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Socioeconomic status and its association with the risk of developing hip
fractures: A region-wide ecological study
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Purpose: To determine the association between socioeconomic deprivation (SES) and hip fracture risk.
Methods: Retrospective cohort study using a population-based database (primary care records) of over 5 million
people. Eligibility: all living subjects registered during the period 2009–2012 and resident in an urban area.
Measures: a validated SES composite index (proportion of unemployed, temporary workers, manual workers,
low educational attainment and low educational attainment among youngsters) estimated for each area based
on census data. Outcome: incident hip fracture rates as coded in medical records using ICD-10 codes. Statistics:
zero-inflated Poissonmodels fitted to study the association between SES quintiles and hip fracture risk, adjusted
for age, sex, obesity, smoking and alcohol consumption.
Results: Compared to themost deprived, wealthy areas had a higher hip fracture incidence (age- and sex-adjusted
incidence 38.57 (37.14–40.00) compared to 34.33 (32.90–35.76) per 10,000 person-years). Similarly, most
deprived areas had a crude and age- and sex-adjusted lower risk of hip fracture, RR of 0.71 (0.65–0.78) and RR
of 0.90 (0.85–0.95), respectively, compared to wealthiest areas. The association was attenuated and no longer
significant after adjustment for obesity: RR 0.96 (0.90–1.01). Further adjustment for smoking and high alcohol
consumption did not make a difference.
Conclusion: Wealthiest areas have an almost 30% increased risk of hip fracture compared to the most deprived.
Differences in age–sex composition and a higher prevalence of obesity in deprived areas could explain this higher
risk.

© 2014 Elsevier Inc. All rights reserved.

Introduction

Despite that the hip fracture incidence has stopped increasing in
most developed countries [1], the continuous ageing of the population
allows us to foresee an increase in chronic comorbidities, such as
osteoporosis and ultimately, an increase on the hip fracture incidence [2].

The most direct consequences of the hip fracture are the excess
mortality, followed by the disability, the loss of quality of life and the
institutionalization of the persons affected [3]. Direct and indirect
costs of patients suffering hip fracture double thosewithout [4], remain-
ing a significant challenge for health care systems today and a major
public health problem [5]. Efforts are being made in order to correctly
identify the population at risk throughout the detection of individual
risk factors, such as smoking [6], alcohol consumption [7] or low body
mass index (BMI) [8]; however, these can only partly explain the
great burden of these fractures.

In the last years, the search for other environmental risk factors,
which could contribute to the increased risk of hip fracture, has paved
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the way for socioeconomic studies. Some of these risk factors have
already been identified, such as the marital status [9], having a low
educational attainment [10] or being unemployed [9]; still, data on the
relation between socioeconomic status (SES) indexes and hip fracture
remain scarce and conflicting [9,11–13].

Several of these studies support that people pertaining to a low SES
are at increased risk [14,15], while others have failed to detect an
association between low income or unemployment with the hip
fracture [16,17] or even reported an increased risk of hip fracture in
the wealthiest areas [18]. Nevertheless, the fact that the hip fracture
incidence is not randomly distributed among the social classes, places
the SES as a key factor in the occurrence of this event, and as a leading
cause of possible health inequities.

Health inequities in western countries have been reported in many
diseases including musculoskeletal disorders [19,20]. Being able to
understand the role that the SES plays on the risk of hip fracture can
continue to improve health care policies in order to adequately
distribute the health care services available. The aim of this study was
therefore to determine the impact of SES on the risk of hip fracture on
a primary care population setting.

Methods

Study design and sources of data

We carried out a retrospective ecological study using data from
the Information System for the Development of Research in Primary
Care (SIDIAP) [21]. SIDIAP is a clinical database of anonymized longitu-
dinal primary care patient records, which includes information of
five million people (80% of the Catalonian population and 10.2% of
the total population of Spain) attended in 274 primary practices
by 3414 general practitioners (GP) [22]. The SIDIAP database in
based on the information provided by the Spanish national health
system, which covers the practical totality of the population. The GPs
are the gatekeepers of this system, and all subjects are allocated to a
GP of the public system depending on their main home address. The
information recorded includes demographic information, clinical
diagnoses (International Classification of Diseases 10th revision
[ICD-10]), hospital referrals, laboratory tests and treatments (drug
dispensed in community pharmacies). GPs meeting predefined
standards of quality were allowed to contribute to the SIDIAP [21]
database, providing reliable clinical data for biomedical research
[23,24]. The quality of these data has been previously documented
[21–24], and SIDIAP has been widely used to study the epidemiology
of a number of health outcomes including osteoporotic fractures
[23].

Study exposure

The main exposure considered for this study was the ecological
MEDEA index of deprivation. It was calculated using the following
census-based socioeconomic indicators: unemployment, manual
work, temporary work, low educational attainment and low education-
al attainment among young people. The construction and validation of
MEDEA has been described in detail elsewhere [25]. Briefly, a higher
MEDEA score is indicative of higher deprivation.

SIDIAP was linked to the 2001 census, after harmonization of
the census residences/addresses information and allocation of each
individual to his/her census section. A MEDEA index score based on
the census data for its population was assigned to each of the census
section included, and this was the main study exposure.

All living subjects registered during the period 2009–2012 were
included in the study. Rural areas were excluded, as MEDEA has only
been validated for urban populations.

Study outcome

Incident fractures in the study period (1/1/2009 to 31/12/2012)
were ascertained within both primary care and hospital episodes data
using ICD-10 codes.

Confounders and potential explanatory variables

A set of covariates were defined a priori and adjusted for, in multi-
variable regression models to explore either confounding or potential
causal pathways.

The following variables were characterized at baseline (1/1/2009)
at a census section level (percentage of people with the risk factor/
characteristic of interest): age, sex, smoking, high alcohol consumption
and obesity.

Statistical analysis

Variables were described as weighted means since data were
aggregated on the basis of census tract, which led to unequally sized
population units. Means were therefore weighted according to the
sample size of each of the census sections included in the analysis.
Weighted one-way ANOVA contrasts were performed to contrast
statistical differences between MEDEA quintiles. MEDEA scores were
categorized into quintiles. Age- and gender-standardized incidence
rates were calculated for each of the study outcomes according to
MEDEA quintile. Non-parametric test (an extended version of the
Wilcoxon rank-sum test [26]) for trends for grouped data across
ordered groups was performed to contrast trends through MEDEA
quintiles. The association between MEDEA quintiles (the higher, the
more deprived) and the incidence of these outcomes in 2009–2012
was evaluated using age and sex-adjusted zero-inflated Poisson regres-
sion. The aggregated nature of the data resulted in a higher incidence of
zeros than expected if we considered that the datawere Poisson distrib-
uted. Thus, the association between the MEDEA quintiles (the higher,
the more deprived) and the incidence of the studied hip fractures in
2009–2012 was evaluated using age and sex-adjusted, zero-inflated,
Poisson regression modelling (IRR and 95%CI). We further adjusted
for lifestyle factors (smoking, high alcohol consumption and obesity)
and finally fitted a multivariate model, adjusted for all these factors
and for common comorbidities (hypertension and diabetes) to study
potential causal pathways. Sex and age were included as covariates
in both models for hip fracture, as well as in the modelling of
excess of zeros. Smoking and obesity were also predictors of excess
of zeros and, hence, included in the inflation part of the model.
In addition, a clustered “sandwich” estimatorwas calculated to estimate
the variance–covariance matrix, which allowed us to account for
the correlation between individuals living in the same census tract
[27].

Results

Cohort characteristics

Baseline characteristics are shown in Table 1. The wealthiest
population accounted for a greater number of old women, a lower
proportion of smokers, high alcohol consumption and obese subjects
compared to the most deprived population.

Percentages of people in each of the socioeconomic categories
included in the MEDEA index are shown in Table 2. People pertaining
to the wealthiest social class reported half of the prevalence of manual,
temporary work, unemployment and low educational attainment
compared with the most deprived.
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