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Hip fractures constitute a major and growing public health
problem amongst the elderly worldwide.5,6,33,37 In 1990, approxi-
mately 1.66 million hip fractures occurred around the world, half
of which were in Europe and North America, whereas, according to
epidemiologic projections, this number is expected to increase to
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6.26 million by the year 2050.5,29 Amongst all bone fractures, hip
fractures are the most devastating, because they are associated
with considerable disability and loss of independence, diminished
quality of life and reduced survival.2,29,45 Furthermore, hip
fractures impose substantial economic burden upon health-care
services and upon society as a whole.25

The pathogenesis of bone fractures, and hip fracture in
particular, is complex.6,38 Impaired bone strength (a parameter
depending on density, dimension and quality of the bone) and
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trauma from falling are the main conditions that, usually in
combination, result in bone fracture amongst the elderly. Many
factors seem to affect bone fracture risk by operating through these
two underlying mechanisms (compromised bone strength and
increased trauma occurrence) including underlying concurrent
nosology, anthropometric characteristics and physical activity.1,26,30

Body mass index (BMI) below the normal has been reported to
be associated with increased hip fracture risk amongst the
elderly27,28 over and beyond the risk attributed to the age-related
decrease in bone mineral density.8 There is also evidence that an
increase in BMI (or body weight) is associated with lower hip
fracture risk.39,46 However, there seems to be no complete
agreement with respect to the relationship of fat mass and
adiposity with osteoporosis and age-related fractures.43,53 Ab-
dominal obesity, one of the components of metabolic syndrome,
has been reported to increase hip fracture risk13,51 and has been
related both with higher31,49 and lower20,51 bone mineral density.

High stature is considered a risk factor for hip fracture7,11,15,18

and mechanisms such as differences in the femoral geometry have
been proposed to explain this association.12,41

Based on the current evidence from observational studies,
moderate physical activity appears to reduce the risk of hip
fractures in the elderly.40 Physical activity can influence the risk of
falling and a U-shaped association has been described between
falls and physical activity intensity (the most active and most
inactive individuals being at apparently higher risk).3

We have examined the relationship of anthropometry and
physical activity with hip fracture incidence in a cohort of elderly
Europeans from five countries, who were volunteers in the European
Prospective Investigation into Cancer and nutrition (EPIC) study.

Materials and methods

Recruitment

EPIC is a multicentre, prospective cohort study aiming to
investigate the role of biological, dietary, lifestyle and environmen-
tal factors in the aetiology of cancer and other chronic diseases.
Study population selection criteria and data collection methodology
for the EPIC study have been reported in detail elsewhere.44 In brief,
approximately 520 000 people enrolled between 1992 and 2000 in
23 research centres from 10 European countries (Denmark, France,
Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden and
the United Kingdom). Participants were mainly between 35 and 70
years of age at enrolment and were recruited from the general adult
population residing in a given town or geographical area with some
exceptions: the French cohort was based on female members of the
health insurance for teachers, the Utrecht cohort in the Netherlands
recruited women attending breast-cancer screening, the Ragusa
cohort in Italy was based on blood donors and their spouses, the
Spanish cohorts was based on general population, blood donors and
civil servants and the Oxford cohort in the UK recruited mostly
vegetarian and health-conscious volunteers. The study protocol has
been approved by ethics committees at the individual participating
centres, whereas all participants signed informed consent forms
before enrolment. All procedures have been in accordance with the
Helsinki declaration for human rights.

Data from 30 274 elderly participants from seven centres in five
European countries participating in the EPIC-Elderly Network on
Ageing and Health (EPIC-Elderly-NAH) project were included in
this analysis (for Italy, Varese and Ragusa; for Netherlands,
Utrecht; for Greece, Athens; for Germany, Heidelberg and
Potsdam; and for Sweden, Umea). The EPIC-Elderly-NAH project
aims to investigate aspects of ageing of elderly Europeans and
identify non-genetic predictors, with the use of baseline and
follow-up data on risk factors, morbidity and cause-specific
mortality. The source population of EPIC-Elderly-NAH is a cohort
consisting of EPIC participants, who at recruitment were 60 years
and older.50 Amongst the EPIC centres, United Kingdom, Norway
and the Italian centres of Turin, Florence and Naples did not
participate in the EPIC-Elderly-NAH project, whereas three more
countries could not be included in this analysis (in France, the site
of the fracture was not recorded and centres in Spain and Denmark
did not collect information on incident hip fractures).

Data collection

At baseline, a pre-coded questionnaire was used to record data
on a number of lifestyle and health variables which, amongst
others, included educational achievement, medical and reproduc-
tive history, smoking habits and physical activity.

The core physical activity questionnaire, either self- or interview-
administered, focusses on three different types of physical activity:
occupational, recreational and household.16 An assessment of the
reproducibility and relative validity of the non-occupational
physical activity questions was undertaken in a sample of EPIC
participants from the Netherlands. The Spearman correlation
coefficients for the estimated reproducibility of the questionnaire
over a 13-month period ranged from 0.47 to 0.89 in men, and from
0.49 to 0.81 in women, and for relative validity, as assessed by 3-day
activity diaries, ranged from 0.32 to 0.81 for men, and from 0.28 to
0.72 for women. The questionnaire was found satisfactory for the
ranking of subjects.42 In Umea, Sweden, questions used for the
assessment of physical activity were different from those in the EPIC
core physical activity questionnaire, and subjects from this centre
were not included in the present physical activity analysis. A
summary leisure-time physical activity variable was created by
combining recreational and household physical activities and was
estimated by multiplying the time spent on each of a number of
activities (walking, cycling, housework, gardening, do-it-yourself,
sport and stair climbing), in hours per week, by an energy cost
coefficient to convert hours per week in kcal23; all products were
then summed to produce a score of daily leisure-time physical
activity, subsequently expressed in sex- and centre-specific tertiles.
Occupational physical activity was not evaluated in the analysis,
because most participants were not working at the time of
enrolment.

Anthropometric characteristics were measured in all partici-
pating centres using standardised procedures.17 Weight was
recorded to the nearest 0.1 kg and height to the nearest 0.1 or
0.5 cm. Waist circumference was measured at the either narrowest
torso circumference (in Italy and in Utrecht, the Netherlands) or
midway between the lower ribs and the iliac crest (in Potsdam,
Germany). A combination of the above-mentioned methods was
used in Greece and in Heidelberg, Germany, where waist
circumference was measured at the midway between the lower
ribs and the iliac crest when the narrowest circumference could
not be recognised (in obese individuals). Hip circumference was
measured at the widest circumference (in Italy and Greece) or over
the buttocks (in Utrecht, the Netherlands and in the German
centres). In Umea, Sweden, waist and hip circumferences were not
measured and, therefore, these participants were excluded from
analyses using waist and hip circumferences. Finally, all anthro-
pometric measurements were adjusted to account for differences
in clothing worn during measurement between the centres.

Follow-up and information on the primary end point

From the initial cohort of 30 274 elderly participants with
reasonable energy intakes (participants in the top and bottom 1%
of the ratio of energy intake to estimated energy requirements had
already been excluded from the sample) 3478 participants (747
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men and 2731 women) were excluded from all analyses because of
missing values in one or more of the variables used in this analysis.
After these exclusions, the final study population consisted of
27 982 elderly, 10 553 men and 17 429 women, with a mean age of
64.4 years at enrolment (minimum: 60 years, maximum: 86 years).
During a median follow-up of 8 years and a total contribution of
232 639 person-years, 261 incident cases of hip fractures (203
women and 58 men) were recorded. If there was more than one hip
fracture recorded for the same individual, only the first one was
used in this analysis. Information on incident hip fracture was
collected through active follow-up methods (telephone interviews
or mailed questionnaires eliciting self-reported information) in
Germany, Greece and the Netherlands, and through linkage with
hospital discharge records in Italy, or hip fracture registries in
Sweden, using the 10th Revision of the International Statistical
Classification of Diseases (ICD-10) codes S72.0–S72.2 for hip
fracture.22 In a validation exercise conducted in Greece, 79% of self-
reported cases of incident hip fractures were medically confirmed.

Statistical analysis

Frequency distributions were used for descriptive purposes.
Cox proportional hazard regression was used to assess the relation
Table 1
Baseline characteristics of 27 982 participants and 261 incident hip fracture (HF) cases

Characteristics Men

Cohort (N = 10 553) HF case

Country

Italy 693 (7) 1 (2)

Netherlands NAy NAy

Greece 3657 (35) 23 (40)

Germany 4677 (44) 7 (12)

Sweden 1526 (15) 27 (46)

Age groups (in years)

60–64 7087 (67) 37 (64)

65–69 2184 (21) 3 (5)

�70 1282 (12) 18 (31)

Education

Not completed primary 1370 (13) 5 (9)

Primary school 4474 (42) 31 (53)

Technical/professional 1789 (17) 10 (17)

Secondary school 838 (8) 5 (9)

Longer education 2082 (20) 7 (12)

Height (in cm)

�149 21 (0.2) 1 (2)

150–159 627 (6) 6 (10)

160–169 4120 (39) 19 (33)

170–179 4669 (44) 24 (41)

�180 1116 (11) 8 (14)

Body mass index (in kg/m2)

�24 2710 (26) 20 (34)

25–29 5445 (52) 31 (53)

�30 2398 (23) 7 (12)

Physical activity at leisure*

Minimum (first third) 2855 (27) 20 (35)

Moderate (second third) 3393 (32) 13 (22)

Intense (last third) 4305 (41) 25 (43)

Smoking status

Never smokers 3754 (36) 25 (43)

Former smokers 4670 (44) 18 (31)

Current smokers 2129 (20) 15 (26)

History of diabetes at baseline

No 9378 (89) 47 (81)

Yes 1175 (11) 11 (18)

y Not applicable.
* A score of daily leisure-time physical activity that incorporates recreational and ho
of anthropometric variables (height, BMI, waist-to-hip ratio) and
physical activity with incidence of hip fracture. In all proportional
hazards models, follow-up time was the primary time variable and
diagnosis of the first hip fracture during follow-up was the
outcome event. For participants with incident hip fracture, follow-
up time was calculated as the time from recruitment until
diagnosis of the incident hip fracture and in a few instances death
from hip fracture when hip fracture was not mentioned prior to
death. For participants with no incident hip fracture, follow-up
time was calculated from recruitment until the last date their vital
status was assessed (by active or passive follow-up methods) or
their date of death. For anthropometric variables, except for height,
sex-specific quintiles were computed based on the respective
frequency distributions. For height, the following five categories
were used: �149 cm, 150–159 cm, 160–169 cm, 170–179 cm and
�180 cm. All models were adjusted for age at recruitment (60–64
years, 65–70 years and >70 years; categorically), educational level
(none, primary school completed and higher education, categori-
cally), smoking habits (never smokers, former smokers and current
smokers, categorically) and history of diabetes mellitus at
enrolment (yes and no). The model with BMI as a main exposure
was also adjusted for height (per 5 cm, continuous) and the model
with waist-to-hip ratio as main exposure also adjusted for BMI (in
during follow-up, by gender. The EPIC-Elderly-NAH study.

Women

s (N = 58) Cohort (N = 17 429) HF cases (N = 203)

Numbers (%)

1682 (10) 7 (4)

5480 (32) 83 (41)

5208 (30) 88 (43)

4486 (26) 11 (5)

573 (3) 14 (7)

10 025 (57) 77(38)

5587 (32) 78 (38)

1817 (11) 48 (24)

3115 (18) 47 (23)

6821 (39) 73 (36)

3211 (19) 23 (11)

2833 (16) 37 (19)

1449 (8) 23 (11)

1836 (10) 24 (12)

7693 (44) 82 (40)

6826 (39) 74 (36)

1048 (6) 23 (11)

26 (0.2) 0

53 684 (31) 77 (38)

7120 (41) 81 (40)

4941 (28) 45 (22)

5346 (31) 82 (40)

5901 (34) 71 (35)

6182 (35) 50 (25)

12 368 (71) 144 (71)

3220 (19) 37 (18)

1841 (11) 22 (11)

16 020 (92) 181 (89)

1409 (8) 22 (11)

usehold activities (in gender and centre-specific tertiles).



Table 2
Cox-regression derived hazard ratiosy (HR) for incident hip fracture with 95% confidence intervals (95% CI) in relation to anthropometric variables. The EPIC-Elderly-NAH

study.

Anthropometric variables Categories

1 (reference group) 2 3 4 5 Ordered categories Continuous

Height (cm) �149 cm 150–159 cm 160–169 cm 170–179 cm �180 cm

No. of participants 1857 8328 10 946 5717 1142 Per 5 cm

No. of cases 25 88 93 47 8

HR (95%CI) 1 1.08 (0.68–1.72) 1.33 (0.78–2.27) 1.82 (0.96–3.45) 1.59 (0.60–4.22) 1.20 (0.99–1.45) 1.13 (1.01–1.25)

p trend 0.066 0.028

BMI (in kg/m2) 1st quintile*1 2nd quintile 3rd quintile 4th quintile 5th quintile

No. of participants 5473 5534 5621 5666 5688

No. of cases 78 41 59 43 40 Per 1 kg/m2

HR (95%CI) 1 058 (0.39–0.85) 0.78 (0.55–1.11) 0.56 (0.38–0.83) 0.48 (0.32–0.74) 0.85 (0.77–0.94) 0.94 (0.91–0.97)

p trend 0.001 <0.001

Waist-to-hip ratio*2 1st quintile*3 2nd quintile 3rd quintile 4th quintile 5th quintile

No. of participants 5674 5508 4775 5552 4351

No. of cases 56 39 36 51 38 Per 0.1

HR (95%CI) 1 0.78 (0.51–1.19) 0.96 (0.62–1.50) 1.08 (0.71–1.64) 0.87 (0.54–1.40) 1.00 (0.90–1.12) 0.97 (0.79–1.20)

p trend 0.919 0.785

y All models were stratified by gender and centre and adjusted for age at recruitment (60–64 years, 65–70 years, and >70 years; categorically), educational level (none,

primary school completed and higher education, categorically), smoking habits (never smokers, former smokers and current smokers, categorically) and history of diabetes

mellitus at enrolment (yes, no). Model for BMI was also adjusted for height (per 5 cm, continuous) and model for waist-to-hip ratio was also adjusted for BMI (in sex-specific

quintiles, ordered) and height (per 5 cm, continuous).
*1For men: upper cut-off for 1st quintile: 24.5, 2nd quintile: 26.4, 3rd quintile: 28.2, and 4th quintile: 30.5.

For women: upper cut-off for 1st quintile: 23.8, 2nd quintile: 26.1, 3rd quintile: 28.5, and 4th quintile: 31.5.
*2Data from Umea, Sweden were not available.
*3For men: upper cut-off for 1st quintile: 0.92, 2nd quintile: 0.95, 3rd quintile: 0.98, and 4th quintile: 1.02.

For women: upper cut-off for 1st quintile: 0.77, 2nd quintile: 0.81 3rd quintile: 0.84, and 4th quintile: 0.89.
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sex-specific quintiles, ordered) and height (per 5 cm, continuous).
The model used to assess the relationship between physical
activity at leisure and hip fracture incidence was also adjusted for
BMI (in sex-specific quintiles, ordered) and height. All models were
stratified by gender and centre and analyses were performed using
STATA 8 statistical package (StataCorp. LP, College Station, TX,
USA).48

Results

Table 1 shows baseline characteristics amongst all participants
and hip fracture cases, by gender. The data in this table serve
descriptive purposes because mutual confounding, time to event
and country differences are not accounted for. Nevertheless, of
interest is the high prevalence of overweight and obesity, amongst
both men and women, as well as the high percentages of current
and former smokers amongst men. Approximately 10% of the total
cohort had a history of diabetes mellitus at enrolment.

Amongst women in the total cohort, mean age at menarche was
13.74 years (standard deviation (SD): 1.74) and mean age at
menopause was 48.86 years (SD: 4.89). Amongst women with hip
fractures, the corresponding values were 13.82 years (SD: 1.76)
and 48.15 years (SD: 5.17), respectively; none of these differences
were statistically significant. About 88% of women were parous,
both amongst women overall and amongst those with hip
Table 3
Cox-regression derived hazard ratiosy for incident hip fracture with 95% confidence int

Physical activity* Cases (N = 220) Cohort (N = 25

Physical activity at leisure

Minimum: reference group 91 7526

Moderate 71 8590

Intense 58 9767

Per increasing tertile

y All models were stratified by gender and centre and adjusted for age at recruitment

primary school completed and higher education, categorically), smoking habits (never

quintiles, ordered), height (per 5 cm, continuous) and history of diabetes mellitus at en
* Data from Umea, Sweden (2099 participants) were not included in the analysis.
fractures. Only 2% of women with hip fractures were using
hormone replacement therapy at enrolment, whereas, amongst
all women in the cohort, the proportion was 9%. The hazard ratio
(HR) of hip fractures amongst women in comparison to men was
2.85 (95% confidence interval (CI): 1.83–4.44, p < 0.001) after
adjustment for age at recruitment, educational level, smoking
habits and history of diabetes mellitus at recruitment (results not
shown).

In Table 2, Cox regression-derived HRs for incident hip fractures
in relation to anthropometric variables after adjusting for other
covariates are shown. The HR for a 5-cm increase in body height
was 1.13 (95% CI: 1.01–1.25), whereas that for an increase by
1 kg m�2 of the BMI was 0.94 (95% CI: 0.91–0.97). Waist-to-hip
ratio was not found to be related to hip fracture incidence (HR per
0.1: 0.97, 95% CI: 0.79–1.20).

In Table 3, Cox regression-derived HRs for incident hip fractures
in relation to physical activity after adjustment for possible
confounders are presented. Physical activity at leisure was
inversely and statistically significantly associated with hip fracture
incidence (HR per increasing tertile: 0.84, 95% CI: 0.70–0.99). The
HR for participation in the intense category of the leisure-time
physical activity score in comparison to lowest category was 0.71
(95% CI: 0.51–0.99).

We have further examined the association of anthropometric
variables and leisure-time physical activity with hip fracture risk
ervals (95% CI) in relation to physical activity. The EPIC-Elderly-NAH study.

883) Hazard ratioy 95% CI p-value

1

0.76 0.55–1.04 0.084

0.71 0.51–0.99 0.047

0.84 0.70–0.99 0.039

(60–64 years, 65–70 years, and >70 years; categorically), educational level (none,

smokers, former smokers and current smokers, categorically), BMI (in sex-specific

rolment (yes, no).
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by centre and we found no heterogeneity of the associations under
study across the centres/cohorts included in this analysis (in all
instances, the p value for heterogeneity was >0.4).

Discussion

In a prospective study of elderly Europeans, we found evidence
that high body stature increased and high BMI decreased the
incidence of hip fractures. Waist-to-hip ratio was not associated
with hip fracture occurrence. Furthermore, increased physical
activity at leisure was related to lower hip fracture incidence,
independently from anthropometric characteristics.

A positive association between high body stature and hip fracture
has been reported by other investigators in different popula-
tions.7,11,15,18 Indeed, certain investigators have attributed a fraction
of the increase in hip fracture incidence observed during the past
decades to the increasing average stature of the population during
the past century.24 The mechanisms that have been proposed to
explain this association are differences in femoral geometry and,
more specifically, the longer hip axis length (the distance from the
greater trochanter to the inner pelvic brim),12,41 as well as the more
substantial impact of the fall amongst taller individuals.11 Although
body height is a non-modifiable characteristic, this finding has
relevance for the identification of high-risk individuals.

On the contrary, BMI was found to be inversely associated with
hip fracture incidence. There is considerable evidence that indicates
a beneficial effect of high BMI on bone mass43,53 and an inverse
association with hip fracture risk.39,46 This beneficial effect is
probably attributed to both fat and fat-free mass, although in
postmenopausal women, fat mass has been reported to be more
important.43 Several underlying mechanisms have been proposed.
Both fat and fat-free mass increase mechanical load and stimulate
bone remodelling.47 In postmenopausal women, fat mass is an
important source of oestrogens that suppress osteoclast function.36

Moreover, in obese individuals, high blood insulin levels may
contribute to overproduction of sex hormone levels, which reduce
osteoclast and increase osteoblast activity.53 Leptin, an adipocyte-
secreted hormone, which is positively associated with BMI, has also
been reported to play a role, although complex, in the relation
between body fat and fracture risk, with predominantly beneficial
effects on the skeleton.10,43 Furthermore, adipose tissue can act as a
protective ‘cushion’ against trauma during a fall, especially in the hip
region. Excessive fat mass, however, may not protect against
osteoporotic fractures.19,52,53 From a recent meta-analysis from
almost 60 000 men and women from 12 prospective population-
based cohort studies, it was concluded that it is the very low BMI,
which is associated with increased risk for hip fractures.8 Our data
are not in line with this finding because participants with very low
BMI (below 20 kg m�2) had no greater risk of hip fractures compared
with those within the normal ranges (between 20 and 25 kg m�2) of
BMI (results not shown). Nevertheless, as a conclusion, a reasonable
public health message for the prevention of these age-related
fractures is the avoidance of very low body weight.9

Central fat distribution, as reflected anthropometrically by the
waist-to-hip ratio, was not associated with hip fracture risk in this
population. Relatively few studies have explored the relation of
abdominal obesity, mainly as one of the components of metabolic
syndrome, with hip fracture risk, and have pointed to a positive
association.13,51 Furthermore, the evidence regarding the associa-
tion of central obesity with bone mass density is so far
inconclusive. Thus, in individuals with metabolic syndrome,
characterised by predominant central obesity, the beneficial effect
of obesity per se can be counterbalanced by the systemic
inflammation caused by the syndrome itself.20,31,49,51

There is considerable evidence from observational epidemio-
logical studies that physical activity is beneficial for the prevention
of hip fractures.3,14,32,34,40 In a recent meta-analysis, moderate to
vigorous physical activity was found to be associated with
substantial reduction in hip fracture risk in both genders.40 The
beneficial effect of physical activity has been attributed to the
maintenance or even improvement of muscular mass and strength,
as well as of body balance and physical function.30 Regular lifetime
physical activity, notably weight-bearing and resistance activities,
tends to increase peak bone mass in youth and maintain high bone
mass in later life by increasing the mechanical load and promoting
bone remodelling.14,19 Our data support a substantial inverse
dose–response relationship between leisure-time physical activity
and hip fracture risk.

The strengths of our investigation are its prospective design,
the relatively long follow-up and the employment of validated
research instruments including those focussing on physical
activity.42 The physical activity assessment questionnaire was
developed and validated in relatively younger persons and this
may imply increased non-differential misclassification amongst
older individuals. This type of misclassification, however, cannot
generate an association when none exists and can only attenuate
an existing one. An important limitation of our investigation is
that fractures even as important as hip fractures may not be
always reported, particularly in centres that rely on active follow-
up. This would create underestimation of the incidence of
fractures and of the incidence attributable to various exposures.
However, the ratio of the incidence rates amongst exposed and
unexposed will not be affected unless underreporting is associat-
ed with a particular exposure. This could not happen in the study
design used in the present study.35 It is also possible that
underreporting would be different amongst centres and this could
create confounding bias. In our analysis, however, we have
stratified for centre and this controls for any possible confound-
ing. The study samples are not strictly representative of the
underlying general population groups because they are limited to
volunteers, as they should. However, representativeness is not a
prerequisite for validity in cohort studies although it may explain
the relative low incidence of hip fractures in our study. Other
limitations are the relatively few number of outcomes, in
particular at the extreme categories of the exposure distributions
(e.g., very thin or very obese participants), and the different
sources of information related to hip fracture incidence amongst
the centres. Nevertheless, the accuracy of the self-reported hip
fractures is generally considered high and more reliable compared
with other fracture sites because people are almost always
hospitalised and more likely to report them correctly.4,21

Moreover, there could not be differential misclassification of
self-reported hip fractures by level of the evaluated exposure
variables, and differences in the completeness of reporting
amongst centres, as indicated, were addressed in the analysis
through stratification by centre. Finally, in the majority of the
centres, information on the mechanism of hip fracture occurrence
was not available to discern low- from high-energy trauma
fractures.

Conclusions

In conclusion, in a population of elderly Europeans followed up
for approximately 8 years, we have found evidence that body
height is associated with increased, whereas BMI with decreased
hip fracture incidence. Physical activity at leisure, defined as a
measure combining recreational and household activities, appears
to be beneficial for the prevention of hip fractures.
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