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Abstract
Summary In this prospective, 10-year study in community-
dwelling elderly aged 50 years and over, hip fracture
incidence and accordingly age at hip fracture were inversely
associated with the area-level income, independently of the
geographical area. Age at hip fracture also depended of
marital status but in a gender-specific way.
Purpose The purpose of this study is to investigate the
impact of socioeconomic and living conditions on hip
fracture incidence and age occurrence among community-
dwelling elderly.
Method Between January 1991 and December 2000, 2,454
hip fractures were recorded in community-dwelling adults
aged 50 years and over in the Geneva University

Hospital, State of Geneva, Switzerland. Median annual
household income by postal code of residence (referred
to as area-level income) based on the 1990 Census was
used as a measure of socioeconomic condition and was
stratified into tertiles (<53,170; 53,170–58,678; and
≥58,678 CHF). Hip fracture incidence and age occurrence
were calculated according to area-level income categories
and adjusted for confounding factors among community-
dwelling elderly.
Results Independently of the geographical area (urban
versus rural), community-dwelling persons residing in areas
with the medium income category presented a lower hip
fracture incidence [OR 0.91 (0.82–0.99), p=0.049] com-
pared to those from the lowest income category. Those in
the highest income category had a hip fracture at a
significant older age [+1.58 (0.55–2.61) year, p=0.003] as
compared to those in the lowest income category. Age at
hip fracture also depended on marital status but in a gender-
specific way, with married women fracturing earlier.
Conclusions These results indicate that incidence and age
occurrence of hip fracture are influenced by area-level
income and living conditions among community-dwelling
elderly. Prevention programs may be encouraged in priority
in communities with low income.

Keywords Age occurrence . Area-level income . Hip
fracture . Incidence .Marital status . Urban–rural area

Introduction

Osteoporosis and hip fractures cause a huge burden to older
patients, and their caregivers and represent one of the most
important causes of physical disability, social dependence,
and death among the elderly [1, 2]. It is therefore highly
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important to identify populations at risk for osteoporosis
and hip fracture. Socioeconomic conditions have been long
ago a factor used to identify gradients in health and have
been used for public health policy and disease intervention
or prevention. There is evidence that morbidity and
mortality are associated with the individuals’ socioeconom-
ic position as defined by occupation, education, or income
[3–6]. A number of area-level analyses were also performed
and showed that characteristics of the social environment
(e.g., area-level income) may also impact health [7].
However, there has been only limited data regarding
individual socioeconomic conditions [8–10] and in partic-
ular area-level socioeconomic conditions as a risk factor of
hip fracture, and they tend to produce inconsistent
conclusions [11]. While an increased risk of hip fracture
was found in areas of lower socioeconomic conditions [12–
15], other studies suggested that area-level socioeconomic
conditions were not significantly related to the risk of hip
fracture [16, 17] particularly in the oldest old population
[13]. Two reasons may explain these inconsistent results.
First, the inclusion of institutionalized elderly may bias the
relationship between area-level socioeconomic indicators
and risk of hip fracture in oldest old populations. Nursing
homes, where the risk of hip fracture is much greater
because of higher prevalence of physical and mental
impairments [18, 19], may be located in rich or poor areas.
Furthermore, because of place restrictions in nursing
homes, some of the oldest persons (30% in Geneva
between 1995 and 2000) [20] had to leave the districts
where they had lived for a long time when they moved to a
nursing home. As a consequence, areas in which those
institutionalized elderly currently live may not be well
representative, in terms of socioeconomic conditions, of the
areas where they had lived for years. Thus, analyses linking
area-level socioeconomic conditions with the risk of hip
fractures may be better performed on community-dwelling
elderly only. Second, confounding factors of area-level
socioeconomic conditions, such as the geographical area
(rural versus urban), should also be taken into account.
Rural areas were indeed shown to be associated with a
lower risk of hip fracture [21, 22], and this was not
explained by a higher prevalence of nursing homes in urban
area [23]. Being married or living with someone have also a
well-known protective effect on the risk of hip fracture [8–
10, 14, 24–28] and should be considered as a potential
confounder of area-level socioeconomic conditions such as
household income.

Finally, additional research is needed on the temporal
profile of risk factors for hip fracture. Only one study
investigated determinants of time to hip fracture [29] but
did not consider socioeconomic conditions such as area-
level income. Hence, whether age occurrence of hip
fracture depends of the area-level income is unknown.

In this study based on community-dwelling men and
women over the age of 50 years across a 10-year (1991–
2000) period in Geneva (Switzerland), we aimed at testing
two hypotheses: (1) hip fracture incidence is lower with
higher area-level income and (2) hip fractures occur at an
increasing age with increasing area-level income, indepen-
dently of the geographical area and marital status.

Methods

Participants

During the study period, the State of Geneva (Switzerland)
had a population of about 400,000 people, of whom 30%
were aged 50 years or older [23]. Nearly all persons with a
hip fracture occurring in the State of Geneva are hospital-
ized in the Geneva University Hospital (93.4%) [2]. We
utilized the database of the Geneva University Hospital to
identify patients aged 50 and older discharged with a
diagnosis of a hip fracture (ICD-10 code: S72.0–S72.2)
between January 1991 and December 2000. Patients living
outside the State of Geneva, patients with pathological
fractures, and resubmissions (i.e., same hip concerned as in
the first case) were excluded from the database [23, 30, 31].
Those who died during the hospitalization period were
included in the database and calculation.

The database included the patient’s date of birth, his/her
date of hospitalization, gender, address, postal code area,
and marital status at the time of the fracture. Marital status
was used as a proxy of cohabitation status. Both variables
are closely related in very old age. In Geneva, among the
80 years old and over community-dwelling population,
94.8% of the unmarried lived alone and 98.9% of the
married lived together [32]. We determined whether the
patient’s postal address corresponded to an institution or to
a private home by using an address-based register of all
nursing homes in the State of Geneva. Persons residing in
public or private nursing homes and in assisted living
apartments were excluded (1,661 cases of hip fracture
excluded) because the relationship between area-level
socioeconomic indicators and the risk of hip fracture may
be biased among these populations. On this ground, 2,454
hip fractures recorded in 2,321 hospitalized adults aged 50
and older residing in their private home at the time of the
fracture were selected. Patients were characterized by their
age, gender, marital status, and by their residential postal code
on admission. Each postal code was in turn characterized by a
geographical area (urban areas defined by areas with more
than 15 inhabitants per square hectare versus rural) [23] and
by the median household income recorded in the 1990
Census. Each case with contentious residential address was
manually investigated; this resulted in no exclusion.
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Analysis

Hip fracture incidence (number of hip fractures per
100,000 person-years of risk) was computed over the 10-
year period as a function of gender, 5-year age groups
(from 50 years to 85+ years), urban/rural area, and tertiles
of median income categories (less than 53,170 CHF;
53,170–58,678 CHF; 58,678 CHF and over). The tertiles,
with equal numbers of hip fracture cases, presented no
difference in women/men ratios. The year-specific popula-
tion at risk for community-dwelling people was calculated
by subtracting the year-specific population at risk in
nursing home residents (not negligible particularly in the
oldest old population), provided by the General Direction
of Social Services, State of Geneva, from the total year-
specific census population, supplied by the local State
Statistical Office. Using the year-specific population at risk
in nursing homes allowed taking into account the change in
admission routines to nursing homes during the studied
decade observed in many countries, included Switzerland
[33]. The total year-specific census population was strati-
fied by gender, age groups, urban/rural area, and area-level
income categories while the year-specific population at risk
in nursing home residents from 1991 to 2000 was only
available by gender and age groups. To stratify the latter
statistics also by urban/rural area and area-level income
categories, we applied the (gender, age groups, urban/rural
area, area-level income categories) stratification of nursing
homes population available in 2006, provided by the local
State Statistical Office. The consequence of applying
nursing homes stratification from 2006 to nursing homes
data in the period 1991–2000 is probably minor because the
geographical distribution of the nursing homes hardly
changed between 2001 and 2006 with only a 2% reduction
in beds.

The incidence of hip fracture was studied by a
generalized linear model with binomial link function
according to gender, age groups, urban/rural area, and
area-level income categories. The longitudinal design of the
data (i.e., two fractures in the same person for 6.5% women
and 3.6% men) has not been taken into account in the
analysis. However, the longitudinal design has probably
minor impact on the results since complementary analyses
based on first fractures only gave similar results and other
complementary analyses showed that the risk of second hip
fracture was not significantly different according to the
local income categories. The age of hip fractured patients
was examined by analysis of variance according to gender,
urban/rural area, area-level income categories, and marital
status (married versus other statuses—single, widowed, and
divorced). Marital status could not be included in the model
of hip fracture incidence because the population profile by
gender, age groups, urban/rural area, area-level income

categories, and marital status was not available among
community-dwelling elderly (this profile was available for
the total population only). Statistical analyses were com-
puted using the ANOVA and BLOGIT commands of the
STATA release 7 statistical software (StataCorp, College
Station, TX, USA).

Results

Over the 10-year period (1991–2000), 2,454 hip fractures
(1,825 in women and 629 in men) were recorded in 1,714
women and 607 men aged 50 years and over, living in the
community. There was a tendency to increased crude and
standardized incidences of hip fracture in community-
dwelling elderly living in communities with lower area-
level income category, and for those living in urban areas
(the same tendency was observed in men and women;
Table 1). Hip fracture occurred at an increased age for these
populations living in communities with higher income
category or living in rural areas (similar results in men
and women). Being married, compared to other marital
statuses, was associated to a higher mean age at hip fracture
in men while it was associated to a lower mean age at hip
fracture in women (Table 1).

Hip fracture incidence

Community-dwelling persons residing in communities
with the highest income category (58,678 CHF and over)
or in communities with a medium income category
(53,170–58,678 CHF) had significant lower risk of hip
fracture (OR=0.88, p=0.009; OR=0.89, p=0.016, respec-
tively) compared to inhabitants of areas with the lower
income category. When the significant effect of the urban/
rural area was taken into account, this effect of the area-
level income on hip fracture incidence remained in women
(OR=0.86, p=0.007) and in the total population (OR=
0.91, p=0.049) for communities with a medium income
category compared to those with the lowest income
category (Table 2). Elderly living in rural area had lower
risk of hip fracture, regardless of the income category.

Age at hip fracture

Community-dwelling patients residing in communities with
the highest income category had a hip fracture at a
significant older age than those living in areas with the
lowest income category (difference in age at hip fracture =
1.60; p=0.002; model 1, Table 3). This effect remained
when urban/rural area (hip fractured patients in rural areas
being older by 1.74 years; p=0.006) and marital status
(married patients being younger by 3.35 years; p<0.001)
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were taken into account: for men and women gathered,
patients were 1.5 years older (difference in age = 1.58; p=
0.003; model 3; Table 3) in communities with the highest
income category compared to those living in the lowest
income category. Of interest is the differentiated effect of
marital status on age at hip fracture according to gender:
married hip fractured men were three years older (p=0.002)
than hip fractured men with other marital statuses while
married hip fractured women were more than four years
younger (p<0.001) compared to their female counterparts
with other marital statuses (cf. model 3; Table 3).

Discussion

This study aimed at testing two hypotheses: (1) hip fracture
incidence is lower and (2) hip fractures occur at an
increasing age with increasing area-level income. Indepen-
dently of the geographical area (urban versus rural), results
indicated that community-dwelling persons residing in
areas with the medium income category presented a
significantly—albeit borderline—lower hip fracture inci-
dence compared to those from the lowest income category.
This effect was more pronounced among the community-
dwelling women. It may indicate that individual or
household income which area-level income is a proxy or
characteristics of the social environment impact the risk of
hip fracture. At the individual level, lower income was
found to be associated with increased risk of hip fracture in
Swedish women aged over 50 years [8]. Two other more
recent studies confirmed the inverse association between
individual income and risk of hip fracture [9, 27]. Our
results are in accordance with works based on area-level
socioeconomic indicators in the United States, United
Kingdom, and Scandinavia which found an increased risk
of hip fracture in areas of lower socioeconomic condition
[12–15]. One possible pathway is the risk of unhealthy
lifestyles in deprived areas. Unhealthy behaviors (poor diet,
cigarette smoking, physical inactivity during leisure time,
and alcohol consumption—other than moderate) during the
life span are indeed more prevalent in lower socioeconomic
status groups [34–36] and they are associated with higher
risk of hip fracture [37] and with higher rates of injuries
caused by falls [38]. Another explanation could be the
lower propensity of low socioeconomic status groups to
undergo bone density testing before fracture [39]. An
additional theory could be a higher exposure to environ-
mental health risks, such as less adequate build environ-
ment or a lower likelihood of treatment [40].

In our article, community-dwelling persons residing in
areas with the highest income category presented a lower
hip fracture incidence compared to those from the lowest
income category. Our results did not confirm those byT
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Brennan et al. [41] who found that individuals from both
ends of the socioeconomic spectrum had lower bone
mineral density and thus may be at increased risk of
fracture compared with individuals from intermediate
socioeconomic status. Those findings led the latter authors
to speculate that osteoporosis may also be a disease of the
affluent.

Our results also indicate that residents from the highest
income category had a hip fracture at a significant older age
compared to those from the lowest income category. This
finding is not entirely due to the socioeconomic gradients in
life expectancy [6] because additional analyses showed that
differences in age of persons from low versus high income
categories are much lower that differences in age of
fractured patients from those two distinct areas. Since
prevention programs in communities with low income for
home and pediatric injuries have already been shown to be
effective [42, 43], this result should be useful for policy
makers to plan their future prevention programs.

Living in rural areas was not only a protective factor for
hip fracture incidence but also for age occurrence,
independently of the area-level income. With more expo-

sure to sunlight and more physical activity, the rural
lifestyle is supposed to contribute to increased bone
strength and decreased risk of hip fracture [21–23] and as
suggested by the present study, to a delay in hip fracture
occurrence.

Age at hip fracture also depended on marital status but in
a gender-specific way. The protective nature of being
married on hip fracture incidence is well documented in
old age [8–11, 14, 24–28]. It is explained by the social
support inherent in the marital relationship and by the fact
that a spouse may positively influence lifestyle and health
behaviors across the life course. In this study, being married
appeared to delay the hip fracture occurrence only among
men while being married was associated with earlier hip
fracture occurrence among women. One other study on
oldest old populations in Switzerland indicated a higher risk
of mortality for women living with a spouse [44]. One
interpretation of this apparent burden of being married
among oldest old women could be found in their caregiver
role. Within a couple, the wife is more likely to act as a
caregiver. Attending to the impaired can produce a variety
of stressors and affect the health of the caregiver [45]. This

Table 2 Odd ratios for incidence of hip fracture (95% CI; p value) according to area-level income and urban/rural area, by gender, among
community-dwelling hip fractured patients, aged 50 and older (n=2,454 fractures)

All (n=2,454) Men (n=629) Women (n=1,825)

Model 1 53,170–58,678 CHF 0.89 (0.80, 0.98) 0.016 1.02 (0.84, 1.23) 0.855 0.84 (0.75, 0.94) 0.003

58,678 CHF and over 0.88 (0.80, 0.97) 0.009 0.83 (0.68, 1.01) 0.057 0.91 (0.81, 1.02) 0.092

Model 2 53,170–58,678 CHF 0.91 (0.82, 0.99) 0.049 1.05 (0.86, 1.27) 0.639 0.86 (0.76, 0.96) 0.007

58,678 CHF and over 0.93 (0.84, 1.03) 0.144 0.89 (0.73, 1.09) 0.268 0.94 (0.84, 1.06) 0.319

Rural 0.80 (0.70, 0.90) <.001 0.74 (0.59, 0.93) 0.012 0.85 (0.74, 0.99) 0.034

Each age-adjusted model analyzes the incidence of hip fracture according to area-level income (reference category: less than 53,170 CHF),
initially introduced alone (model 1), then with the control of urban/rural area (reference category: urban; model 2)

Table 3 Differences in age at hip fracture (95% CI; p value) according to area-level income, urban/rural area, and marital status, by gender,
among community-dwelling hip fractured patients, aged 50 and older (n=2,454 fractures)

All (n=2,454) Men (n=629) Women (n=1,825)

Model 1 53,170–58,678 CHF 0.08 (−0.92, 1.09) 0.872 0.22 (−2.00, 2.43) 0.848 0.25 (−0.84, 1.34) 0.651

58,678 CHF and over 1.60 (0.59, 2.61) 0.002 3.52 (1.22, 5.81) 0.003 0.97 (−0.11, 2.05) 0.079

Model 2 53,170–58,678 CHF −0.03 (−1.03, 0.98) 0.958 0.06 (−2.17, 2.28) 0.959 0.15 (−0.94, 1.24) 0.785

58,678 CHF and over 1.28 (0.23, 2.32) 0.016 3.01 (0.60, 5.42) 0.014 0.68 (−0.43, 1.80) 0.227

Rural 1.55 (0.29, 2.81) 0.016 1.92 (−0.84, 4.69) 0.172 1.49 (0.12, 2.86) 0.033

Model 3 53,170–58,678 CHF 0.10 (−0.90, 1.09) 0.846 −0.37 (−2.60, 1.85) 0.743 0.10 (−0.97, 1.16) 0.857

58,678 CHF and over 1.58 (0.55, 2.61) 0.003 2.39 (−0.03, 4.81) 0.053 0.96 (−0.13, 2.05) 0.083

Rural 1.74 (0.49, 2.98) 0.006 1.74 (−1.00, 4.49) 0.213 1.66 (0.32, 3.00) 0.015

Married −3.35 (−4.20, −2.51) <0.001 3.07 (1.17, 4.96) 0.002 −4.63 (−5.59, −3.67) 0.000

Each model corresponds to an analysis of variance in which age at hip fracture is explained by area-level income (reference category: less than
53,170 CHF), initially introduced alone into the model (model 1), then with the control of urban/rural area (reference category: urban; model 2)
and of marital status (reference category: other marital statuses; model 3)
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result can also be an artifact due to the underlying
population if married community-dwelling women were
younger than unmarried community-dwelling women.
However, it can be assumed that age difference between
the married and unmarried community-dwelling women is
quite low. Unmarried women and especially widowed
women are generally older than married women but they
are also at greater risk to live in nursing homes, especially
the oldest old. This household selection may decrease the
age difference between the married and unmarried
community-dwelling women.

This study has several strengths and originalities. First,
to our knowledge, this is the first study on socioeconomic
determinants of hip fractures that excluded institutionalized
elderly. The inclusion of institutionalized elderly may bias
the relationship between area-level socioeconomic indica-
tors and risk of hip fracture in oldest old populations. In
Geneva, nursing homes, in which about 40% of the hip
fractures occur [2, 31], are more likely to be located in rural
areas [23] which correspond to higher income areas.
Furthermore, socioeconomic conditions of the areas in
which institutionalized elderly currently live are not
representative of socioeconomic conditions of the areas
where they had lived for years before [20]. Analyses not
reported here showed that incidence and age occurrence of
hip fracture were not significantly related to area-level
income when institutionalized elderly were included.
Second, to our knowledge, the relationship between area-
level income and age of hip fractured patients has not
previously been investigated. It goes further than simply
informing that hip fractures occur earlier among persons
residing in the lowest income category. It gives an
estimation of how much younger are the hip fractured
patients living in such areas. A third strength of this study is
that virtually all hip fractures that occurred within the State
of Geneva were treated in a single hospital assuring a
homogeneous record of all cases of hip fractures. Finally,
multiple counts of hip fracture cases were minimized here
by excluding cases that were admitted for complications of
the fracture.

Our findings have some limitations. First, indicators of
patient health state or comorbid diseases would have been
useful to better interpret the pathway between area-level
income and hip fracture incidence or age occurrence.
Second, a study limitation is the absence of individual data
for income. However, area-level measures of income are
useful to identify areas of elevated hip fracture risk and to
allow for policy-level interventions in specific areas. Third,
data in community-dwelling elderly stratified by marital
status were not available. Fourth, persons from higher SES
were probably over-represented in the community-dwelling
studied population because of their better health and their
financial resources to pay for private care allowing them to

stay at home. This selection bias may have decreased the
hip fracture gradient according to local income in the sense
that a higher proportion of hip fractures among persons
from lower SES may have occurred in nursing homes.

In conclusion, our results indicate that area-level
socioeconomic factors, notably income based on census
data, influence hip fracture incidence and age occurrence in
community-dwelling elderly. Therefore, prevention pro-
grams and direct health interventions could be focused in
priority in communities with low income to possibly reduce
hip fracture incidence and/or delay its occurrence.
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