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High prevalence of risk factors for low bone mineral density
and estimated fracture and fall risk among elderly medical inpatients:
a missed opportunity
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Abstract
Aims (1) To calculate the absolute fracture risk by using the fracture risk assessment (FRAX) model among elderly medical
inpatients; (2) to assess the risk of falls, especially among patients with increased risk of fractures; and (3) to design and
implement a bone health protocol to improve the assessment of fracture risk.
Methods The study participants were all inpatients admitted to the medical wards at University Hospital Kerry, Ireland. All
consecutive eligible patients aged ≥ 65 years were prospectively evaluated to populate clinical risk factor variables used in the
FRAX model and the fall assessment was made by using Fracture Risk Questionnaire.
Results Consecutive 465 medical inpatients were screened, and 200 eligible medical inpatients were evaluated. The mean age of
the cohort was 73.8 ± 9 years and 56% were male. The body mass index of the cohort was 27 ± 5, and only 21% (n = 42) of
patients reported having ever had a DXA scan. Previous personal history of low fragility fracture was present in 20.5% (n = 41) of
the patients. The absolute 10-year risk of major osteoporotic and hip fracture was 15 ± 12 and 7.6 ± 11, respectively, and 25.5%
(n = 51) and 64.5% (n = 129) respectively of the cohort had fracture risks exceeding the National Osteoporosis Federation (NOF)
thresholds for treatment. High fall risk was noted in 63% of the cohort.
Conclusions Avery high prevalence of fracture and fall risk was noted. A medical inpatient stay offers a window of opportunity
for assessment of osteoporotic fracture risk. With these findings, a bone health protocol has been developed.
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Background

Osteoporosis is an increasing cause for concern. One in three
women and one in five men over the age of 50 years of age
may have osteoporosis [1], which is a clinically silent disease
unless a fracture occurs. Our challenge is to prevent, diagnose,
and treat osteoporosis before disability from fractures occurs.
Typical hip fracture results in approximately 2800 hospital
admissions each year and 80% are over 75 years of age with
an average length of hospital stay of 18 days, and only less
than one-third go directly home after their hospital admission

[2]. Importantly, these hip fractures are potentially prevent-
able. Despite recent gains in the awareness and treatment of
osteoporosis, it remains commonly undiagnosed and
underappreciated.

In 2008, a WHO task force introduced a Fracture Risk
Assessment Tool (FRAX), which estimates the 10-year prob-
ability of hip fracture and major osteoporotic fracture (hip,
clinical spine, proximal humerus, or forearm) for untreated
patients between ages 40 and 90 years by simply using easily
obtainable clinical risk factors [3]. The National Osteoporosis
Foundation (NOF) has recommendations of managing pa-
tients based on FRAX scores [4].

Falls, especially in the elderly, lead to an increase in the risk
of hospitalization and a significant health decline. It is estimat-
ed that one in every three people over the age of 65 years and
one in two people over the age of 80 fall every year [2]. In
2008, it was estimated that the current yearly economic costs
of falls in older people are approximately €400 million. This
could increase to €2 billion in the next 25 years in the absence
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of a strategic approach to this serious and preventable problem
[2]. The average length of hospital stay following a fall is
12.7 days (average length of stay for all causes in this age
group is 11.5 days). Hip fractures are one of the most serious
injuries due to a fall [2].

The incidence of osteoporotic fractures increases with ad-
vancing age, and osteoporosis is often ignored in elderly pa-
tients due to other chronic illnesses. A medical inpatient stay
offers a window of opportunity for assessment of osteoporotic
fracture risk and the initiation of appropriate bone protection.
The objective of our study was to improve the assessment of
fracture risk among medical inpatients by, firstly, calculating
the absolute fracture risk by examining the clinical risk factors
used in the FRAX model and to determine the proportion of
patients whose absolute fracture risk exceeds the NOF thresh-
olds for treatment and secondly, to assess the risk of falls,
especially among patients with increased risk of fractures,
and finally, to design and implement a bone health protocol
to improve the assessment of fracture risk.

Methods

This study was carried out in the setting of a secondary care
referral center. The study participants were all consecutive
medical patients admitted to the medical wards at University
Hospital Kerry, Ireland. Patients excluded were those under
the age of 65, patients who do not speak English, patients with
learning difficulties, patients with a Mini-Mental State result
of below 12 points, and patients who were deemed to be too ill
to talk to.

All consecutive eligible patients were prospectively evalu-
ated to populate 11 clinical risk factor variables used in the
FRAX model, and fall assessment was made by using the
revised Fracture Risk Questionnaire (FRQ) [5]. For the whole
cohort, FRAX risk scores were calculated without information
on bone density. The revised FRQ is a 12-item self-assessment
questionnaire with 14 points in total and the cut-off points for
fall risk are ≥ 4 [5]. Additionally, by a short interview with the
patients, it was explored whether they are using any
osteoporosis-related medications, or they ever had a DXA
scan. The fracture risk through the FRAX model can be cal-
culated with or without knowledge of BMD. Eleven clinical
risk factors used in the FRAX calculator include age, sex,
smoking status (currently smoking or not), alcohol intake (at
least 3 units/day), glucocorticoid use (at least 5 mg/day of
prednisolone for 3 months or equivalent), diagnosis of rheu-
matoid arthritis, diagnosis of a condition related to secondary
osteoporosis, past fracture, and parent fracture history [3, 6].
For the entire cohort, BMI calculated from height and weight
was substituted for BMD in the FRAX calculator [7]. BMI
was imputed only once in the BMI section.

Statistical analysis was performed using the SPSS software,
version 17. Significance was defined as p< 0.05 (two-tailed). A
chi-square (χ2) statistic was used to investigate the distributions
of categorical variables, and continuous variables were analyzed
using Student’s t test. The study was conducted in adherence
with the Declaration of Helsinki and International Committee
on Harmonization good clinical practices.

Results

Overall, 465 consecutive medical inpatients were reviewed,
and among them, consecutive 200medical inpatients fulfilling
the inclusion and exclusion criteria were identified and
underwent further evaluation. The mean age of the cohort
was 73.8 ± 9 years, and 56% were male (Table 1). The body
mass index of the cohort was 27 ± 5. Table 1 describes the
prevalence of common risk factors of low BMD among this
cohort of 200 patients. Only 21% (n = 42) of patients reported
having ever had a DXA scan, but the results were available for
only five patients after extensive hospital record review.
Hence, for the entire cohort, BMI calculated from height and
weight was substituted for BMD in the FRAX calculator.

Only 31% (n = 62) of the whole cohort was using some
form of bone-related treatment (Table 1). High fall risk was
noted in 63% of the cohort as per the FRQ score. Significantly
higher number of patients with elevated fracture risk had also
high risk of falls (70% vs. 50%, p = 0.04). Among the whole
cohort, the absolute 10-year risk ofmajor osteoporotic fracture
was 15 ± 12, and of hip fracture was 7.6 ± 11. We noted that
64.5% (n = 129) of the cohort exceeded the NOF’s 3% hip
fracture risk threshold for treatment, and 25.5% (n = 51) of
the cohort exceeded the NOF’s 20% major fracture risk
threshold and these patients were largely untreated.

Table 2 describes the gender difference as regards the pres-
ence of these clinical risk factors for low BMD. Among this
cohort, although female were older, they had comparable
BMI, fall risk, smoking, secondary osteoporosis, and previous
history of fractures. Overall, the 10-year absolute risk for hip
or any major osteoporotic fracture was much higher among
female, but more of them had DXA scan and been on some
bone protection therapy.

With these findings, a bone health protocol has been devel-
oped (Fig. 1). This simple one-page questionnaire will be
completed on all medical inpatients aged ≥ 65 years, and the
patients will be identified with high risk of fractures and falls
for further management.

Discussion

This exploratory study provides a snapshot of the prevalence
of significant risk factors for osteoporotic fractures. Very high
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prevalence of such risk factors was noted and even worrying-
ly, was the finding of higher risk of falls which further

increases the risk of fractures. Poor screening and treatment
of osteoporosis has been reported worldwide, and every effort

Table 1 Demographic
characteristics and the brief
summary of results

Total number of medical inpatients during the study period 465

Patients excluded as per the exclusion criteria 265

Age < 65 = 203

Moderately confused elderly patients = 19

Who do not speak English = 5

Patients acutely unwell and/or in high dependency

Unit/coronary care unit = 38

Total number of patients assessed 200

Mean age of patients 73.8 ± 9 years (range)

Male 56% (n = 112)

Prevalence of risk factors for low BMD

Previous personal history of low fragility fracture 20.5% (n = 41)

Parental history of fracture 13.5% (n = 27)

Current smoking 17% (n = 34)

Current steroids 22% (n = 44)

History of rheumatoid arthritis 7.5% (n = 15)

Secondary osteoporosis 13% (n = 26)

Usage of alcohol > 3 units 11.5% (n = 23)

Body mass index 27 ± 5

Therapies for low BMD

Supplemented calcium and vitamin D only 48 (24%)

Oral bisphosphonates 13 (6.5%)

Hormone replacement therapy 1(0.5%)

Fall frequency

No falls 39 (19.5%)

< 1 fall in 6 months 132 (66%)

≥ 1 fall in 6 months 29 (14.5%)

≥ 1 fall in 1 month 7 (3.5%)

Table 2 Gender difference of the
risk factors for low bone mineral
density and estimated fracture and
fall risk

Variable Female Male p value

Previous history of fracture 28 (25) 28 (31) 0.90

Current smoking 15 (13) 19 (21) 0.57

Alcohol > 3 units a day 4.5 (4) 17 (19) 0.006

Secondary osteoporosis 14 (12) 12.5 (14) 0.81

High fall risk 64 (60) 62 (66) 0.87

Age 76 ± 9 72 ± 8.5 < 0.001

Body mass index 26.6 ± 4.5 27.4 ± 5.8 0.30

Already on osteoporosis treatment 50 (44) 16 (18) < 0.001

Familiar with osteoporosis 81 (71) 48 (54) < 0.001

Had a DXA scan 36 (32) 9 (10) < 0.001

10-year absolute risk for “any major” fracture 22.7 ± 14.6 8.8 ± 5 < 0.001

10-year absolute risk for hip fracture 12.6 ± 14.6 3.6 ± 3.6 < 0.001

Major osteoporotic fracture (10-year risk of ≥ 20%) 52 (46) 4.6 (5) < 0.001

Hip fracture (10-year risk of ≥ 3%) 82 (72) 51 (57) < 0.001

Presented as percentage (numbers)
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should be made to identify high-risk patients at every possible
interaction with medical care.

From the clinical standpoint, the results of this study are
important in a number of ways. Firstly, our study shows that
the significant risk factors for fractures are not only very com-
mon among unselected medical inpatients, but also these re-
main unidentified. Poor screening and treatment of osteopo-
rosis has been reported worldwide, and hence, countless

regional and international medical societies from different dis-
ciplines, such as endocrinology, rheumatology, primary care
physicians, and geriatric medicine, have put forth recommen-
dations for its screening and treatment. However, unfortunate-
ly, this has not seeped well into routine medical practices, and
the findings of our study are a clear reflection of the same. A
recent study, where authors used electronic patient records,
has found that about 10.1% of the cohort exceeded the

Fig. 1 Kerry Bone Health
Protocol was designed before the
study was initiated. This protocol,
which combined clinical risk
factors used to calculate FRAX
score, along with information on
mobility and fall frequency.
Moreover, this provides guidance
as regards the cut offs to consider
further intervention.
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NOF’s 20%major fracture risk threshold and 32.5% exceeded
the NOF’s 3% hip fracture risk threshold [8]. In comparison, a
significantly higher number of patients in our study exceeded
the NOF threshold for treatment, and one plausible explana-
tion is the older age of our cohort (mean age 73.8 years vs.
68.5 years) [8]. Similarly, another study has shown that the
percentage of patients (mean age of 68.5 years) exceeding the
treatment threshold was 50% [9].

Secondly, we believe that inpatient stay provides an impor-
tant opportunity and in many cases, may be the first interac-
tion with medical care to identify patients at high risk of frac-
tures. To our knowledge, there are no widely used or recom-
mended pathways for identifying, screening, or treating such
medical inpatients. Our study highlights that the opportunity
to identify such patients early is clearly missed, which can
potentially lead to fractures and its associated significant neg-
ative impacts. Strategies mainly focusing on improved com-
munication between different disciplines should be explored
especially among primary care physicians, hospitalists, and
geriatricians. A previous study has shown that in geriatric
patients, simple educational strategies can significantly im-
prove the assessment and management of bone health in at-
risk patients [10]. Thirdly, our study showed surprisingly high
prevalence of increased fall risk among unselected medical
inpatients. Fall screen is the first step in preventing falls and
medical inpatient stay again provides a unique opportunity to
focus on assessing, prescribing, and taking action through a
comprehensive multidisciplinary program. In the context of a
busy clinical inpatient stay with multiple acute medical issues
to address, it may not be always possible for clinicians to
provide an interdisciplinary plan for patients at high risk of
falls. However, we believe that through simple falls screening
assessments for elderly patients, at-risk patients can be identi-
fied and if needed, referrals can be arranged to other affiliated
departments and specialty providers who can further assist in
fall prevention. Customized patient care plans and individual-
ized recommendations to prevent falls are the ways forward.

Elderly medical inpatients are at significant risk of osteo-
porotic fracture and this appears largely unrecognized and
under-treated. FRAX has the potential to identify and improve
fracture risk assessment for patients with low bone density,
directing clinical fracture prevention strategies to those who
can benefit the most. Many of the clinical risk factors used in
the FRAX calculator are readily available during the routine
medical admission clerking. However, inpatient medical notes
can potentially fail to record important details of patient his-
tory and findings, and to overcome the problems with content
and legibility of notes, we have introduced a bone health pro-
tocol for our general medical inpatients aged ≥ 65 years,
which could relieve physicians of the need to retrospectively
collect these risk factors. This one-page protocol outlines all
risk factors used in FRAX score, and also enquires about the

frequency of falls; patients, whose fracture risk exceeds NOF
guidelines, are identified and further management is arranged.

The following are the strengths of our study: to minimize
the selection bias, we have recruited all consecutive patients,
and the prospective analysis of patients since the previous
studies have mainly studied these clinical risk factors by elec-
tronic patient records or by retrospective analysis of data.
Moreover, we have studied not only the clinical risk factors,
but also the important details as regards the risk and frequency
of falls. We used NOF thresholds for intervention, since these
are easy to apply at ward level and do not change at individual
patient level. The National Osteoporosis Guideline Group
(NOGG) recommendations were not used in our study since
these recommendations for decision-making differ from
patient-to-patient basis, and likely will lead to suboptimal
measurement of fracture risk at the ward level.

We acknowledge that there are several limitations to our
study. For example, patients with mild-moderate cognitive
impairment were included in this study who may not be able
to accurately answer subjective questions about previous falls
and fractures.We also included these patients to obtain a better
representation of elderly population. However, we also obtain-
ed data regarding subjective questions (such as falls and frac-
tures) from medical records, GP letters, and also from their
immediate family members. We also acknowledge that FRAX
has not been validated in hospital inpatients, and further pro-
spective studies are required. However, recently published
SCOOP trial confirms the utility of this approach among com-
munity dwellers. This study has shown that screening of older
women using the FRAX tool leads to 28% relative risk reduc-
tion in hip fractures [11]. Further prospective studies are re-
quired to validate FRAX as a screening tool among hospital-
ized inpatients. Additionally, in our study, fall assessment was
made by using FRQ, which needs further validation, and rea-
sons for admission and medications used were not collected.
Given the described exclusion criteria and since this was not a
population-based study, there is a risk of selection bias.

To conclude, high prevalence of fracture and fall risk was
noted among medical inpatients. Fracture risk assessment can
be easily carried out in the wards as a part of routine admission
clerking. A simple-to-apply protocol has been developed,
which has resulted in appropriate identification of patients
with high risk of fractures. The introduction of this bone health
protocol will greatly help in our challenge to prevent, diag-
nose, and treat osteoporosis before disability from fractures
occurs.
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