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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 (Cl): 1.29, 1.44, HR women=1.23, 95% Cl: 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% Cl: 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.) 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, *® and excess mortality persists for many years
after the fracture.®® The particularly high early mortality has been linked to pre-fracture comorbid
conditions such as cardiovascular disease, cancer and dementia, 1% factors relating to the treatment
(e.g. in-hospital resources, type of surgery and surgical delay), ***? and to complications such as
infections and delirium. >4 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, *> though additional risk
factors may affect long-term mortality, such as inappropriate prescribing of medications, *¢' and
subsequent fractures. ”*”) 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, 4 lower
educational attainment, *® daily smoking, low BMI and other lifestyle-factors. **%, and lower amount of
perceived social support from friends and family. ?® An association between being unmarried and
higher post-hip fracture mortality has also been suggested in women, but results are inconclusive in
men. @Y 9 For unclear reasons, male hip fracture patients have the highest excess mortality, compared

to women. 4

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., *? and later summarized in a meta-analysis by Holt-
Lunstad et al. ?® Even in the younger age groups people who live alone have increased risk of dying from
cardiovascular events compared to those not living alone. ?#?> Whether a person is living alone or not
has been found to predict mortality in community dwelling elderly, ?*?® and it is also a feasible

measure which may easily be included in both public health interventions and in clinical settings as an



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
guestions 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



The NOREPOS ?”) 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 S72.0-572.2), 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). ?®

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


http://www.norepos.no/documentation

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 (213 years).
As post hip fracture mortality has been found to vary between urban and rural areas in Norway,*® 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%
Cl) 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-



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 (CCl) 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 %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 CCl by age group). The total
CCl 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 CCl in investigating the association between living situation and mortality

was performed, and potential interactions between CCl 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



(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



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% Cl) 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% ClI: 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% Cl: 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% Cl: 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% Cl: 1.41, 9.07), but

the hazard ratio also peaked at 2.9 years post-fracture (predicted HR=1.96, 95% Cl: 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% Cl: 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% Cl: 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 >33 on the role of social contact /social support on post-hip fracture mortality. Alegre-
Lopez et al®® 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 250 years of age.
Pre-fracture living situation (alone vs. in the company of others) was not found to be associated with 1-
year mortality.®® 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.(?

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.® 3> 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. ?”) Social support may also have an important “buffering effect” against stress

during illness or trauma, such as when experiencing a hip fracture. 333436

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. ¢” 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. ®® For hip fracture patients living with a partner, social support may
imply better adherence to medications, which is important for long-term survival. (*”3% 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.*® 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.

High mortality after hip fracture has been linked to pre-fracture co-morbid conditions, in particular
malignancy, cardiovascular disease and pulmonary disease. >*%4Y) Factors such as delay of surgery is
often due to patients’ anticoagulant medication regulation and comorbidities optimization. “? 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. (:24%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. 4

Keeping in mind that older men (>75 years) have been found to have the highest absolute mortality
after hip fracture, #2144 3 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. “* 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. ¢ A high alcohol
intake may also be associated with a higher degree of comorbidity, “” 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. “¥ 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. 2% 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. ?? In addition, urban dwellers are observed to have less social contact and fewer friends

(49

they can rely on for help than people living in rural areas.”? 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, CCl) 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). 3 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.
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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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