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Background: Osteoporosis is considered the most common 
bone disease in humans and the most common cause of 
fractures. 
objectives: To identify possible risk factors associated with 
a low level of care for osteoporosis in patients presenting 
acutely with the major types of fragility fractures, as well as in 
patients who remain undertreated following their discharge.
methods: We conducted a retrospective questionnaire-based 
cohort study. We searched our databases for patients admitted 
acutely with proximal humerus, distal forearm, thoraco-lumbar  
spine, and proximal femur fractures. A questionnaire was used 
to evaluate osteoporotic care including a referral to DEXA and 
any associated prescribed medication.
results: The study group included 114 patients or their care- 
givers. The osteoporosis care rate rose from 56.1% (n=64) 
before admission to 71% (n=81) at follow-up. Significant risk 
factors associated with a decreased care rate prior to admission 
were the presence of fewer than three comorbidities and a 
combination of male gender and young age. Continued neglect 
at follow-up was associated with the opposite risk factors, such 
as older age, multiple comorbidities, and polypharmacy. An 
additional finding was that treated patients had a significantly 
increased likelihood of presenting with vertebral fractures.
conclusions: While the association of osteoporosis with the 
elderly may decrease screening rates among younger and 
healthier patients, fragility fractures may be viewed as “end-
stage” bone disease, rendering osteoporotic care inefficient.
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aBstract:

KeY Words:

o steoporosis, defined as a bone mineral density of 2.5 stan-
dard deviations or more below the young normal mean, 

is considered to be the most common bone disease in humans 
and the most common cause of fractures [1]. Commonly, the 
first sign of decreased BMD1 is the occurrence of fragility frac-

BMD = bone mineral density

tures, often defined as low energy injuries affecting the older 
population and usually located at areas rich in trabecular bone, 
such as the proximal humerus, distal forearm, thoraco-lumbar  
spine, and hip [2]. According to the National Osteoporosis 
Foundation’s Clinician’s Guide to Prevention and Treatment 
of Osteoporosis published in 2008 [3], because fractures are 
considered the only early sign of osteoporosis, many patients 
are diagnosed relatively late in the disease course and therefore 
do not receive proper treatment.

The goal of the present study was to identify possible risk 
factors associated with a low level of care for osteoporosis in 
patients presenting acutely with the major types of fragility 
fractures, as well as in patients who remain undertreated fol-
lowing their discharge.

Patients and metHods

The protocol of this study was reviewed and approved by our 
medical center’s Ethics (Helsinki) Committee. We retrospec-
tively searched our center’s computerized database, identi-
fying patients admitted to our department over a 5 month 
period with acute fragility fractures related to a low energy 
mechanism and involving one or more of the following ana-
tomic locations: the proximal humerus, the distal forearm, 
the proximal femur, and the thoraco-lumbar  spine. Exclusion 
criteria were age under 50 and a history or a radiographic 
appearance suggestive of either a high energy injury or any 
pathology suspected to be other than osteoporosis-related 
(e.g., malignancy, infection, etc.).

After retrieving the data, the patients themselves or a pri-
mary caregiver were contacted by phone, informed consent 
was given, and a questionnaire was used to assess personal 
history as well as osteoporosis evaluation and treatment 
before and after admission.

Specific osteoporosis-related medication types that were 
evaluated included calcium and/or vitamin D supplementa-
tion, bisphosphanates, hormone replacement therapy, calcito-
nin and parathyroid hormone. In addition, the patients were 
asked whether they had been referred for a dual energy X-ray 
absorptiometry scan before and after admission. Positive 
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“osteoporosis care” was defined as either being treated with 
one of the aforementioned medications or having been 
referred for or evaluated with a DEXA2 scan. The question-
naire used is presented in Figure 1.

Patients not evaluated for osteoporosis before admission 
and patients who failed to initiate therapy after discharge were 
compared with treated patients, and statistic analysis was 
aimed at searching for significant risk factors associated with a 
decreased level of care before and after hospitalization in these 
two groups of interest. The variables analyzed included gen-
der, age, polypharmacy (more than three medications taken 
regularly), multiple comorbidities (more than three), treat-
ment (conservative vs. surgical), and location of the fracture. 
In a case of more than two simultaneous fractures the primary 
fracture was defined as the one necessitating acute surgical 
care or causing the greatest amount of subjective functional 
limitation. Due to the limitations of group size, fracture types 
were sorted into those involving the upper extremity (proximal 
humerus and distal forearm), fractures of the proximal femur, 
and fractures of the thoraco-lumbar  spine.

Simple chi-square tests were used to assess the variables 
independently, and univariate analysis of variance was used 
to evaluate a possible interaction between gender and age.

results

During the first 5 months of 2008, 170 patients were admitted 
to our department after being diagnosed with acute fragil-
ity fractures. At an average follow-up period of 18 months, 
114 patients (73 females, 41 males, mean age 74.5) or their 
primary caregiver (72 patients answered the questions them-
selves, 42 questionnaires were answered by the caregivers) 

DEXA = dual energy X-ray absorptiometry

were available and fully cooperative during the phone survey 
and fulfilled the inclusion criteria of the study. 

The most common primary location involved was the 
proximal femur (n=83, 72.8%), followed by the thoraco-lum-
bar  spine (n=17, 14.9%) and the upper limb (n=14, 12.3%). 
Three patients were diagnosed with simultaneous proximal 
femur and proximal humerus fractures and were therefore 
omitted from the statistical analysis. Eighty-four patients 
(73.8%) were treated surgically and the remainder conser-
vatively, either due to the nature of the injury (e.g., stable 
vertebral body compression fractures, minimally displaced 
distal radius, and proximal humerus fractures) or as a result 
of the patient’s poor general health, rendering an opera-
tive treatment life-threatening. The overall mortality rate 
was 22.1% (n=22) and did not differ significantly between 
the group treated operatively (21.4%, n=15) and the group 
treated conservatively (21.6%, n=7). Patients’ demographic 
and clinical characteristics are summarized in Table 1.

The proportion of patients receiving at least one additional 
intervention following hospitalization was 31.6% (n=32), 
of whom 20.7% had medical treatment added, 6.9% were 
referred for a DEXA scan alone, and the remaining 4.9% had 
both added. As a result, the rate of osteoporosis care (i.e., 

Patient: __________
Age: _____________
Gender: F/M
Fracture location: prox. hum/dis. radius/hip/vertebra
Treatment: conservative/surgery
Medications: ________________
Past surgical history: __________
Past fragility fractures: yes/no/. Specify __________________
Osteoporosis medication: ______________

Before admission at follow-up

Vitamin D and/or calcium

Bisphosphonates

Hormone replacement therapy

Referral to DEXA

Other

Figure 1. Questionnaire used in the survey

gender
Female
Male

73 (64%)
41 (36%)

Total 114

age (yr)
50–60
60–70
70–80
< 80

7 (6.1%)
18 (15.8%)
49 (43%)
40 (35.1%)

Total 114

diagnosis
Proximal femur
Thoraco-lumbar  spine
Distal forearm
Proximal humerus

80 (70.2%)
17 (14.9%)
8 (7%)
6 (5.2%)

Total* 111

multiple comorbidities
3
≤ 3

47 (41.2%)
58 (50.9%)

Total** 105

Polypharmacy
3
≤ 3

23 (20.2%)
68 (59.6%)

Total** 91

treatment
Surgery
Conservative

83 (72.8%)
31 (27.2%)

Total 114

*Three patients were omitted due to concurrent fractures
**Insufficient data

table 1. Demographic and clinical characteristics of the study group
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of fractures, had no apparent effect on the treatment rates. 
A similar combination of age and gender failed to identify 
any tendency to being neglected. The characteristics of the 
“neglected” group at follow-up are shown in Table 3.

discussion

The most important finding of the current study and in con-
trast to other reports was that decreased care prior to admis-
sion was significantly associated with patients who had fewer 
comorbidities, and non-significantly with patients receiving 
fewer medications. This finding is supported by another find-
ing indicating that young age combined with male gender 
was also significantly associated with decreased care rates. 
At follow-up, decreased care was associated with the opposite 
risk factors (i.e., slightly older patients with multiple comor-
bidities), although not significantly. 

Osteoporosis affects nearly 200 million individuals world-
wide [4], placing an enormous medical and financial burden 
on both individuals and health care systems. According to the 
Third National Health and Nutrition Examination Survey [5], 
over 10 million people are diagnosed with osteoporosis in the 
United States and over 33 million have decreased bone density 
of the hips. The personal and economic burden imposed by 
osteoporosis-related fractures is overwhelming: more than 1.5 

patients receiving at least one medication or having been 
referred for a DEXA scan) increased from 56.1% (n=64) prior 
to admission to 71% (n=81) at follow-up. Of 15 patients who 
suffered a fragility fracture prior to admission, 7 were evalu-
ated after discharge. 

A significant risk factor found to be associated with a 
decreased care rate prior to admission was having less than 
three major comorbidities (only 42.6% of healthier patients were 
treated compared to 70.7% of patients with more than three 
comorbidities). When univariate analysis of variance was per-
formed combining age and gender, younger males were also at 
a significantly higher risk of being neglected compared to older 
males (mean age 71 among non-treated compared to an aver-
age of 80 among treated males, P = 0.012). The non-significant 
risk factors identified included male gender, younger age, and 
receiving less than three medications regularly. An additional 
finding was that a significantly larger proportion of patients 
eventually diagnosed with a vertebral compression fracture 
were more likely to have been either treated or evaluated prior 
to admission (82.4%, P = 0.046). A summary of the risk fac-
tors associated with a decreased care rate before admission is 
presented in Table 2.

At follow-up, 28.9% of the patients (n=33) still received 
inadequate care for osteoporosis, whereas 14.9% (n=17) were 
either referred for a DEXA scan or were prescribed one of 
the aforementioned drugs. Analysis revealed that continued 
neglect was associated with older age, multiple comorbidities, 
polypharmacy, and conservative treatment. No statistical sig-
nificance, however, was identified. Gender, as well as location 

no. of non-treated 
patients

no. of treated 
patients P value 

gender
Male
Female

21 (52.2%)
29 (39.7%)

20 (48.8%)
44 (60.3%) 0.246

Total 50 64

Age (yr, average) 74.2 76.6 0.218

diagnosis
Proximal femur
Upper limb
Thoraco-lumbar  spine

38 (47.5%)
8 (57.1%)
3 (17.6%)

42 (52.5%)
6 (42.9%)
14 (82.4%) 0.046

Total* 49 62

multiple comorbidities
3
≤ 3

27 (57.4%)
17 (29.3%)

20 (42.6%)
41 (70.7%) 0.05

Total** 44 61

Polypharmacy
3
≤ 3

14 (60.9%)
26 (38.2%)

9 (39.1%)
42 (61.8%) 0.088

Total** 40 51

*Patients omitted due to concurrent fractures
**Insufficient data

table 2. Risk factors for inadequate treatment prior to admission

no. of “neglected” 
patients at  
follow-up

no. of newly  
treated patients  
at follow-up

P 
value

gender
Male
Female

14 (66.7%)
19 (65.5%)

7 (33.3%)
10 (34.5%) 1.0

Total 33 17

Age (yr, average) 75.3 71.9 0.386

diagnosis
Proximal femur
Upper limb
Thoraco-lumbar  spine

26 (68.4%)
4 (50%)
2 (65.3%)

12 (31.6%)
4 (50%)
1 (34.7%) 0.609

Total * 32 17

multiple comorbidities
3
≤ 3

18 (66.7%)
13 (76.5%)

9 (33.3%)
4 (23.5%) 0.366

Total ** 31 13

Polypharmacy
3
≤ 3

8 (57.1%)
20 (76.9%)

6 (42.9%)
6 (23.1%) 0.173

Total ** 28 12

treatment
Conservative
Operative

7 (77.8%)
26 (63.4%)

2 (22.2%)
15 (36.6%) 0.341

Total 33 17

*One patient was omitted due to concurrent fractures
**Insufficient data

table 3. Risk factors for inadequate treatment at follow-up
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primary physician. Due to the setting of the current study (a 
questionnaire-based study aimed at patients only) an attempt 
to analyze the “true” treatment rate is suboptimal. 

Finally, despite the increasing incidence of these injuries 
in orthopedic trauma, growing evidence suggests that the 
orthopedic surgeon’s contribution to osteoporotic care remains 
generally inadequate [9,16,21,22]. Despite the undoubted 
important role of the orthopedic surgeon as the medical liaison 
between the treatment of the acute fracture and the ambula-
tory treatment of osteoporosis, this aspect of contribution to 
the low care rate was not evaluated in the current study. 

Overall, the discrepancy between previously described 
risk factors for decreased care and those identified by the 
current study may warrant larger-scale studies to improve 
future evaluation and treatment rates.
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The National Osteoporosis Foundation recommends initi-
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Bibliometric studies on the quantity and quality of articles 
published in rheumatology journals are scarce. A study by Tao 
Cheng and Guoyou Zhang compared scientific production in 
the field of rheumatology between countries and evaluated the 
publication trend and citations worldwide. Articles published 
in 39 rheumatology journals from 1996 to 2010 were screened 
using the Scopus database. The number of articles, citations, 
Hirsch indices (h-indices) and international collaborations 
were determined for countries or regions. Publication activ- 
ity was adjusted for the top 35 countries categorized by 
population size and gross domestic product (GDP). A total of 
43 808 articles were identified. The time trend of the number 
of articles showed an increase of 2.95-fold between 1996 and 
2010. Western Europe and northern America were the most 
productive world areas, producing 52.4% and 23.1% of the 
available literature, respectively. The USA published the most 

articles, followed by the UK and Germany. The USA, the UK and 
the Netherlands had the highest h-indices (169, 137 and 117, 
respectively) and ranked about the same when total citations 
were used. However, Ireland had the highest average citations 
per article (48.33), followed by Denmark (40.19) and the 
Netherlands (39.86). Positive associations between the total 
number of publications/citations and population/GDP were 
observed (P < 0.01). Scandinavian countries ranked the highest 
after adjusting for population and GDP. Israel ranked very 
high in all scores – third place in the number of publications 
per billion US $ GDP, fourth in the number of citations per 
billion US $ GDP, sixth in the number of publications per 10 
million inhabitants and eleventh in citations per 10 million 
inhabitants.
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Worldwide research productivity in the field of rheumatology 

We are facing a global metabolic health crisis provoked by an 
obesity epidemic. Le Chatelier and co-workers assessed the 
human gut microbial composition in a population sample of 
123 non-obese and 169 obese Danish individuals. The authors 
found two groups of individuals differing by the number of 
gut microbial genes and thus gut bacterial richness, and 
containing known and previously unknown bacterial species 
at different proportions; individuals with a low bacterial 
richness (23% of the population) are characterized by more 
marked overall adiposity, insulin resistance and dyslipidemia 
and a more pronounced inflammatory phenotype when 

compared with individuals having high bacterial richness. 
The obese individuals among the lower bacterial richness 
group also gain more weight over time. Only a few bacterial 
species are sufficient to distinguish between individuals with 
high and low bacterial richness, and even between lean and 
obese participants. This classifications based on variation 
in the gut microbiome identify subsets of individuals in the 
general white adult population who may be at increased risk 
of progressing to adiposity-associated co-morbidities.

Nature 2013; 500: 541
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richness of human gut microbiome correlates with metabolic markers

“it is not the strongest of the species that survive, nor the most intelligent, but the one most 
responsive to change”

Charles Darwin (1809-1882), English naturalist who established the theories of evolution and natural selection




