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ABSTRACT

Summary: We investigated the association between hip fracture incidence and living area
characteristics in France. The spatial distribution of hip fractures incidence was heterogeneous and
there was a significant relationship between social deprivation, urbanization, health access and hip

fractures risk.

Purpose: Several studies have shown great disparities in spatial repartition of hip fractures (HF). The
aim of the study was to analyze the association between HF incidence and characteristics of the living

drea.

Methods: All patients aged 50 or older, living in France, who were hospitalized for HF between 2012
and 2014 were included, using the French national hospital discharge database. Standardized
Incidence Ratio (SIR) were calculated for each spatial unit and adjusted on age and sex. An ecological
regression was performed to analyze the association between HF standardized incidence and
ecological variables. We adjusted the model for neighborhood spatial structure. We used three
variables to characterize the living areas: a deprivation index (French-EDI); healthcare access (French

standardized index); land use (percentage of artificialized surfaces).

Results: 236,328 HF were recorded in the French hospital national database, leading to an annual HF
incidence of 333/100,000. The spatial analysis revealed geographical variations of HF incidence with
SIR varying from 0.67 [0.52; 0.85] to 1.45 [1.23; 1.70]. There was a significant association between
HF incidence rates and: (1) French-EDI index (trend p=0.0023); (2) general practitioner and nurse
accessibility (trend p=0.0232 and p=0.0129, respectively); (3) percentage of artificialized surfaces

(p<0.0001).

Conclusion: the characteristics of the living area are associated with significant differences in the risk

of hip fracture of older people.
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INTRODUCTION

In Europe, hip fractures (HF) are the second most common osteoporotic fractures after vertebral
fractures (1). In the United States, their annual incidence rate was 195/100,000 in 2012 (2). These
fractures mostly occur in elderly subjects following a low kinetic trauma related to a fall from their
own height. HF represent a major public health issue for older adults as they are associated with
unplanned use of care, loss of functional independence, higher risk of institutionalization and death

(3-5). Their annual cost in Europe was estimated at 20*10° euros in 2010 (1).

There are spatial disparities in the incidence of HF, both at continental and national levels (2,6). Most
national-level studies use large spatial units (regions or provinces), which limits the accuracy of the
spatial description of HF incidence (7,8). Although the main risk factors for HF are well identified, the
cause of these variations is not known. The spatial heterogeneity of distribution suggests that
environmental and socio-economic factors are involved in the occurrence of HF. Among these factors,
social deprivation has been analyzed at both individual and ecological levels (9—12), urbanization was

studied at the individual level (13), and health access was not investigated.

The objective of this study is to analyze the spatial distribution of HF incidence on a small scale in
metropolitan France and to study the association between HF incidence and relevant characteristics of

the living environment (social deprivation, land use and healthcare disparities).

METHODS

Study area

This study was conducted in metropolitan France totaling 64 million inhabitants at the time of the
2013 population census conducted by the French National Institute of Statistics and Economic Studies
(INSEE) (14). Its surface area is 543,965 km?, with an average of 118 inhabitants per km®. The French
population dispersal on the territory is extremely heterogeneous: 10% of the population lives on 50%

of the territory (21 inhabitants/km?®), while 40% of the population is concentrated on 1% of the



territory, with densities exceeding 20,000 inhabitants/km? (in Paris). A hybrid spatial unit, described in
our previous work, has been used dividing the French area in 5,610 analysis spatial units (15). These
5610 analysis spatial units have a median surface area [interquartile range] of 70.0 [21.6; 147.6] km?,

and a median population of 6,300 [3,500; 11,800] inhabitants.

Ethics and approvals

This observational study consisted of a secondary use of nationwide anonymous data. It was
performed within the frame of a specific French national regulation. This study was approved by the
CNIL (the French government’s office for data protection), authorization number 1928270. No IRB

approval was necessary.

Data source

HF cases were issued from the French nationwide hospital discharge database which covers all non-
profit and for-profit healthcare facilities in France (16). For each inpatient stay, the standardized
discharge record notably included: socio-demographic data (age, gender, anonymized ZIP code),
primary and associated discharge diagnostic codes encoded in ICD-10 (WHO’s International
Classification of Diseases, 10th revision), and diagnostic and therapeutic procedures encoded in

CCAM, a French terminology.

Data extraction

A first selection of patients was carried out over the 2012-2014 period. The inclusion criteria were: 1)
age 50 or over; 2) place of residence in metropolitan France (excluding ultramarine areas); 3)
diagnosis of hip fracture according to the ICD-10 classification (codes: $72.0, S72.1, S72.2, S72.9).
The exclusion criteria were hip fracture on prosthesis (M96.6), mechanical or infectious complications
of prosthesis (T84.*), arthritis with pyogenic bacteria (M00.*), infectious arthritis (M01.*), and

multiple fractures (T029).

Among the eligible patients, a second selection was made by including data from the 2007-2011

period in order to exclude patients at risk of pathological fracture in 2012-2014. Patients who had at



least one hospitalization with one of the following codes during the period 2007-2011 were
secondarily excluded: malignant tumor of the long bones of the lower limb (C40.2), malignant tumor
of the bones and joint cartilage of a limb (C40.9), secondary malignant tumor of bone and bone
marrow (C79.5), multiple myeloma (C90.0), pathological fracture - multiple site (M884.0),
pathological fracture - pelvic region and thigh (M884.5), pathological fracture - other locations
(M884.8), pathological fracture - site unspecified (M884.9). Stays were excluded if one of the above
codes was present, either for the current stay (between 2012 and 2014) or as an antecedent (between
2007 and 2011). The ICD-10 codes used for patient inclusion and exclusion are based on a synthesis

of several similar studies recently published on the epidemiology of HF (12,17,18).

HF incidence rate

The HF incidence rate was then calculated for each of the 5610 analysis spatial units. The population
data used for the incidence calculations came from the 2013 INSEE census. The data were stratified

by sex and five-year age group.

Ecological variables

The ecological variables were selected from the aggregated indicators, validated and available at the
spatial unit of open data analysis. The indicators represented social disadvantage, healthcare disparities

and land use.

Deprivation index. The social disadvantage data were obtained using the French version of the
European Deprivation Index (19,20). Higher is the French-EDI, more important is the deprivation in
the spatial unit. The EDI is an ecological index of social deprivation constructed on a very fine scale.
It is a weighted combination of census variables: home ownership, home overcrowding, presence of
bath or shower, car ownership, single-parent families, education level, employment and foreign

nationality.

Healthcare disparities. Healthcare accessibility was measured using the Localized Potential
Accessibility Index (LPA) proposed by Barlet et al. (21). For each spatial unit, this indicator

represents the accessibility to an average number of consultations of one practitioner per inhabitant.
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This indicator considers, among other things, the distance by road between a patient and his or her
healthcare professional, the age structure of the population and the number of annual consultations per
healthcare professional. The LPA was measured for general practitioners (GP accessibility) and for

private nurses (Nurse accessibility).

Land use. We considered for each analysis spatial unit the percentage of artificialized surfaces,
corresponding to level 1 (artificial surfaces) of the CORINE Land Cover database (22). This
percentage included urban fabrics, industrial, commercial and transport units, mine, dump and

construction sites and artificial non-agricultural vegetated areas.

Statistical analyses

Descriptive analysis. Quantitative variables were described by means (and standard deviations, SD) in
the case of normal distribution, and by their median (and interquartile ranges) otherwise. The
normality of the variables was assessed using histogram, normal probability plot and the Shapiro-Wilk

test. The qualitative variables were described by their frequencies (and percentages).

Standardized Incidence Ratios (SIR). The spatial distribution of HF incidence was assessed using
Standardized Incidence Ratios (SIR) computed for each spatial unit. For a spatial unit, the SIR is
defined as the ratio between the observed number of HF and the expected number of HF calculated by
using an indirect standardization on age and gender which are well-known confounding factors of HF

incidence (23). 95% CI denote the 95% confidence intervals.

Spatial heterogeneity and spatial autocorrelation evaluation. The existence of spatial variation of HF
incidence between spatial units has been tested by the Potthoff-Whittinghill test (24). The presence of
spatial autocorrelation among the spatial units was quantified using the Moran's index (25) (a value

greater than 0 denotes the presence of autocorrelation) and tested using Moran's test (26).

Smoothed SIR and ecological regression. In order to take into account the SIR instability related to
low frequencies and the spatial autocorrelation, the SIRs were smoothed using the Bayesian Poisson
regression model proposed by Besag et al. (27). In order to analyze the association between HF age-

and-gender standardized incidence and ecological variables, we used an extension of the previous
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model, namely ecological regression, consisting in the inclusion of ecological covariates as fixed
effects in the model. All ecological covariates were included in this multivariate model. Each
ecological covariate was divided into quartiles. For each level of the ecological covariates, a relative
risk of HF incidence and its Bayesian credibility interval (BCI) were computed. For each categorical
ecological covariate, a trend test was performed. As HF incidence was different between men and
women, we performed a stratified analysis according to gender. A sensitivity analysis was carried out
to assess the independence of the three ecological covariates (deprivation index, healthcare access and
land use) by adding and evaluating interaction terms in the previously described Bayesian ecological

regression model.

The Potthoff-Whittinghill and Moran's methods, SIR's smoothing and ecological regressions were
carried out using the R software v. 3.4.3 (packages: DCluster, R-INLA) (28). Maps were produced
using the QGIS 2.18 software (29). All statistical analyses were considered significant at 0.05 type 1

eITor.

RESULTS

Crude HF incidence in metropolitan France

In 2013, the total population of people aged 50 or over residing in metropolitan France was
23,624,484, including 12,894,655 women (54.6%). Between 2012 and 2014, 236,328 incident cases of
hip fractures were recorded in the French national hospital discharge database (74.3% female and
25.7% male). Data extraction and selection process are detailed in Figure 1. The median age of
occurrence was 82 [72; 88] years in men and 85 [80; 90] years in women. The average annual
incidence of HF was therefore 333/100,000 (95% CI [332.1; 334.8]). Details of the stratified
incidences by age and sex are provided in Table 1. The incidence was higher among women in all age
groups. Moreover, the annual incidence increased sharply with age, rising from 27/100,000 among

women aged 50-54 to 2043/100,000 between 85 and 89 years old.

Geographical variations of HF incidence



There was a significant spatial heterogeneity of HF incidence rates (Potthoff-Whittinghill test
p=0.001) with evidence for spatial autocorrelation between the different spatial units (Moran I
statistics = 0.10; p=0.001). Therefore, a Bayesian hierarchical Poisson model for smoothing
Standardized Incidence Ratios (SIRs) was used for the analyses. The age-and-gender- smoothed SIRs
varied from 0.67 [0.52; 0.85] to 1.45 [1.23; 1.70]. The geographical distribution of smoothed SIRs is

presented in Figure 2.

Association with ecological variables

The results of the ecological regression analysis between HF incidence rates and ecological variables
are shown in Figure 3. No interaction term was significant in the sensitivity analysis, suggesting that

the three ecological covariates were independent. The results are detailed in supplementary data 1.

Regarding social disadvantage, there was a significant association (trend p=0.0023) between HF
incidence rates and French-EDI index: compared to the first quartile of French-EDI (Q1), the relative

risk of HF was 1.02[1.00; 1.03] for Q2, 1.03[1.01; 1.05] for Q3 and 1.03[1.01; 1.05] for Q4.

Regarding healthcare disparities, a significant association (trend p=0.0232) was observed between HF
incidence rates and GP accessibility: compared to the highest values of GP accessibility (Q4), the
relative risk of HF was 1.01 [0.99; 1.03] for Q3, 1.01 [0.99; 1.03] for Q2 and 1.02 [1.00; 1.04] for Q1.
A significant association was also observed (trend p=0.0129) between HF incidence rates and Nurse
accessibility: compared to the highest Nurse accessibility values (Q4), the relative risk of HF was 1.01

[0.99;1.03] for Q3, 1.01 [0.99; 1.03] for Q2 and 1.02 [1.00;1.05] for Q1.

Regarding land use, a significant association (p<0.0001) was observed between HF incidence rates
and the percentage of artificialized surfaces: compared to the highest percentages (Q4), the relative

risk of HF was 1.00 [0.99; 1.02] for Q3, 1.04 [1.02; 1.06] for Q2 and 1.04 [1.02; 1.07] for Q1.

Difference between men and women

The results of the analysis stratified according to gender is provided in Table 2. The association

between Fench-EDI and HF incidence rates was no longer significant in women (trend, P=0.16) but



remained significant in men (trend, P<0.0001). Relative risks for all quartiles of French-EDI were all
higher in men than in the whole population. Similarly, the association between nurse accessibility and
HF incidence rates was no longer significant in women (trend, P=0.53) but remained significant in

men (trend, P<.01).

DISCUSSION

In our study, the average annual incidence of HF in France between 2012 and 2014 was 333/100,000,
and most of these fractures occurred in people over 75 years of age. The spatial distribution of HF
incidence was heterogeneous in France. There was a weak significant relationship between the

characteristics of the elderly person's living area and HF risk.

In Europe, HF incidence varies significantly, from 132/100,000 in Poland to 439/100,000 in Denmark
(30,31). In the USA, the annual incidence of HF is estimated at 195/100,000 among people over 50
years of age (32). In our study, the estimated annual HF incidence rate is 333/100,000 and is consistent
with Western countries' data. The spatial heterogeneity of HF incidence has been observed in several
countries: in the USA at the provincial level, in the UK at the regional level, in Germany at the Lander
level, and in Portugal at a small-scale level (municipalities) (18,33—35). In France, heterogeneity has
also been highlighted by a very large scale (36) and we confirm these results with a fine-scale spatial

analysis.

In our study, an ecological regression showed an association between HF incidence and social
deprivation. This association is known and demonstrated at the individual level in several prospective
and retrospective cohort studies (Spain, Switzerland, UK) (10,11,37). This association was also
highlighted at the ecological level in a study carried out in Portugal by Oliveira et al. (38). Our study
also finds an association with healthcare accessibility and the percentage of artificialized surface of the
living area. This result, derived from an ecological regression, seems interesting since this information
is difficult to collect in a detailed and standardized way at the individual level. The search for an
association between the risk of HF and urbanization of the living area is often based on a qualitative

variable (rural/urban). This measure is coarser than the use of the standardized European land use



measure. This may explain conflicting results regarding the comparison of HF incidence between rural
and urban populations (13,34). Access to primary care has not been studied at the individual level as a
risk factor for HF. Studies on healthcare disparities related to HF described access to surgery and

rehabilitation (39,40).

High prevalence of adverse lifestyle habits (e.g. smoking, excessive alcohol intake...) and poorer
dietary quality (e.g. protein intake, calcium and vitamin D intake...) are associated with lower
socioeconomic status. Given documented adverse effects on bone health, these habits are likely to
contribute to socioeconomic variation in our study. A similar finding of greater association between
social deprivation and HF risk in men than women has been previously documented (33,41,42).
Possible explanations include the different magnitude of lifestyle habits between men and women,
greater frequency of traumatic events in men than women, undertreatment of osteoporosis in men
(43,44) and greater frequency of multimorbidity in men than women (45) in low compared with high

socioeconomic status groups.

The strengths of our study are: the number of subjects included ensuring significant statistical power at
the national level, the fine-scale spatial analysis reducing ecological bias, the use of a robust statistical
method to adjust on spatial autocorrelation to describe the links between incidence and ecological

variables, the use of validated and standardized ecological variables.

However, some limitations should be highlighted. First, ecological variables are measured at the scale
of the living territory and not at the individual level. As a result, the associations found in this study
cannot be considered at the individual scale. In addition, the coding of diagnoses in the French
national hospital discharge database can lead to errors with a risk of not including some patients
admitted for HF. However, these errors are probably minimal since the financing of hospital stays
depends on the coding in the French nationwide hospital discharge database. Another limitation is that
the level of trauma and several important confounders that may affect the risk of HF at the individual
level — including falls, drugs, comorbidities (e.g. Charlson comorbidities index...), physical activity,

body mass index, smoking, alcohol consumption, and use of vitamin D and calcium supplements —
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were not assessed. In addition, we had no information on bone mineral density and drugs used to treat

osteoporosis (e.g. bisphosphonates, hormone replacement therapy...).

In conclusion, the characteristics of the living area are associated with the risk of HF among the
elderly living there. Future epidemiological studies analysing individual HF risk factors could use

information on the living environment via open access data.
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Table 1: Total number of hip fractures, French population (2013 national census) and average annual

incidence of hip fractures per 100,000, stratified by age and gender.

Number of hip

Age group fractures Population in 2013 Average annual incidence rate [95% CI]
(years) Women Men Women Men Women Men

50-54 1,752 2,300 2,156,672 2,067,911 27.1[25.8; 28.4] 37.1[35.6; 38.6]
55-59 3,111 2,994 2,094,092 1,965,394 49.5 [47.8; 51.3] 50.8 [49; 52.6]
60-64 4,812 3,779 2,071,333 1,925,628 77.4[75.3; 79.6] 65.4 [63.4; 67.5]
65-69 6,427 4,023 1,649,077 1,496,495 129.9 [126.8; 133.1] 89.6 [86.9; 92.4]
70-74 8,876 4,324 1,266,545 1,075,314 233.6 [228.8; 238.5] 134 [130.1; 138.1]
75-79 18,242 7,394 1,257,556 936,511 483.5 [476.6; 490.6] 263.2 [257.2; 269.2]
80-84 36,308 11,589 1,127,970 706,912  1,073.0 [1,062.0; 1,084.0] 546.5 [536.6; 556.5]
85-89 49,268 13,773 803,701 395,724  2,043.4 [2,025.4; 2,061.5] 1,160.2 [1,140.9; 1,179.6]
90-94 36,079 8,670 367,011 136,739  3,276.8 [3,243.2; 3,310.7]  2,113.5[2,069.5; 2,158.2]
95-99 8,758 1,625 81,957 19,874 3,562.0 [3,488.2; 3,637.0] 2,725.5[2,596.2; 2,859.6]
> 100 1,949 275 18,741 3,327 3,466.6 [3,316.2; 3,622.2]  2,754.9 [2,448.3; 3,089.9]

95% CI: 95% confidence interval

15



Table 2: Relative risks (RRs) (95% Bayesian credibility interval) of hip fractures by quartiles of French-EDI social deprivation index, GP and Nurse

accessibility, and percentage of artificialized areas, according to Bayesian multivariate ecological regression, stratified by gender.

Women Men
RR 95% CI Trend (p) RR 95% CI Trend (p)

French-EDI

Low, Q1, Reference 1 1

Q2 0,995 [0.9753-1.0151] 1,0429 [1.0131-1.0725]

Q3 1,002 [0.9812-1.0233] 1,0513 [1.0192-1.0833]

Q4 1,004 [0.9822-1.0253] I.S. 1,0811 [1.0492-1.1152] <.0001
GP accessibility

High, Q4, Reference 1 1

Q3 1,008 [0.9863-1.0302] 1,009 [0.9775-1.0405]

Q2 1,015 [0.9943-1.0361] 1,012 [0.9837-1.0412]

Q1 1,031 [1.0072-1.0544] <.05 1,0141 [0.982-1.0483] <.05
Nurse accessibility

High, Q4, Reference 1 1

Q3 0,991 [0.9695-1.0131] 1 [0.9704-1.0305]

Q2 1,021 [0.9973-1.0463] 1,0071 [0.9731-1.0412]

Q1 1,021 [0.9945-1.0483] n.s. 1,0251 [0.9873-1.0644] <.05
% Artificialized areas

High, Q4, Reference 1 1

Q3 1,006 [0.9841-1.0274] 1 [0.9708-1.0302]

Q2 1,0471 [1.0222-1.0725] 1,0393 [1.005-1.0737]

Q1 1,0565 [1.0274-1.0865] <.0001 1,0431 [1.0043-1.0834] <.01

Abbreviations: RR: relative risk; CI: confidence interval; GP: general practitioner; n.s. not significant
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Figure 1: Flow-chart of included hospital stays and patients

Hospital stay for HF among people 250 years,
Metropolitan France ; period 2012-2014
n = 274,969 hospital stays

8,351 hospital stays: hip fracture on prosthesis,
mechanical or infectious complications
of prosthesis, arthritis with pyogenic
bacteria, infectious arthritis, and
multiple fractures

» 26,507 hospital stays: multiple hospital stays
for HF per patient (only the first one is
kept for analysis)

L 4

Patients 250 years hospitalized for a first HF
n = 240,111 patients

X—- 3,783 patients: malignant tumor or

pathological fracture, either for the
current stay (between 2012 and 2014)
or as an antecedent (between 2007
and 2011)

b

236,328 incident cases of HF among patients
aged 50 years and older
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Figure 2: Smoothed age-and-gender standardized incidence ratios (SIRs) of hip fractures in
metropolitan France, 2012-2014.
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Figure 3. Relative risks (RRs) (95% Bayesian credibility interval) of hip fractures by quartiles of
French-EDI social deprivation index, GP and Nurse accessibility, and percentage of artificialized

areas, according to Bayesian multivariate ecological regression.
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Variable RR
French-EDI (low, Q1, Referent) 1 ]
French-EDI (Q2) 1.0151 ]
Trend: p=0.0023
French-EDI (Q3) 1.0263 L
French-EDI (high, Q4) 1.0253 L
GP accessibility (high, Q4, Referent) 1 L]
GP accessibility (Q3) 1.006 L
Trend: p=0.0232
GP accessibility (Q2) 1.0101 L
GP accessibility (low, Q1) 1.0202 L]
Nurse accessibility (high, Q4, Referent) 1 [ ]
Nurse accessibility (Q3) 1.009 L
Trend: p=0.0129
Nurse accessibility (Q2) 1.0121 L]
Nurse accessibility (low, Q1) 1.0222 L]
% Artificialized areas (high, Q4, Referent) 1 [ ]
% Artificialized areas (Q3) 1.014 ]
Trend: p<0.0001
% Artificialized areas (Q2) 1.0367 L]
% Artificialized areas (low, Q1) 1.0439 L]
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