We had complete 

capture of hip fracture-data from all hospitals in Norway, death and emigration provided by 

National Registers, and we were able to compare our estimates to the general population from 

a National Census.   

There are some limitations. Living situation was classified based on the information obtained 

from the 2001 Census, and it was measured at one time point. For a proportion of unknown 

magnitude, it would have changed between Census time and the fracture event, and between 

the fracture and time of death or end of follow-up. The degree of misclassification would be 
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expected to increase with elapsed time after the 2001 Census. When limiting the analyses to 

fractures occurring the first 4 years after the Census, the associations became somewhat 

stronger. We defined living alone as not living with a partner. However, some patients defined 

as living alone may still have other supportive family members, such as siblings, living in their 

household, which we were not able to capture. Additionally, we excluded the population ≥80 

years at fracture due to substantial  portion of patients at this age moving to nursing homes 

after the fracture; however, we cannot rule out that this also pertains to some of the younger 

patients. Comorbidity (Charlson Comorbidity Index, CCI) in the fracture patients was calculated 

from registered diagnoses at the time of admittance to hospital for the fracture. This may be a 

gross underestimate of the actual comorbidity in this population, as only diagnoses deemed 

relevant for the health assessment during the hospital stay are usually registered, and some 

diagnoses that are strongly associated with survival were not included, such as psychiatric 

illness (except dementia). (33) This suggests that some hip fracture patients with no apparent 

comorbidity in our data may not necessarily be considered as healthy. It is also possible that 

patients living alone approach the health system less often than those living with a partner, and 

therefore have fewer comorbid diagnoses registered at admittance. This could potentially 

explain the strong association between living situation and post hip fracture mortality in the no-

comorbidity group. Lastly, our study is based on data from registers and Census, which means 

that information on lifestyle factors (for example smoking and alcohol use) and clinical risk 

factors, such as complications to the surgical procedure, were not available. We therefore 

cannot rule out the potential for residual confounding of our results, or the possibility of 

collider stratification bias if living situation was strongly associated with hip fracture risk.  



18 
 

Conclusion  

Despite a decline in the age-adjusted incidence of hip fracture over the last decades in Norway, 

the mortality after hip fracture is still high. Living alone is linked to higher mortality in the 

general population, and we have shown that the risk of mortality also is higher in hip fracture 

patients living alone. The relatively higher post-hip fracture mortality was most prominent in 

men, in the younger patients and in those without any hospital registered comorbid conditions.  

Currently, all hip fracture patients in Norway are being followed up by home nursing care, or 

admitted to a nursing home/rehabilitation unit after discharge from the hospital, regardless of 

their living situation. However, our study shows that there may be an overlooked need for an 

even closer follow-up for a longer post-fracture period in patients who are living alone. A 

patient’s living situation is attainable information that tailored fracture liaison services may 

need to consider it to make sure the patient stays compliant with prescribed medications and a 

bone- healthy diet. In addition, further emphasis should be put on creating supportive, social 

communities for senior citizens. These efforts may prove to become even be more important in 

the future, as populations grow older. 

 

Figure Legends 

Figure 1. Age standardized rates (and 95% Confidence Interval) of mortality per 10,000 person 

years in the general population and in the hip fracture population (50-79 years) by living 

situation (living with a partner/living alone). Directly standardized rates using the age 

distribution in the entire population (including hip fracture patients) 50-92 years at death as 
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standard.  Population and Housing Census 2001 and NORHip database 2002-2013, with 

mortality follow up from the National Population Register to 31 Oct. 2014. 

Figure 2. Predicted hazard ratio of the association between living situation (alone versus with a 

partner) and post hip fracture mortality over follow-up time and according to age at fracture. 

Population and Housing Census 2001 and NORHip database 2002-2013, with mortality follow 

up from the National Population Register to 31 Oct. 2014. 

Figure 3. Predicted survival in hip fracture patients relative to the non-fracture background 

population stratified on living situation and gender. Population and Housing Census 2001 and 

NORHip database 2002-2013, with mortality follow up from the National Population Register to 

31 Oct. 2014. 
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Table 1. Characteristics of 34,837 Norwegian hip fracture patients aged 50–79 years at time of fracture by living situation (alone/with a partner) and 
gender. The NOREPOS Hip Fracture Database (2002-2013) with mortality follow-up from the National Population Register to 31 Oct. 2014.  

  Men (n=12,770) Women (n=22,067) 

  Living alone 
(36.6%) 

Living with a partner 
(63.4%) 

Living alone 
(43.0%) 

Living with a partner 
(57.0%) 

Number of hip fractures  4,734   8,199       9,573  12,696       

Number of person-years  18,564 35,117 47,409 63,196 

Number of deaths  2,667   3,805        4,724   4,413       

Number of deaths<1 year after fracture 937 1,360 1,218 1,281 

Mean age at time of hip fracture in years (SD a)b 68.2 (8.2) 69.6 (7.9) 71.8 (7.1) 70.2 (7.4) 

Mean number of children (SD a)c 1.3 (1.5) 2.3 (1.3) 1.9 (1.5) 2.4 (1.4) 

Education level, N(%) c <12 years 2,048(43.3) 2,541(31.1) 4,503(47.0) 5,193(40.9) 

 12 years 2,146 (45.3) 4,180 (51.0) 4,018(42.0) 5,938(46.7) 

 >12 years 461 (9.7) 1,413(17.2) 940(9.8) 1,503(11.8) 

Urbanization category, N(%)c Rural  353(7.5) 596(7.3) 588(6.1) 901(7.1) 

 Semirural 1,086(22.9) 2,060(25.1) 1,970(20.6) 3,224(25.4) 

 Urban 3,295(69.6) 5,544(67.6) 7,015(73.3) 8,571(67.5) 
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Marital status, N(%)c Married 90(1.9) 7,524 (91.8) 129(1.35) 11,951(94.1) 

 Previously married 2,710(57.1) 452(5.5) 7,951 (83.1) 572(4.5) 

 Never married 1,943(41.0) 224(2.7) 1,493(15.6) 173(1.4) 

Fractures occuring in winter, N(%)  October-March 2,622(55.3) 4,812(58.7) 5,289(55.3) 7,137(56.3) 

Charlson comorbidity level, N(%)d 0 1452(52.5) 2,397(52.5) 3,573(56.6) 4,255(61.4) 

 1 714(25.9) 1,096(23.4) 1,676(26.5) 1,679(24.2) 

 2 599(21.7) 1,075(23.5) 1,067(16.9) 999(14.4) 

All comparisons significant at p<0.05, except fractures occurring in winter (women) 

Minor variations in numbers due to missing in some covariates 

a Standard deviation 

b Range: 50-79 years 

c  From the 2001 Housing and Population Census (Statistics Norway) 

d From the NORHip database.  Subset of hip fracture patients 2002-2008: 7,333 men; 13, 249 women.  

Table 2. Hazard ratios with 95% confidence intervalsa for mortality after hip fracture in persons living alone vs. living with a partner (reference), 
according to time after hip fracture. 34,837 patients 50-79 years at the time of fracture. The NOREPOS Hip Fracture Database (2002-2013) with 
mortality follow-up from the National Population Register to 31 Oct. 2014. 

 Number of 
deaths  

Adjusted for age at 
Censusb 

Adjusted for age at Censusb, 

education levelb 

Adjusted for age at Censusb, education levelb, 

urbanization degreeb and number of childrenb 

Men     



26 
 

0-30 days post fracture 650 1.30 (1.11, 1.51)** 1.25 (1.06, 1.46)** 1.25 (1.05, 1.48)** 

1-12 months post-fracture 1,647 1.28 (1.16, 
1.41)*** 

1.27 (1.15, 1.40)*** 1.28 (1.16, 1.43)*** 

>1 -5 years post-fracture 2,854 1.42 (1.32, 
1.53)*** 

1.39 (1.29, 1.50)*** 1.36 (1.26. 1.48)*** 

>5 -12 years post fracture 1,321 1.62 (1.45, 
1.81)*** 

1.58 (1.41, 1.77)*** 1.59 (1.41, 1.78)*** 

Women     

0-30 days post fracture 601 1.14 (0.97, 1.34) 1.13 (0.96, 1.33) 1.13 (0.96, 1.33) 

1-12 months post-fracture 1,898 1.18 (1.07, 
1.29)*** 

1.17 (1.07, 1.28)** 1.15 (1.05, 1.26)** 

>1 -5 years post-fracture 4,002 1.34 (1.25, 
1.42)*** 

1.32 (1.24, 1.41)*** 1.29 (1.21, 1.37)*** 

>5 -12 years post fracture 2,636 1.26 (1.17, 
1.36)*** 

1.24 (1.15, 1.34)*** 1.22 (1.13, 1.32)*** 

 *p<0.05,**p<0.01, ***p<0.001 
a Flexible parametric survival analysis  
b From the 2001 Housing and Population Census (Statistics Norway) 
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Figure 3 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  

Methods 
 

Supplementary figure 1. Flow chart depicting the number of participants with and without hip 

fracture included in the study 
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SUPPLEMENTARY MATERIAL  
 

Variable Family type (categories) 

  

1. Single person family, person < 30 years of age 
2. Single person family, person 30-44 years of age 
3. Single person family, person 45-66 years of age 
4. Single person family, person >67 years of age 
5. Married couple without children, oldest person <30 years of age 
6. Married couple without children, oldest person 30-44 years of age 

7. Married couple without children, oldest person 45-66 years of age 
8. Married couple without children, oldest person >67 years of age 
9. Married couple with small children (youngest child 0-5 years of age) 
10. Married couple with older children (youngest child 6-17 years of age) 
11. Married couple with adult children (youngest child ≥18 years of age) 
12. Cohabiting couple without children, oldest person <30 years of age 
13. Cohabiting couple without children, oldest person 30-44 years of age 
14. Cohabiting couple without children, oldest person 45-66 years of age 
15. Cohabiting couple without children, oldest person >67 years of age 
16. Cohabiting couple with small children (youngest child 0-5 years of age) 
17. Cohabiting couple with older children (youngest child 6-17 years of age) 
18. Cohabiting couple with adult children (youngest child ≥18 years of age) 
19. Mother with small children (youngest child 0-5 years of age) 
20. Mother with older children (youngest child 6-17 years of age) 
21. Mother with adult children (youngest child ≥18 years of age) 
22. Father with small children (youngest child 0-5 years of age) 
23. Father with older children (youngest child 6-17 years of age) 
24. Father with adult children (youngest child ≥18 years of age) 
25. Other family types (e.g. several families in one household) 
  

 

Main exposure: Living situation (binary) 

Categories Original variable categories 

Living alone Family type category 1-4, 19-24 
Living with a partner Family type category 5-18 
Missing (1.2%) a Family type category 25 + missing Family type 
a In the main analysis: 71 married women and 69 married men with missing classified as “Living with a 

partner”; 495 previously/never married men and 1,678 previously/never married women with missing 
classified as “Living alone”
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SUPPLEMENTARY MATERIAL  
Sensitivity analysis: Living situation (3 groups) 

Categories Original variable (1) 
categories 

Original variable (2) 
categories 

Living alone Family type category 1-4 No registered children 
Living alone, but have 
children 

Family type category 1-4, , 
19-24 

≥1 registered child 

Living with a partner Family type category 5-18 Any number of children 
Missing  Family type category 25 and 

missing in Family type 
Any number of children 

   

 

Diagnoses included in the Charlson Comorbidity index (CCI):  

 
AMI (Acute Myocardial Infarction) 

CHF (Congestive Heart Failure) 
PVD (Peripheral Vascular Disease) 
CVD (Cerebrovascular Disease) 
Dementia 
COPD (Chronic Obstructive Pulmonary) 
Rheumatoid Disease 
Peptic Ulcer Disease 
Mild LD (Liver Disease) 
Diabetes 
Diabetes + Complications 
HP/PAPL (Hemiplegia or Paraplegia) 
RD (Renal Disease) 
Cancer 
Moderate/Severe LD (Liver Disease) 
Metastatic Cancer 
AIDS (Aquired Immune Deficiency Syndrome) 

 

Charlson Comorbidity index (CCI) by age group (hip fracture patients only):  

 CCI=0a CCI=1b CCI=2c 

50-59 years, N(%) 1,790(72.8) 384 (15.6) 286 (11.6) 
60-69 years, N(%) 3,129 (63.4) 1,015 (20.7) 754 (15.4) 
70-79 years, N(%) 6,745 (51.1) 3,764 (28.5) 2,702(20.5) 
a no additional diagnosis code 
b some comorbidity (one additional diagnosis with weight 1) 
c severe comorbidity (a score of ≥2) 

 

 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  

Results  
 

Supplementary table 1. Comparison of 595,495 men and 628,723 women with and 
without hip fracture in the 2001 Population and Housing Census (Statistics Norway), 
ages 50-79 years at time of the Census. Hip fracture registration from the NORHip 
database (2002-2013), Norwegian Epidemiologic Osteoporosis Studies (NOREPOS) 

Characteristic  Hip fracture (1st) 
N= 60,654 

General population 
N=1,163,564 
 

Number of deceased 2002-
2014 (%) 

 32,307 (53.3) 265,932 (22.9) 

Age at census   
mean (SD) 

 70.0 (7.7) 61.7 (8.5) 

Gender N (%) Men  19,919 (32.8) 575,576 (49.5) 

 Women 40,735 (67.7) 587,988 (50.5) 

Living situation N (%) Living with 
a partner 

33,548 (55.3) 830,578 (71.4) 

 Living alone 27,106 (44.7) 332,986 (28.6) 

Marital status N (%) Married 332,553 (53.4) 785,500 (67.5) 

 Never 
married 

5,205 (8.6) 86,463 (7.4) 

 Previously 
married 

22,896 (37.8) 291,601 (25.1) 

Number of children N (%) 0 11,565 (19.1) 178,075 (15.3) 

 1 8,624 (14.2) 132,496 (11.4) 

 ≥2 40,315 (66.5) 841,719 (72.3) 

Education level  N (%) <12 years 27,905 (46.0) 365,745 (31.4) 

 12years 25,897 (42.7) 567,911 (48.8) 

 >12 years 6,310 (10.4) 217,096 (18.7) 

Urbanization category N (%) Rural  4,374 (7.2) 84,085 (7.2) 

 Semirural 14,479 (23.9) 274,995 (23.6) 

 Urban 41,801 (68.9) 1 804,484 (69.1) 
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SUPPLEMENTARY MATERIAL  
Supplementary table 2. Association (Hazard ratio, 95% Confidence Interval)  between living situation 
and post-fracture mortality in 20,582 hip fracture patients 50-79 years at the time of fracture. Living 
alone versus living with a partner (reference). Subset of NORHip database (2002-2008) with mortality 
follow-up from the National Population Register to 31 Oct. 2014.   
 

 Adjusted for age at Census, education 
level, urbanization degree and number 
of children 

Additional adjustment for comorbidity 
level 

Men   

0-30 days post 
fracture 

1.25 (1.01, 1.56)* 1.27 (1.02, 1.58)* 

1-12 months post-
fracture 

1.34 (1.17, 1.53)*** 1.33 (1.16, 1.52)*** 

>1 -5 years post-
fracture 

1.45 (1.31, 1.60)*** 1.44 (1.30, 1.59)*** 

>5 -12 years post 
fracture 

1.60 (1.29, 1.98)*** 1.58 (1.28, 1.97)*** 

Women   

0-30 days post 
fracture 

1.20 (0.97, 1.49) 1.14 (0.91, 1.42) 

1-12 months post-
fracture 

1.10 (0.98, 1.23) 1.05 (0.94, 1.18) 

>1 -5 years post-
fracture 

1.36 (1.25, 1.48)*** 1.34 (1.24, 1.46)*** 

>5 -12 years post 
fracture 

1.19 (1.03, 1.38)* 1.19 (1.02, 1.37)* 

 *p<0.05, ***p<0.001 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  
Supplementary table 3. Associationa (Hazard ratio, 95% Confidence Interval) between 
living situation and post-hip fracture mortality, within levels of comorbidity (Charlson 
index). Subset of NORHip database (2002-2008) with mortality follow-up from the 
National Population Register to 31 Oct. 2014., N=20,582 hip fractures. 
 

 
Comorbidity 
level 

Age-standardized mortality 
(95% Confidence interval) per 
10,000 personyears 

Men Women 

HR (95% CI) alone vs. 
not alone 

HR (95% CI) alone vs. 
not alone 

0 60.6 (58.5, 62.8) 1.93 (1.70, 2.18)*** 1.30 (1.18, 1.43)*** 

1 141.0 (135.4, 146.6) 1.19 (1.03, 1.37)* 1.12 (1.0, 1.25)* 

2 b 380.1 (365.4, 394.7) 1.10 (0.95, 1.26) 1.11 (0.98, 1.25) 

*p<0.05, ***p<0.001 
aadjusted for: age at Census, education level, degree of urbanization and number of 
children 
b N smallest group (men): 435 not dying in the period 2002-2014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  
Supplementary table 4.  Associationa (Hazard ratio, 95% Confidence Interval) between 
living situation in 3 categories and post-hip fracture mortality at different follow-up times. 
34,837 men and women 50-79 years at fracture, NORHip database (2002-2013) with 
mortality follow-up from the National Population Register to 31 Oct. 2014.   
 

 0-30 days  1- 12 months >1 -5 years  5-12 years 

Men     

Living with a 
partner (children 
or no childrenb) 

Reference Reference Reference Reference 

Living alone (have 
childrenb) 

1.25 (1.03, 
1.52)* 

1.28 (1.13, 
1.44)*** 

1.40 (1.28, 
1.54)*** 

1.53 (1.33, 
1.76)*** 

Living alone (have 
no childrenb) 

1.24 (1.0, 
1.53) 

1.18 (1.03, 
1.36)* 

1.31 (1.18, 
1.45)*** 

1.59 (1.37, 
1.84)*** 

Women     

Living with a 
partner (children 
or no childrenb) 

Reference Reference Reference Reference 

Living alone (have 
childrenb) 

1.14 (0.96, 
1.36) 

1.13 (1.02, 
1.25)* 

1.27 (1.18, 
1.35)*** 

1.19 (1.09, 
1.29)*** 

Living alone (have 
no childrenb) 

1.00 (0.75, 
1.35) 

1.23 (1.05, 
1.43)** 

1.35 (1.21, 
1.49)*** 

1.31 (1.15, 
1.48)*** 

*p<0.05,**p<0.01, ***p<0.001 

a adjusted for age at Census, education level and urbanization degree 
b in the household or elsewhere 

 

 

 

 

 

 

 

 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  
Supplementary table 5.  Associationa (Hazard ratio, 95% Confidence Interval) between 
living situation and post-hip fracture mortality at different follow-up times. Sensitivity 
analysis restricted to 11,984 men and women 50-79 years at fracture with hip fracture 
from 1 January 2002- 31 December 2005 (NORHip database) with mortality follow-up from 
the National Population Register to 31 Oct. 2014.   
 

 0-30 days  1- 12 months >1 -5 years  5-12 years 

Men     

Living with a 
partner  

Reference Reference Reference Reference 

Living alone  1.25 (0.96, 
1.65) 

1.25 (1.04, 
1.49)* 

1.40 (1.24, 
1.58)*** 

1.68 (1.46, 
1.92)*** 

Women     

Living with a 
partner  

Reference Reference Reference Reference 

Living alone  1.23 (0.92, 
1.64) 

1.06 (0.90, 
1.23) 

1.39 (1.26, 
1.54)*** 

1.21 (1.10, 
1.32)*** 

*p<0.05,**p<0.01 ***, p<0.001 

a adjusted for age at Census, education level and urbanization degree and number of 
children 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Increased mortality in hip fracture patients living alone. A NOREPOS study 

SUPPLEMENTARY MATERIAL  
Supplementary table 6. Hazard ratios with 95% confidence intervalsa, b for mortality after hip 
fracture in persons living alone vs. living with a partner (reference), according to time after hip 
fracture. 95,887 patients 50-107 years of age. The NOREPOS Hip Fracture Database (2002-2013) 
with mortality follow-up from the National Population Register to 31 Oct. 2014. 
 Number of deaths 

(50-107 years of age) 
HR (95% CI), ages 50-
107 years at fracture 

HR (95% CI), ages 50-70 at 

fracturec 

Men    

0-30 days post fracture 3,383 1.01 (0.94, 1.09) 1.25 (1.05, 1.48)** 

1-12 months post-
fracture 

6,060 1.09 (1.03, 1.15)** 1.28 (1.16, 1.43)*** 

>1 -5 years post-fracture 8,129 1.13 (1.08, 1.19)*** 1.36 (1.26. 1.48)*** 

>5 -12 years post fracture 2,476 1.21 (1.11, 1.32)*** 1.59 (1.41, 1.78)*** 

Women    

0-30 days post fracture 4,166 1.09 (1.01, 1.17)* 1.13 (0.96, 1.33) 

1-12 months post-
fracture 

10,068 1.08 (1.03, 1.13)** 1.15 (1.05, 1.26)** 

>1 -5 years post-fracture 19,741 1.10 (1.06, 1.13)*** 1.29 (1.21, 1.37)*** 

>5 -12 years post fracture 8,433 1.14 (1.08, 1.19)*** 1.22 (1.13, 1.32)*** 

 *p<0.05,**p<0.01, ***p<0.001 
a Flexible parametric survival analysis  
b Adjusted for age at Census, education level, urbanization degree and number of children 
c  Main analysis for comparison 

 


