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Background: Alarm services in the Order Communication System improve awareness 
for related physicians including orthopaedic surgeons, internal medicine doctors, and 
other relevent doctors. This prospective observational multicenter study was to com-
pare the diagnostic and treatment rates of osteoporosis between an alarm service group 
and a no alarm service group. Methods: From January 2017 to december 2017, The sub-
jects included patients aged 50 years or older with hip fractures from 16 hospital-based 
multicenter cohorts. Among the 16 hospitals, 5 university hospitals established an alarm 
service for osteoporosis management (i.e., Alarm group) and 11 university hospitals did 
not set-up alarm services (i.e., Control group). The rate of dual energy X-ray absorptiom-
etry (DXA) test and the initiation rate of antiosteoporosis medications between the 2 
groups were compared at enrollment and at 6 months follow-up. Results: During the 
study period, 1,405 patients were enrolled. The DXA examination rate and initiation rate 
of osteoporosis treatment between the Alarm group and the Control group were 484 
patients (89.8%) vs. 642 patients (74.1%) (P<0.001) and 355 patients (65.9%) versus 294 
patients (33.9%) (P<0.001), respectively. At 6 months follow-up, the rate of anti-osteo-
porosis management between the 2 groups decreased (57.8% vs. 29.4%). Conclusions: 
This prospective multicenter study demonstrates that alarm services can improve 
awareness of physicians, and it resulted in a significantly higher rate of examination of 
DXA and initiation of anti-osteoporosis medication in the Alram group. Therefore, alarm 
service is a simple and effective tool to increase anti-osteoporosis management as part 
of the fractuure liaison service in South Korea.
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INTRODUCTION

Osteoporosis is defined as an illness characterized by decreased bone strength 
that results in increased risk of fracture.[1] According to reports from the Korea 
National Health and Nutrition Examination Survey (KNHA NES 2008-2009) data, 
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prevalence of osteoporosis in adults aged 50 years or older 
is 22% (35.5% in women and 7.5% in men) and the rae for 
treatment was only 12.8% (14.4% in women and 4.0% in 
men).[2] In addition, only 37% of patients with fragility 
fractures were prescribed anti-osteoporosis drugs within 6 
months post-fracture.[3]

Anti-osteoporosis medications have been shown to pre-
vent fragility osteoporotic fractures not only for patients 
with osteoporosis but also for patients with previous fragil-
ity fractures.[4-6] To date, numerous studies have repored 
that anti-osteoporosis medication in patients with osteo-
porotic fragility fractures reduces the risks of subsequent 
fragility fractures.[4,5]

A fracture liaison service (FLS) is a multidisciplinary system 
approach to reducing subsequent fracture risk in patients 
with a recent fragility fracture. This service identifies patients 
at the time that they are treated at the hospital for a fracture 
and provides them easy access to osteoporosis care.[7]

The FLS program for the prevent of secondary fragility 
fractures has been operating and has reported successful 
outcomes in many countries over the last 3 decades.[8] Al-
though many studies have reported cost-effectiveness of 
the FLS programs,[9,10] the FLS program in Korea is still 
young and in the beginning stages. Among several factors 
in the FLS program, the coordinator-based education is 
the most important.[11,12] However, in Korea, coordina-
tor-based FLS programs are difficult to operate because of 
reimbursement for education costs by insurance company.

Therefore, an alarm service has been designed in order 
to improve the use of osteoporosis medication through 
the hospital’s computer system. Alarm services in the Or-
der Communication System (OCS) were included as a ne-
cessity of dual energy X-ray absorptiometry (DXA) and an-
ti-osteoporosis medications on the computer monitor when 
the patient visited the emergency room or an outpatient 
clinic. Alarm services in the OCS improves awareness for 
related physicians including orthopaedic surgeons, inter-
nal medicine doctors, and other relevant doctors. This pro-
spective observational multicenter study was to compare 
the diagnostic and treatment rates of osteoporosis between 
an alarm service group and a no alarm service group.

 

METHODS

The design and protocol of this prospective study were 

approved by the Institutional Review Board at the hospital. 
All patients were informed that their medical data would 
be used for scientific study, and written informed consent 
was obtained from each of the patients.

1. Study population
The subjects of this study were patients aged 50 years or 

older, included in a hospital based multicenter cohort in-
volving those with hip fractures (including femur neck, in-
tertrochanter, and subtrochanter fractures). The cohort 
was established in April 2016, when eligible patients had 
been registered from 16 university hospitals. Data of the 
patients were collected at the central office using the Ko-
rea National Institute of Health web-based system (an In-
ternet-based Clinical Research and Trial Management Sys-
tem (iCreaT, Cheongju, Korea). The inclusion criteria of this 
study featured the following: (1) patients who sustained 
hip fractures due to lowenergy trauma [13]; (2) those who 
were operating with either internal fixation or hemiarthro-
plasty; and (3) those who were aged 50 years or older at 
the time of surgery. The exclusion criteria were the follow-
ing: (1) patients with metabolic bone diseases; (2) those 
with pathological fractures; and (3) those who suffered 
atraffic accident or industrial trauma.

2. The alarm services
The alarm service is a pop-up massage in the OCS of the 

hospital and was developed tor improve awareness of di-
agnosis and initiation of treatment for osteoporosis (Fig. 1). 
These alarm services automatically appear in the OCS when 
patients with hip fractures aged 50 years or older visited 
the emergency room or an outpatient clinic. Additionally, 
this service would appear if the patient qualified for Inter-
national Classification of Diseases, tenth revision diagnos-
tic codes S72.0 (fracture of the femur neck ) and S72.1 (tro-
chanteric fracture).

3. Evaluating outcomes
The patients were separated into 2 groups. The Alarm 

group (i.e., treatment) included setting up alarm services 
in 5 university hospitals and the No Alarm (i.e., control) 
group involved no alarm services within 11 university hos-
pitals. The rate of DXA and the initiation rate of anti-osteo-
porosis medications between both groups were compared 
at enrollment and at 6 months follow-up.
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4. Statistical analysis
A χ2 test was used to compare the rates of DXA examina-

tion, osteoporosis medication, and 30-days mortality be-
tween the 2 groups. All analyses were performed using 
SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA). A 
P value of less than 0.05 was considered significant.

RESULTS

During the study period, 1,436 patients were eligible for 

the study. Thirty-one patients were excluded: 16 patients 
refused to participate, 10 patients with mental illness were 
unable to check DXA, and 5 patients did not meet the age 
requirement (less than 50 years old). Of the 1,405 patients, 
539 patients were assigned to the Alarm group and 866 
patients were in the Control group (Fig. 2).

Although age, body mass index, and mortality at 30-days 
did not differ between the 2 groups, gender (P=0.040), di-
agnosis (P=0.011), American Society of Anaesthesiologist 
Physical Status (ASA-PS) (P=0.017), and type of operation 

Fig. 1. Alarm service messages recommending dual energy X-ray absorptiometry test and the initiation of antiosteoporosis medication.
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(P<0.001) showed a significant difference between the 2 
groups (Table 1).

 The DXA examination rate and initiation rate of osteo-
porosis treatment between the Alarm group and the Con-
trol group were 484 patients (89.8%) vs. 642 patients (74.1%) 
(P<0.001) and 355 patients (65.9%) vs. 294 patients (33.9%) 
(P<0.001), respectively (Table 2). At 6 months follow-up, 
the rate of anti-osteoporosis management between the 2 
groups decreased (57.8% vs. 29.4%; Table 2). Bisphospho-

nate was prescribed in 447 patients (68.9%), selective es-
trogen receptor modulator in 131 patients (20.2%), and 
parathyroid hormone in 71 patients (10.9%). Only 238 pa-
tients (36.6%) were prescribed a combinationo fo calcium 
and vitamin D.

 

DISCUSSION

Anti-osteoporosis management is important for FLS pro-
grams to prevent subsequent fragility fractures.[9,11,12,14] 
This prospective multicenter observational study dshowed 
89.8% and 65.9% of the DXA examination rate and initia-
tion rate of osteoporosis treatment in the Alarm group, 
which are significantly higher than those in the Control 
group (74.1% and 33.9%), respectively (P<0.001). At the 6 
month follow-up, the rate of anti-osteoporosis manage-
ment decreased to 57.8% in the Alarm group and 29.4% in 
the Control group.

Improving physician awareness for osteoporosis treat-
ment is important in order to prevent subsequent fractures. 

Table 1. Demographic data

Alarm group 
(n=539)

Control group 
(n=866) P-value

Gender 0.040

   Male 415 (77.0) 624 (72.1)

   Female 124 (23.0) 242 (27.9)

Age (yr) 78.9±9.3 78.2±9.4 0.186

BMI (kg/m2) 22.4±3.5 22.1±3.4 0.223

Diagnosis 0.011

   Neck 246 (45.6) 397 (45.8)

   Intertrochanteric 266 (49.4) 433 (50.0)

   Subtrochanteric 7 (1.3) 36 (4.2)

ASA-PS 0.017

   1 21 (3.9) 63 (7.3)

   2 323 (59.9) 460 (53.1)

   3 184 (34.1) 322 (37.2)

   4 11 (2.0) 21 (2.4)

Type of operation <0.001

   Internal fixation 206 (38.2) 505 (58.3)

   Arthroplasty 333 (61.8) 353 (40.8)

   Death 30 days 8 (1.5) 14 (1.6) 0.718

The data is presented as mean±standard deviation or number (%).
BMI, body mass index; ASA-PS, American Society of Anaesthesiologist 
Physical Status.

Table 2. Comparison of rates of dual energy X-ray absorptiometry 
examination, initiation of antiosteoporosis medication, and antios-
teoporosis medication at 6 months follow-up between 2 groups 

Alarm group 
(n=539)

Control group 
(n=866) P-value

DXA examination 484 (89.8) 642 (74.1) <0.001

Initiation of antiosteoporosis 
medication

355 (65.9) 294 (33.9) <0.001

Antiosteoporosis medication 
at 6 months follow-up

57.8% 29.4% <0.001

The data is presented as number (%).
DXA, dual energy X-ray absorptiometry.

Fig. 2. Flow chart showing subject involvement in the study.

Excluded (n=31)
  • Refusal to participate (n=16)
   • Preoperative mental illness (n=10)
   • Less than 50 years old (n=5)

Assessed for eligibility (n=1,436)

Randomized (n=1,405)

Enrollment

Allocated to Alarm group (n=539) Allocated to Control group (n=866)

Allocation
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Comparing anti-osteoporosis management in the Control 
group (33.9%) that in the Alarm goup (65.9%) demonstrat-
ed that an alarm service program may be an effective tool 
for physiciam awareness and may result in an increase an-
ti-osteoporosis management. This finding corresponds 
with previous studies. Kim et al. [15] examined the effect 
of pop-up messages (regarding a history of DXA) in the 
identification and management of soteoporosis in 404 pa-
tients with osteoporotic hip or spine fractures, conducting 
before and after study. They reported that after introduc-
ing the pop-up messages, the rate of DXA prescription in-
creased from 35.1% to 57.1% (P<0.001), and the rate of an-
ti-osteoporosis medication increased from 21.1% to 25.2% 
(P=0.05).[15] Nho et al. [13] performed case control study 
to determine whether an alarm clock could improve com-
pliance with weekly bisphosphonate in 100 patients with 
osteoporosis. They reported that the mean medication rates 
of the Alarm group (0.80±0.33) was higher than that fo 
the Control group (0.56±0.34) (P<0.001).[13] Therefore, it 
can be inferred that even though an alarm service is a sim-
ple and limited tool, it may be helpful in improving physi-
cian and patient awareness. Additionally, findings show an 
increase in the rate of DXA examniation and an increase in 
initiation or maintenance of anti-osteoporosis medication.

Although FLS programs in other developed countries 
are based on coordinator-based system,[6,16] reimburse-
ment of coordination costs is not possible in South Korea. 
Due to computerization of hospital systems in South Ko-
rea, all hospital and clinics are operating on an electronic 
chart system, such as OCS. Therefore, an alarm service mod-
el developed for increasing anti-osteoporosis medication 
is one of the important factors of FLS in South Korea. Al-
though the alarm service system in this model was shown 
to be successful in comparison to the Control group, it might 
be difficult to generalize and substitute a coordinator for 
the FLS system. The role of the coordinator is to not only 
recommend anti-osteoporosis medication, but to also pro-
vide education on nutrition, exercise, and other medical 
problems.

According to the Korean National Health Insurance reim-
bursement guidelines, bone mineral density was evaluat-
ed in cases that might require osteoporosis treatment. This 
is cause the cost of calcium and vitamin D supplements 
was reimbursed if the DXA T-score was lower than −1.0, 
and the cost of osteoporosis medication was reimbursed if 

the DXA T‐score was lower than −2.5.[15] Since May 2015, 
patients with an osteoporotic fracture received reimburse-
ment for anti-osteoporosis medication for 3 years regard-
less of T-score.[17] The reimbursement guidelines are pos-
sible due to the success of the alarm service program and 
assure the FLS model in South Korea.

This study has several limitations. First, although this 
multicenter study was prospectively designed, random as-
signment and blindness were not possible. In addition, he 
alarm service was not available in all of the hospitals due 
to different situations in individual hospitals. Therefore, 
only 5 hospitals were able to implement an alarm service 
using OCS. Second, the duration of a 6-month follow-up 
period might not confirm compliance with anti-osteopo-
rosis medication. However, this alarm service was designed 
to conform the initiation of DXA examination and anti-os-
teoporosis medication in patients with hip fractures. Finally, 
the alarm service model only improved awareness among 
physicians, but not among patients. Therefore, an educa-
tion program for patients might be mandatory.

Nevertheless, this prospective multicenter study dem-
onstrates that an alarm service may improve physician aware-
ness and have significantly higher rates for examination of 
DXA and initiation of anti-osteoporosis medication. There-
fore, as a simple and effective tool for increasing anti-os-
teoporosis management, an alarm service may be part of 
the FLS in South Korea.
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