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Highlights
e The incidence rate (IR) of hip fracture among women was three times higher than in
men.
e In a population in which 10% of the women were illiterate,

illiteracy independently increased the risk of hip fracture in women by 55%.

e Clinically significant, treatable depression independently increased the risk of hip
fracture in women, smoking and disability increased the risk in men, and dementia did
not increase the risk in either gender.
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ABSTRACT

Objectives

To analyze independently in men and women the incidence rate of and risk factors for hip
fracture in a southern European population. llliteracy, dementia, clinically significant
depression and disability were factors to receive special emphasis.

Study design

A community sample of 4,803 individuals aged over 55 years was assessed in a two-phase
case-finding study in Zaragoza, Spain, and was followed up for 16 years. Medical history and
psychiatric history were collected with standardized instruments, including the History and
Aetiology Schedule, the Geriatric Mental State (GMS) scale, and a Risk Factors Questionnaire.
Operational criteria were used to define covariates, including diagnostic criteria for both dementia
and depression.

The statistical analysis included calculations of incidence rate, IR; women/men incidence rate
ratio (IRR); and Hazard Ratios (HR) in multivariate Cox proportional hazards regression models.
Main outcome measures

Cases of hip fracture (International Classification of Diseases, WHO) identified in the
treating hospitals, validated by blinded researchers.

Results

Hip fractures were more frequent among women than men (IRR=3.1). llliteracy (HR= 1.55) and
depression (HR= 1.44) increased the risk in women, and smoking (HR= 2.13) and disability in
basic activities of daily living (HR= 3.14) increased the risk in men. Dementia was associated
with an increased risk in univariate analysis, but the association disappeared (power= 85% in
men, 95% in women) when disability was included in the multivariate models.

Conclusions

The IR of hip fractures was three times higher among women. llliteracy and clinically significant
depression among women and active smoking and disability (HR= 3.14) among men

independently increased the risk, but dementia did not.

Keywords: Hip fracture, risk factors, gender, disability, dementia, depression

Abbreviations: HAS: History and Aetiology Schedule; GMS: Geriatric Mental State; DSM-IV:
Diagnostic and Statistical Manual, 4t edition; AGECAT: Automated Geriatric Examination for
Computer Assisted Taxonomy; HR: Hazard Ratio; WHO: World Health Organization; IRR:
Incidence Rate Ratio; bADL's: basic Activities of Daily Living; iADL’s: instrumental Activities of
Daily Living; ZARADEMP: Zaragoza Dementia and Depression Project.



1. Introduction

Hip fractures are a major public health concern, particularly among the older individuals,
because of the high incidence and negative implications reported [1]. While recent studies
suggest a rupture in the expected increase trend on the incidence of this pathology [2], hip
fractures, similarly to other fractures continue to augment in absolute numbers due to the
increased life expectancy and therefore some authors describe ‘a worldwide epidemic’[3].
Nevertheless, wide differences in the incidence rate of hip fracture by sex and age have been
reported in different countries [4], suggesting the need of new studies to document region-
specific rates and to detect specific environmental risk factors to support clinical programs and
preventive actions.

A considerable number of factors has been considered to increase the risk of hip fractures [5].
Still, controversies persist as to the specific weight of individual factors such as gender or low
educational background [6]. Furthermore, while previous studies suggest that factors leading
to a hip fracture might differ between men and women in an important way, only few studies
have analysed the risks independently [7] . In relation to educational level, in a country such as
Spain this might be “the last opportunity” to study the influence of illiteracy, which was very
frequent in the older generations until recently, particularly among women [8]. Controversy
also persists as to the role of potentially preventable risk factors with strong environmental
influence, including life styles such as tobacco or alcohol use or diet-related
disturbances[9][10]; or to the potential risk associated with conditions with important clinical
implications in the elderly, such as dementia [11] and depression [12]. New methods seem
now appropriate to clarify the potential risk associated with these conditions, such as the
study of clinically significant, treatable depression, since previous studies only used
guestionnaires and scales to measure symptoms [12]. Moreover, most of these studies on
dementia or depression did not control simultaneously for disability, which is strongly
associated with both conditions in the elderly [13] and has also been reported to be an
independent risk factor of hip fractures [5][14].

The present study aims to document separately in men and women the incidence rate and
relevant risk factors of hip fracture in a Southern European population. Risks associated with

illiteracy, dementia, clinically significant depression and dependency receive special emphasis.



2. Methods

2.1. General Design and Study Population

The sample for the present study was drawn from the Zaragoza Dementia and Depression
(ZARADEMP) Project [15], a longitudinal, five-wave epidemiological enquiry, intended to
document in this typical, large city in Spain the incidence and risk factors of somatic and
psychiatric diseases in the adult population aged 255 years . A random sample of community
dwelling people, stratified with proportional allocation by age and sex, was drawn from the
eligible individuals in the Spanish official census lists. The refusal rate was 20.5%, and
4,803 individuals were ultimately interviewed at baseline (wave |, starting in 1994). The
Helsinki convention principles of written informed consent, privacy, and confidentiality have
been maintained throughout the Project, and the Ethics Committee of the University of
Zaragoza and the Fondo de Investigacion Sanitaria (FIS) approved this study, according to
Spanish Law.

A two-phase, case finding design was implemented, the main outcome for this report being
incident hip fractures in the study period (1994-2010). In phase 1, lay interviewers (trained,
senior medical students) conducted interviews and assessments in the participants’ homes,
and institutionalized subjects were assessed in their place of residence. Standardized, Spanish
versions of instruments were used throughout, including the following:

-History and Aetiology Schedule (HAS) [16], a standardized method to collect medical
and psychiatric history data from a caregiver or directly from the respondent when he or
she is judged to be reliable;

-Geriatric Mental State B (GMS-B) [17], a semi-structured standardized clinical interview
incorporating Automated Geriatric Examination for Computer Assisted Taxonomy (AGECAT), a
set of computer algorithms to analyze the GMS data resulting in a psychiatric diagnosis [18].
-Lawton and Brody scale [19] and Katz's Index [20], to assess instrumental (iADL’s) and basic
activities of daily living (bADL’s), respectively.

-The European Studies of Dementia (EURODEM) Risk Factors Questionnaire, to collect
information on medical conditions considered to be risk factors of dementia [21].

The individuals were nominated as "probable cases" of dementia or depression on the
basis of threshold scores in the screening instruments, which we previously reported
to have good validity coefficients [18]. The threshold points were decided on the bases
of adequate negative predictive power.

In phase 2, the research psychiatrists reassessed all ‘probable cases’ identified in phase 1. They

administered the same assessment instruments and performed a neurological examination



and medical reports were also used to help in the diagnostic process, which was completed at
the end of this phase. Additional details about the project’s design and objectives have been

published previously [15].

2.2. Assessment of hip fracture

All incident hip fracture cases occurring during the study period were identified through the
computerized inpatient register system in the hospitals of the health care area of Zaragoza
and were computed according to the norms in the International Classification of Diseases
(Ninth Revision, ICD-9; code 820). This register covers all public hospitals in the area, three
health sectors with 700.000 inhabitants. It was postulated that the number of residents living
within the study area that had fractured and were treated outside the city was negligible. Two
experienced, blinded and independent researchers reviewed the medical records and
validated the hip fracture diagnosis. Exclusion criteria were presence of high energy trauma,
open fractures, non-osteoporotic pathologic fractures as malignancies or metastases, and a

second hip fracture in the same patient.

2.3. Covariates

Among potential risk factors assessed at baseline, the following variables were dichotomized:
civil status (married/with couple or single/separated/widowed), llliterate (able or unable to
read and write), Smoking (currently smoking or not smoking), Alcohol intake (active drinkers or
non-drinkers). Disability or no-disability (based on iADL’s and bADL’s scores). Body Mass Index
(BMI, WHO International Classification) was categorized as underweight (<18.5 kg/m?), normal
weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?) and obesity (>30.0 kg/m?). Dementia
was diagnosed by the panel of research psychiatrists according to DSM-IV criteria. Clinically
significant depression was defined as GMS-AGECAT level 3 or higher, the confidence proven
valid for detecting cases of depression that require clinical attention in community samples

and are valid in concordance with DSM-IV diagnosis [22].

2.4 Data analysis

Baseline characteristics of the sample were described as frequencies and percentages except
for age at recruitment, presented as mean and standard deviation (SD). Analysis was done
separately for men and women. Age and sex-specific incidence was calculated per 5-year
band. Hip fracture incidence rate (IR) was calculated as the number of incident hip fractures
per 100,000 person-years at risk during the study period. The follow-up period was

considered from baseline enrollment to the first of the following events: first incident hip



fracture (day of hospitalization) for cases; and time of death, last contact, or closing date for
this study (December 31st, 2010) for non-cases. The incidence rate ratio (IRR) with 95%
confidence intervals (Cl) was used to compare IR’S in men and women, globally and for each
age band.

Cox proportional hazards regression models were used to analyze associations between
baseline characteristics and time to hip fracture during follow-up. Hazard Ratios (HR) with
95% confidence intervals (Cl) were estimated. Subjects with no incident hip fracture were
considered as censored at the last date when information on follow-up was assessed, or at
their date of death, or loss to follow-up, whichever occurred first.

SPSS software v.22 (IBM Corp., 2013) was used for all the analysis; and Stata v.12 was used for

power calculations.

3. Results

Out of the baseline participants, 143 (2.9%) were excluded because of incomplete information
in the hospital’s registry. No differences by gender, civil status, smoking habits, menopause,
BMI or physical diseases were observed in dropouts compared with the 4,660 participants.
However, the individuals excluded were 1.5 years older and more likely to be illiterate (12.9%),
disabled (Instrumental iADL’s = 29.8%; Basic bADL’s = 21.8%) and to be diagnosed of dementia
(9.8%).

Participants had a mean age of 73.4 years, and were more frequently women and
married/with couple. There were 7.5% of illiterates; 13% of smokers; 12.4% of subjects
drinking alcohol at the time of the interview; 40.4% had overweight and 23.2% had obesity. At
baseline, 11.5% of subjects had been diagnosed of clinically relevant depression; 4.5% of
dementia and 12.6% were dependent in basic and 20.8% in instrumental ADL’s (Table 1).
Among the women, and compared with men, the proportion of illiterates (10.1% vs. 4.2%),
individuals with disability for both bADL" (14.2% vs. 10.2%) and iADL’s (24.9% vs. 15%) and
those diagnosed of both depression (16.1% vs. 5.3%) and dementia (5.7% vs. 2.8%) were all
significantly higher (p<0.001 for all). On the contrary, the proportion of active smokers (2.8%
vs. 26.8%) or drinkers (4.6% vs. 23.2%) was significantly lower (p<0.001 for both)(Table 1).
During the 16-year follow-up, the proportion of women suffering a hip fracture (8.4%) was
significantly higher than among men (2.5%) (p<0.001) (Table 2). An exponential increase in the
incidence rate with age was observed in both genders, from 239.5 (women) and 0 (men) per
100,000 person-years in the =59 year age group to 3,247.6 (women) and 1,697.7 (men) per
100,000 person-years in the 90+ year age group (Fig. 1). An abrupt increase in the IR is

observed in men starting at age 80 years, in contrast with women, where the curve is



smoother and the slope becomes steeper at age 70 (fig 1). The female:male hip fracture
incidence rate ratio (IRR) also increased with age, peaking at the 80-84 years category (IRR:
3.9; 95%Cl 1.6-1.2). The differences by gender were statistically significant in the age strata 75-
89 years and in the global analysis (IRR =3.1 (95%Cl 2.3-4.2).

Compared with their counterparts, both men and women having hip fractures were older, and
were less frequently living with couple, the differences being statistically significant (table 2).
Besides, compared with their counterparts, women having hip fractures were more frequently
illiterate, drinkers, had disability for iADL’ and early menopause, all the differences being
similarly statistically significant. Depression and dementia were more frequently diagnosed in
both men and women with hip fractures, but the differences did not reach statistical
significance (table 2).

In the multivariate, Cox proportional hazards regression analyses, after controlling for
potential confounders, the hip fracture risk in men increased significantly by age (HR= 1.13),
active smoking (HR= 2.13) and particularly by disability for bADL’s (HR=3.15). A different profile
was observed for women: age (HR= 1.12), but also illiteracy (HR=1.57); and depression
(HR=1.45) all increased significantly the risk. On the contrary, in both men and women, being
married/with couple significantly decreased the risk of hip fracture. Dementia was associated
with an increased risk in univariate analysis, the association disappearing (power= 85% in men,

95% in women) when disability was included in the multivariate models (table 3).

4. Discussion

We have confirmed in a Southern European city the heavy burden posed by hip fractures in
the older population, since 268 and 830 per 100,000 men and women (respectively) aged 55 or
more years may suffer a hip fracture each year, the IR increasing by age in a linear way. In
support of the emphasis given in this research to the analysis by gender, important differences
were observed: first, compared with men, the IRR was more than three times higher in
women (IRR=3.1), also indicating a statistically significant higher speed of having a hip fracture;
and second, tobacco use and disability for bADL’s increased the risk specifically in men, but
illiteracy and depression increased the risk specifically in women.

Contrary to most previous reports in the population [11], dementia was not associated with
risk fracture in this particular study. However, first, most previous studies are related to AD
[23], but we studied global dementia, which includes a considerable proportion of vascular and
other dementias. And second, previous studies did not control for clinically significant

depression or disability for bADL’s, as we did. It is also noticeable that disability for bADL’s was



shown to increase more than three times (HR= 3.14) the risk of fractures in men, even after
controlling for both dementia and clinically significant depression. Disability is common in both
conditions [13], but this finding suggests that independent of the clinical diagnosis of either,
disability for bADL’s merits special clinical consideration in men in relation to the prevention of
hip fracture.

The IR of hip fracture documented here is similar to rates recently observed in the same
Zaragoza region [24]. This region was among the areas with intermediate IR rates in Spain.
However between-region differences observed in this country might support the observation
of Kanis et al [4] about important, between-country differences, that cannot be explained by
the often multiple sources of error in the ascertainment of cases or the catchment population.
Although different environmental factors have been considered to explain the geographical
variation [25], methodological differences between-studies make comparisons difficult.

This study shows that the risk of hip fracture increases with age, more than 10% per year in
both genders. This positive association was expected, since it has unanimously been reported
[5], and previous studies have discussed in length potential mechanisms that may help in
explaining causal mechanisms, such as the osteoporosis inevitably linked with the old age [26].
The increased risk of hip fractures in women in respect to men (IRR= 3.1) was likewise
expected, since it has been reported in different cultures[27], and previous studies have
analysed the relevance of non-environmental factors to explain this cross-cultural
unanimity[27]. This female to male ratio is similar to rates recently reported in Spain (IRR=
3.2), but lower than those observed in previous years in the same study, suggesting a trend
for a decreased IR of hip fracture in women [28].

We believe the finding that illiteracy increased the hip fracture risk specifically in women (by
55%) is quite relevant. We have previously shown in this same population that the life-time
risk of Alzheimer’s disease is more than twice higher among the illiterate, particularly among
women [15]. Therefore, this report offers new evidence about the negative health outcome
associated with low educational background. llliterate individuals may be exposed to a number
of derived risk factors [8]. Therefore, the preventive implications of these findings are
apparent. Indeed, we show in this population born in the first half of the past century that
illiteracy is more than double in women than in men. Fortunately, the educational level has
improved dramatically in Spain in the last decades [29] and this study may be one of the “last
opportunities” to study the influence of low educational level in this country, but the findings
may stimulate similar research in other cultures.

In coincidence with some previous reports, being married/with couple decreased the risk of

hip fracture in both genders, the decrease being approximately half in men, suggesting that



undetermined social factors may be at play [6]. In relation to life style factors, while some of
them were associated with increased risk of fractures in the univariate analysis (alcohol
consumption and underweight in women), in the final, multivariate model the association
remained statistically significant only among men smokers. The literature about these factors
remains also controversial and more detailed designs, considering elements such as the
amount and duration of consumption or the differences between consumers and ex-
consumers might be needed to gain insight in this subject, as suggested in a previous study
[30].

More relevance may have the increased risk of hip fractures found in women with clinically
significant depression. In a context of some disagreement about the association
depression/hip fracture, a systematic review concluded that the association was positive [12].
However, out of the 14 studies reviewed, only three were specifically related to the
association of depression and hip fracture risk and all of them used questionnaires or scales of
depressive symptoms, rather than diagnostic categories. Our method to assess depression has
been documented to identify cases that would be treated by clinical psychiatrists [22], the
practical implications being obvious, particularly in view that a high proportion of the elderly
depressed in the community go undetected/untreated [18].

Some statistical differences between participants and drop-outs were observed, but in view of
the proportion of the latter (3%), we trust the influence in the main results would be
minimal. We cannot discard the possibility that factors uncontrolled in this study, such as the
use of antidepressants might modify the results. Similarly, the presence of physical morbidity
could modify the results. However, a ‘sensitivity analysis’ shows that including in the
multivariate models a general physical morbidity variable (HAS criteria), the main results are
not modified substantially. Both in men and women the associations with risk factors
(observed in table 3) were maintained. For men, the HR’s for age, coupled, active smoking and
basic ADL's were 1.12 (1.08-1.17); 0.51 (0.27-0.95); 2.11 (1.1-4.4); 3.34 (1.36-8.19),
respectively. In women, the HR’s for age, coupled, illiteracy and depression were 1.12 (1.09-
1.14); 0.68 (0.48-0.96); 1.55 (1.02-2.35); 1.44 (1.01-2.06), respectively.

In conclusion, this study confirms the high incidence of hip fractures in the older population
and the derived, potential burden for individuals and the society. The IR of hip fractures was
three times higher among women and substantial differences by gender were observed:
illiteracy and clinically significant depression among women and active smoking and disability
among men independently increased the risk. These data have implications, both clinical and

preventive.
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Figure 1. Hip Fracture Incidence Rate (IR) (100,000person-year) in Men and Women
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Table 1. Baseline characteristics for the total sample and for men and women participants

GLOBAL (N=4660)

MEN (N=1976)

WOMEN (N=2684)

p-value*

N (%) N (%) N (%)
Age, mean (SD) 73.4(9.8) 72.5 (+9.5) 74 (£9.9) <0.001
Female sex 2648 (57.6)
Coupled 2719 (58.3) 1520 (77.2) 1199 (44.8) <0.001
Missing 14 (0.3)
llliterate 351 (7.5) 82 (4.2) 269 (10.1) <0.001
Missing 55(1.2)
Tobacco 604 (13) 528 (26.8) 76 (2.8) <0.001
Missing tobacco 13(0.3)
Alcohol 580 (12.4) 457 (23.2) 123 (4.6) <0.001
Missing alcohol 18(0.4)
BMI, mean (SD) (kg/m?) 26.9 (5.1) 26.6 (+4.4) 27.2 (45.5) 0.009
Underweight 164 (3.5) 58(2.9) 106 (3.9) 0.063
Normoweight 1499 (32.2) 631 (31.9) 868 (32.3) 0.769
Overweight 1883 (40.4) 907 (45.9) 976 (36.4) <0.001
Obesity 1083 (23.2) 374 (18.9) 709 (26.4) <0.001
Missing 31(0.7)
Menopause <45y 566 (12.1)
Missing 260 (5.6)
bADL’ 586 (12.6) 201 (10.2) 385 (14.4) <0.001
Missing 13(0,3)
iADL’ 986 (20.8) 293 (15) 662 (24.9) <0.001
Missing 47 (1)
Depression 537 (11.5) 104 (5.3) 433 (16.1) <0.001
Dementia 209 (4.5) 55 (2.8) 154 (5.7) <0.001




ACCEPTED MANUSCRIPT

BMI: Body Mass Index; bADL’: Basic Activities of Daily Living; iADL’: Instrumental Activities of Daily
Living. *Chi2 test for categorical data and the Mann-Whitney U test for continuous data



Table 2. Characteristics of men and women with and without hip fracture during follow-up

MEN WOMEN
No (h’:’: if;;gure Hip Fracture (n=50) No (hn'f éf;‘;;;ure Hip Fracture (n=225)
N (%) N (%) p-value* N (%) N (%) p-value*

Age, mean (SD) 72.4 (9.5) 76.9 (9.8) 0.002 73.6 (9.9) 78.5 (8.7) <0.001
Female sex

Coupled 1489 (77.6) 31(62) 0.009 1135 (46.3) 64 (28.4) <0.001
llliterate 81 (4.2) 1(2) 0.438 236 (9.6) 33 (14.8) 0.014
Tobacco 513 (26.7) 15 (30) 0.603 70 (2.9) 6(2.7) 0.879
Alcohol 447 (23.3) 10 (20) 0.585 106 (4.3) 17 (7.6) 0.026
BMI, mean (SD) (kg/m?) 26.6 (4.3) 25.7 (4.8) 0.188 27.2 (5.5) 26.7 (5.8) 0.187
Underweight 56 (2.9) 2 (4) 0.651 93 (3.8) 13 (5.8) 0.141
Normoweight 611 (31.7) 20 (40) 0.215 790 (32.1) 78 (34.7) 0.436
Overweight 887 (46.1) 20 (40) 0.396 902 (36.7) 74 (32.9) 0.278
Obesity 366 (19) 8 (16) 0.593 654 (26.6) 55 (24.4) 0.483
Menopause <45y 508 (22.8) 58 (29.3) 0.039
bADL’ 193 (10) 8 (16) 0.170 345 (14.1) 40 (17.8) 0.130
iADL’ 285 (14.9) 8 (17) 0.688 589 (24.2) 73 (32.6) 0.006
Depression 101 (5.2) 3(6) 0.813 388 (15.8) 45 (20) 0.099
Dementia 53(2.8) 2 (4) 0.596 139 (5.7) 15 (6.7) 0.531

BMI: Body Mass Index; bADL’: Basic Activities of Daily Living; iADL": Instrumental Activities of Daily Living. *Chi2 test for categorical data
and the Mann-Whitney U test for continuous data



Table 3. Risk factors for hip fracture in men and in women

MEN WOMEN
Univariate Multivariate Univariate Multivariate
HR ] HR ]
(95% P HR (95% Cl) (95% HR(95%Cl) P
value value value value
a) a)
1.14 1.13
Age (1.10- <0.00 1.13 (1.08-1.17) <0.00 (1.11 <0.00 1.12 (1.09- <0.00
1.17) 1 1 - 1 1.14) 1
' 1.15)
0.30 <0.00 ((:) 32].;» <0.00 0.68 (0.48-
Coupled (0.17- ) 0.51 (0.27-0.94) 0.032 ’ ) ’ ; 0.028
0.53) 1 - 1 0.96)
) 0.41)
0.75 (2125(; <0.00 1.57 (1.03-
llliterate (0.10- 0.780 0.35(0.05-2.54) 0.296 _ 1 ) ) 39') 0.035
5.47) 3.19)
111 (21'223 1.52 (0.88-
Alcohol (0.55- 0.796 0.86(0.42-1.78) 0.691 _ 0.005 ’ ) 64.) 0.135
2.19) 3.32)
0.81
1.04
Tobacco (0.57- 0.894 2.13(1.11-4.10) 0.024 (O'_36 0.602 1'5?? é%.)GS- 0.301
1.91) 1.81)
2.28
2.46
Underweigth (0.59- 0.213 1.13(0.26-4.95) 0.874 (1'_30 0.004 1'45 %79' 0.221
10.15) 3.99)
0.81
0.66
Overweight (0.37- 0.146 0.77 (0.42-1.45) 0.417 (0'_61 0.810 0'915 ;‘;68_ 0.768
1.16) 1.07)
0.87
0.84
Obesity (0.40- 0.66 0.74(0.32-1.69) 0.477 (0'_64 0.349 0'811 %56' 0.271
1.79) 1.17)
1.35
2.02
Depression (0.63- 0.240 1.68(0.51-5.55) 0.396 (0'_97 0.075 1'425 ((;')01' 0.042
6:5) 1.87)
5.72
10.74
Dementia (2.51- 0.001 2.34(0.48- 095 (332 <000 164(069- . 0
25.9) 11.35) - 1 3.90)
' 9.84)
>-78 <0.00 (32‘:21 <0.00 1.23 (0.76-
bADL’ (2.68- ) 3.15(1.29-7.67) 0.011 ’ ) ’ ' 0.401
12.49) 1 - 1 1.97)
) 4.85)
1.34
Menopause (0.98 1.27 (0.93-
<asy % 0.063 1.73) 0.127
1.82)

bADL’: Basic Activities of Daily Living. Cox regression models. HR: hazard ratios. CI: confidence interval.



