ORIGINAL RESEARCH - MUSCULOSKELETAL IMAGING

Radiology

Osteoporotic Precise Screening Using Chest Radiography

and Artificial Neural Network: The OPSCAN Randomized
Controlled Trial

Chin Lin, PhD * Dung-Jang Tsai, PhD * Chih-Chia Wang, MD, PhD o Yuan Ping Chao, MD * Jun-Wei Huang, MD
Chin-Sheng Lin, MD, PhD * Wen-Hui Fang, MD

From the Medical Technology Education Center, School of Medicine, National Defense Medical Center, Taipei, Taiwan, ROC (C.L.); Department of Artificial
Intelligence (C.L., D.J.T., W.H.E), Department of Family and Community Medicine (C.C.W.,, Y.RC., J.W.H., W.H.E), and Division of Cardiology, Department
of Internal Medicine (C.S.L.), Tri-Service General Hospital, National Defense Medical Center, No. 325, Sec. 2, Chenggong Rd, Neihu District, Taipei
TW 114, ROC; School of Public Health, National Defense Medical Center, Taipei, Taiwan, ROC (C.L., D.J.T.); and Department of Statistics and Information Science,
Fu Jen Catholic University, Taipei, Taiwan, ROC (D.].T.). Received July 30, 2023; revision requested September 7; final revision received March 20, 2024; accepted April 11.
Address correspondence to W.H.E. (email: rumaf.fang@gmail.com).

C.L. supported by the National Science and Technology Council, Taiwan (MOST110-2314-B-016-010-MY3), Cheng Hsin General Hospital Foundation
(CHNDMC-113-11205), and Medical Affairs Bureau, Taiwan (MND-MAB-C07-113021). W.H.E supported by Tri-Service General Hospital, Taiwan (801GB113239).

Conflicts of interest are listed at the end of this article.

See also the editorial by Smith and Rothenberg in this issue.

Radiology 2024; 311(3):e231937 ® hetpsi//doi.org/10.1148/radiol.231937 ® Content codes: (K] [Al]

Background:  Diagnosing osteoporosis is challenging due to its often asymptomatic presentation, which highlights the importance of
providing screening for high-risk populations.

Purpose:  To evaluate the effectiveness of dual-energy x-ray absorptiometry (DXA) screening in high-risk patients with osteoporosis
identified by an artificial intelligence (AI) model using chest radiographs.

Materials and Methods:  This randomized controlled trial conducted at an academic medical center included participants 40 years of

age or older who had undergone chest radiography between January and December 2022 without a history of DXA examination.
High-risk participants identified with the Al-enabled chest radiographs were randomly allocated to either a screening group, which

was offered fully reimbursed DXA examinations between January and June 2023, or a control group, which received usual care,
defined as DXA examination by a physician or patient on their own initiative without Al intervention. A logistic regression was used to
test the difference in the primary outcome, new-onset osteoporosis, between the screening and control groups.

Results:  Of the 40 658 enrolled participants, 4912 (12.1%) were identified by the AT model as high risk, with 2456 assigned to the
screening group (mean age, 71.8 years + 11.5 [SD]; 1909 female) and 2456 assigned to the control group (mean age, 72.1 years +

11.8; 1872 female). A total of 315 of 2456 (12.8%) participants in the screening group underwent fully reimbursed DXA, and 237 of
315 (75.2%) were identified with new-onset osteoporosis. After including DXA results by means of usual care in both screening and
control groups, the screening group exhibited higher rates of osteoporosis detection (272 of 2456 [11.1%)] vs 27 of 2456 [1.1%]; odds
ratio [OR], 11.2 [95% CI: 7.5, 16.7]; P < .001) compared with the control group. The ORs of osteoporosis diagnosis were increased in
screening group participants who did not meet formalized criteria for DXA compared with those who did (OR, 23.2 [95% CI: 10.2,
53.1] vs OR, 8.0 [95% CI: 5.0, 12.6]; interactive P = .03).

Conlusion:  Providing DXA screening to a high-risk group identified with Al-enabled chest radiographs can effectively diagnose more
patients with osteoporosis.

Clinical trial registration no. NCT05721157
© RSNA, 2024

Supplemental material is available for this article.

steoporosis affects around 200 million women globally,

with an expected annual increase of 9 million individu-
als (1,2). This disease poses substantial economic impacts,
which are primarily due to osteoporotic fractures (3). De-
spite the potential of antiosteoporotic treatments to reduce
fracture risk (4), underdiagnosis and undertreatment are
widespread (5). The diagnosis of osteoporosis predomi-
nantly relies on dual-energy x-ray absorptiometry (DXA)
assessment of bone mineral density, a screening method that
has proven effective in preventing fractures in women aged
65 years and older (6). However, DXA screening is unde-
rused (7), with only 30% of women and 4% of men aged

65 and older covered by Medicare reimbursing DXA (8),
thus emphasizing the need for a risk-stratification tool to
encourage screening among high-risk populations (9).
Radiologists can identify patients with potential os-
teoporosis by using various medical images and facili-
tate subsequent interventions (10), a practice known as
opportunistic screening (11). The advent of deep learn-
ing models has prompted considerations for integrating
artificial intelligence (AI) into radiologic daily practices
for such screenings (12), with recent studies exploring its
application in opportunistic screening for osteoporosis
(13-16). Among these modalities, chest radiography is the

This copy is for personal use only. To order copies, contact reprints@rsna.org



Screening for Osteoporosis Using Chest Radiography and Al

Abbreviations

Al = artificial intelligence, DXA = dual-energy x-ray absorptiometry,
FRAX = Fracture Risk Assessment Tool, ISCD = International Society
for Clinical Densitometry, OPSCAN = Osteoporotic Precise Screening
using Chest radiograph and Artificial neural Network, OR = odds ratio

Summary

An artificial intelligence model using chest radiographs identified
individuals at high risk of osteoporosis, and screening of these patients
with dual-energy x-ray absorptiometry resulted in increased rates of
osteoporosis diagnosis.

Key Results

m In this randomized controlled trial involving 40 658 participants,
4912 were identified by an artificial intelligence model using
chest radiographs as being high risk for osteoporosis and were
assigned (2456 each group) to cither screening group (offered
complimentary dual-energy x-ray absorptiometry [DXA]) or
contol (usual care) group.

m The screening group showed more osteoporosis detection (7 = 272)
than the control group (7 = 27) (odds ratio [OR], 11.2; P <.001),
especially those who did not meet formalized criteria for DXA
compared with those who did (OR, 23.2 vs 8.0; P = .03).

most performed imaging test globally, with more than 2 billion
procedures conducted annually (17). Notably, Al algorithms de-
veloped to assess chest radiographs have achieved an impressive
area under the receiver operating characteristic curve of approxi-
mately 90% for diagnosing osteoporosis (18,19), surpassing
commonly used assessment tools such as the Fracture Risk As-
sessment Tool (FRAX) (20).

Large-scale trials such as the SCreening Of Older women for
the Prevention of fractures study, or SCOOP (21), the Cohort for
Skeletal Health in Bristol and Avon study, or COSHIBA (22),
and the Risk-stratified Osteoporosis Strategy Evaluation study, or
ROSE (23), have used tools akin to the FRAX score (20). De-
mographics and medical history were used to identify a high-risk
group and offered them DXA examinations. However, their out-
comes have shown limited positive predictive values and economic
benefit (24). To our knowledge, no prospective studies have exam-
ined the potential use of Al in opportunistic screening for osteo-
porosis. Opportunistic screening may be particularly promising
for patients who do not meet the International Society for Clinical
Densitometry (ISCD) formalized criteria for bone density testing
with DXA (25). Our purpose was to evaluate the effectiveness of
DXA screening in high-risk patients with osteoporosis identified
by an Al model, version 1.0 (hetps://linchin. ndmctsgh.edu. tw/shiny/
OPSCAN)) using chest radiographs.

Materials and Methods

Study Participants and Design

This study received ethical approval from the institutional review
board at Tri-Service General Hospital (institutional review board
no. A202205179), and all participants provided informed consent
for their data to be analyzed. Reporting adhered to the Consoli-
dated Standards of Reporting Trials extension for randomised con-
trolled trials conducted using cohorts and routinely collected data

(CONSORT-ROUTINE) extension checklist guidelines (26).

The Osteoporotic Precise Screening using Chest Radiogra-
phy and Artificial neural Network (OPSCAN) program was
designed as a randomized controlled trial to evaluate the ef-
fectiveness of DXA screening in high-risk patients with osteo-
porosis identified by an Al using chest radiographs. The details
of trial design are detailed in Appendix S1. The OPSCAN trial
(ClinicalTrials.gov no. NCT05721157) is an open-label ran-
domized controlled trial that took place from January 2023 to
June 2023 at Tri-Service General Hospital, an academic medi-
cal center in Taiwan. The trial consecutively included people
aged 40 years or older who had undergone at least one chest
radiography examination between January 2022 and Decem-
ber 2022. Participants who died in 2022 were excluded as were
participants who had a history of receiving prescription anti-
osteoporotic treatment (excluding vitamin D or calcium), had
undergone DXA examination at some point in their lifetime,
or had osteoporosis or osteoporotic fracture. A previously de-
veloped deep learning model (details below) was then used to
identify participants whose Al-enabled chest radiographs pre-
dicted probabilities of 0.426 or greater in more than 66% of
chest radiographs. These participants were deemed high risk
for osteoporosis and were randomized 1:1 into a screening or
control group by an independent database programmer from
Tri-Service General Hospital. For comparative purposes, par-
ticipants identified as low risk by the Al were also analyzed at
the conclusion of the trial.

Participants randomized to the screening group were con-
tacted and informed that the Al algorithm had identified them
as being at high risk for osteoporosis. Participants were offered
a fully reimbursed DXA examination, simultaneously covering
the lumbar spine and hip, and those willing to participate were
scheduled for the examination. It is important to note that the
intervention in OPSCAN only included notification and exami-
nation costs; subsequent pharmaceutical treatments were deter-
mined through discussions between the participants and their
primary care physicians. For comparitive purposes, the high-risk
control and low-risk groups were not informed of the results of
Al-enabled chest radiography during this trial.

All participants were observed to the end of the study period.
Baseline characteristics and disease history, identified by Interna-
tional Classification of Diseases codes, were extracted from elec-
tronic medical records (Table S1). Records of antiosteoporotic
treatments were also retrieved from electronic medical records.

Deep Learning Model

We trained a convolutional neural network based on DenseNet
(27) architecture before this trial. It takes chest radiographs
as the input. Appendix S2 provides all the details regarding
the training and test of this model. In summary, we obtained
25574 chest radiographs for training and 4878 chest radio-
graphs for validation. An external test set involving 5371 chest
radiographs obtained from another hospital showed an area
under the receiver operating characteristic curve of 0.89. The
training code is publicly accessible on GitHub (heps://github.
com/xup6fup/OPSCAN), and a website (version 1.0) allows
users to upload chest radiographs to repeat this trial (hsps://
linchin.ndmctsgh.edu. tw/app/OPSCANY).
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Figure 1:

Consolidated Standards of Reporting Trials, or CONSORT, flow diagram of patient selection. Of 54911 patients who underwent chest

radiography (CXR) between January and December 2022, 40 658 matched the study criteria, including 4912 parficipants identified as high risk by an

artificial intelligence (Al) using chest radiographs. They were randomized 1:

1 info a screening group, which were offered fully reimbursed dual-energy

x-ray absorptiometry (DXA) examinations between January and June 2023, or a control group, which received usual care, defined as DXA examina-

tion by a physician or patient on their own inifiative without Al intervention. For comparative purposes, parficipants identified as low risk by the Al and

receiving usual care were also analyzed at the conclusion of the trial.

DXA Procedures

The Lunar Prodigy (GE Healthcare) and Lunar iDXA (GE
Healthcare) machines were used to perform proximal femoral
and lumbar spine DXA examinations. Both machines are narrow-
angle fan-beam densitometers. Spine DXA scans were obtained
from the L1 to L4 vertebrae, and femur DXA scans were ob-
tained from bilateral proximal femurs. The spine DXA scans
were collected in the anterior-posterior direction. Femur DXA
scans were obtained in the anterior-posterior direction with
lower extremity internally rotated 15°-30°.

Evaluations
DXA data were analyzed with Encore, version 13.6 (Lunar Prod-
igy) and Encore, version 17.4 (Lunar iDXA) software (details in
Appendix S3). The T score was calculated using the manufac-
turer’s reference values for women aged 20-29 years. For each
participant, the lowest T score of the hip or lumbar spine was
used to categorize osteoporosis. A board-certified radiologist
with 35 years of experience interpreted examination results us-
ing all electronic health records.

FRAX scores were calculated before and after the DXA ex-
amination, comparing alterations in the 10-year risk of major
osteoporotic and hip fractures induced by the testing (details in

Appendix $4).
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Primary and Secondary Outcomes

The primary end point was new-onset osteoporosis, defined by a
T score of less than or equal to -2.5. The secondary end points
were whether participants underwent DXA examinations and
initiation of treatments. It was notable that treatment decisions
are guided by FRAX scores (details in Appendix S4), meaning
individuals with a T score greater than -2.5 may still receive
treatment. Exploratory analyses comparing types, affected re-
gions, and specific treatments were also performed.

Statistical Analysis

The statistical power was estimated by considering a presumed
2% incidence of primary end points over a 6-month period in
the control group (21). Given an anticipated 20% willingness
for DXA screening and a 70% positive predictive value, it was
hypothesized that 14% of the screening group would meet the
primary end point. At a significance level of P = .05, this yielded
a statistical power exceeding 99.9%.

The statistical analysis plan is detailed in Appendix S5. Based
on intention to treat, a simple logistic regression was used to
assess the differences in primary and secondary end points in
the entire sample. For each cascade of events (DXA to diagnosis
to treatment), we calculated the conditional probabilities and
tested them with the §* test. The prespecified confirmatory or
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stratified analysis is based on ISCD indications (25). After cal-
culating the 10-year risk for each patient using the FRAX tool,
we assessed the difference between patients with and patients
without the OPSCAN-offered DXA using Wilcoxon rank sum
test (R package “stats;” version 3.4.4) to determine the signifi-
cance of the disparity. Statistical analyses were performed (C.L.)
using R (version 3.4.4, The R Foundation), and a P < .05 was
considered to indicate a statistically significant differrence. The
analysis code is publicly accessible on GitHub (hetps://github.
com/xupGfup/ OPSCAN).

Results

Participant Characteristics

A total 0f 54911 patients were initially identified, of whom 7145
declined to participate or died during 2022 (Fig 1). Among the
47766 participants who provided informed consent, 1564 par-
ticipants were excluded due to a history of antiosteoporotic drug
use, 4753 underwent prior DXA examination at some point in
their lifetime, and 791 were diagnosed with osteoporosis or os-
teoporotic fracture. Ultimately, 91911 chest radiographs (Ap-
pendix S6) from 40658 participants were assessed by the Al
algorithm and 4912 were identified as indicating high risk of
osteoporosis. These participants were then randomized to the
control group (7 = 2456; mean age, 72.1 years + 11.8 [SD];
1872 female, 584 male) or screening group (7 = 2456; mean
age, 71.8 years + 11.5; 1909 female, 547 male). In the screening
group, 1676 of 2456 (68.2%) participants had only one chest
radiograph, whereas in the control group, 1625 of 2456 (66.2%)
participants had only one chest radiograph (Table 1). Notably,
no evidence of a difference in participant characteristics was ob-
served between the two groups.

Comparison of Al-identified High-Risk and Low-Risk Groups

Our observations indicate that Al-enabled chest radiography
primarily uses skeletal information from the lung field, encom-
passing the thoracic vertebrae and ribs, while excluding regions
overlapping with abdominal soft tissues (Fig 2). Compared with
participants identified by the Al as being at low risk for osteoporo-
sis (7 = 35 746), the high-risk participants (7 = 4912) were older,
included a higher proportion of female participants, had a lower
body mass index, and had a higher prevalence of risk factors for
osteoporosis (Table S7). A total of 665 participants underwent
DXA examination in the study period (Tables S8-S10). For
comparative purposes, the high-risk control group underwent
a higher proportion of physician-arranged DXA examinations
(Fig S8). Compared with participants in the low-risk group
who underwent physician-recommended DXA examinations,
the high-risk control group exhibited a higher positive predic-
tive value for osteoporosis identification (75.0% [27 of 36] vs
15.1% [41 of 271]; P < .001) (Fig 3). In the screening group,
the positive predictive value consistently remained above 75%

(Table S11).

Overall Effectiveness of the OPSCAN Program
Of the 2456 participants in the screening group, 12.8% (315
of 2456) underwent the free DXA examination offered by

Table 1: Baseline Participant Characteristics in the
Screening and Control Group
Screening Control
Variable (n = 2456) (n = 2456) P Value
No. of analyzed 27
chest radiographs

1 1676 (68.2) 1625 (66.2)

2or3 447 (18.2) 466 (19.0)

4or5 112 (4.6) 138 (5.6)

>5 221 (9.0) 227 (9.2)

Proportion of .63
positive chest

radiographs

66%—-79% 179 (7.3) 188 (7.7)

>80% 2277 (92.7) 2268 (92.3) ...

Sex 21

Male 547 (22.3) 584 (23.8)

Female 1909 (77.7) 1872 (76.2) ...
Age () 71.8+11.5 72.1+11.8 .52
Age group (y) 592

<65 676 (27.5) 678 (27.6)

65-74 851 (34.6) 838 (34.1)

>75 929 (37.8) 940 (38.3) ...
BMI 23.1+3.9 23.0 +3.7 .68
BMI group 77

<18.5 246 (10.0) 238 (9.7)

18.5-23.9 1310 (53.3) 1335 (54.4)

>24.0 900 (36.6) 883 (36.0) .
History of fracture 261 (10.6) 287 (11.7) 22

Hip 74 (3.0) 72 (2.9) 87

Wrist 82 (3.3) 84 (3.4) .88

Vertebra 44 (1.8) 56 (2.3) 23

Shoulder 34 (1.4) 47 (1.9) 15

Lower leg 60 (2.4) 58 (2.4) .85
History of secondary 118 (4.8) 118 (4.8) >.99

0steoporosis
Hyperparathyroidism 28 (1.1) 26 (1.1) 78
Hyperthyroidism 90 (3.7) 89 (3.6) .94
Multiple myeloma 6(0.2) 11 (0.4) 22
Cushing disease 4(0.2) 3(0.1) >.99
Celiac disease 1 (0.0) 1 (0.0) >.99
History of 65 (2.6) 68 (2.8) .79

rheumatoid

arthritis
History of long- 268 (10.9) 274 (11.2) .79

term use of

glucocorticoids
Note.—Categorical data are reported as numbers of participants
with percentages in parentheses, and continuous data are reported
as means = SDs. The Student 7 test or the ¥ test is used to assess
difference in means and percentages, respectively. The P value was
two sided, with no adjustment for multiple comparisons. BMI =
body mass index, DXA = dual-energy x-ray absorptiometry.

OPSCAN, and an additional 1.8% (43 of 2456) underwent
DXA examinations through their primary care physicians
(Fig 4). The remaining 85.4% (2098 of 2456) had no DXA re-
cord despite being informed of their high-risk status. Of those
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who underwent the free DXA examination, 237 of 315 indi-
viduals were diagnosed with osteoporosis (positive predictive
value, 75.2%). Subsequently, 31.6% (75 of 237) of the diag-

nosed individuals chose to pursue antiosteoporotic treatment

after consultations with their physicians.
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Figure 2: Images demonstrate how arfificial intelligence (Al) using
chest radiographs makes decisions. Left: Original chest radiographs
in posterior-anterior view. Right: Class activafion maps generated by
overlays (colored probability maps) onto the original image. Orange,
red, purple, and blue in order indicate higher probabilities, with regions
where Al-enabled chest radiography predicfions fall below 0.426 left
uncolored. Observations indicate that Al-enabled chest radiography
primarily uses skeletal information from the lung field, encompassing the
thoracic vertebrae and ribs, while excluding regions overlapping with
abdominal soft fissues. This phenomenon may be atiributed fo the rela-
tively limited presence of soft tissues within the lung field, which provides
Al-enabled chest radiography with a clearer perspective for assessing
bone density. (A, B) Images with true-positive findings. Digital radio-
graphs in (A) a 79-year-old woman with dementia and hypertension
and a T score of =3.4 and (B) an 87-year-old woman with osteoarthri-
tis of the knee and a T score of =2.7. The Al-enabled chest radiography
mainly focused on the vertebrae and ribs around patient’s heart and
lung field. (€, D) Images with false-positive findings. (€) Computed
radiograph in a 94-year-old man with chronic obstructive pulmonary
disease with pneumonia and a T score of =2.3. (D) Digital radio-
graph in an 84-year-old man with colon cancer stage 3B affer sur-
gery and chemotherapy with recurrence and multiple metastasis and a
T score of =0.6. Some lung parenchymal disease or lesion was no-
ticed, such as pneumonia and fibrosis, which may have interfered
with Al-enabled chest radiography interpretation of osteoporosis.
We assumed that these lesions may hinder Al-enabled chest
radiography analysis of bony skeleton while comparing with lung
parenchyma radiolucency. Pneumonia, pulmonary edema, and fibro-
sis will lead to airspace opacification and increase radiolucency of
lung parenchyma. Therefore, they reduce the radiolucency difference
between bony structures and lung parenchyma, leading to an overdi-
agnosis of osteoporosis.

Diagnosis of Osteoporosis in Screening versus
Control Group

Regarding the primary end point, 11.1% (272
of 2456) of participants in the screening group
were newly diagnosed with osteoporosis com-
pared with 1.1% (27 of 2456) in the control
group, with participants in the screening group
showing higher odds of diagnosis of new-onset
osteoporosis than the control group (OR, 11.2
[95% CI: 7.5, 16.7]; P < .001) (Fig 5). There
was no evidence of a difference between screen-
ing (43 of 2456, 1.8%) and control (36 of 2456,
1.5%) groups for DXA examinations arranged
by primary care physicians (OR, 1.2 [95% CI:
0.8, 1.9]; P = .43). By facilitating the free DXA
examinations provided through the OPSCAN
program, the screening group had higher odds
of DXA use than did the control group (OR,
11.5 [95% CI: 8.1, 16.2]; P < .001). Addition-
ally, a greater proportion of individuals in the
screening group initiated antiosteoporotic treatment (OR,
5.3 [95% CI: 3.2, 8.8]; P < .001) than in the control group.
Regarding antiosteoporotic treatment, the most notable
increase was in denosumab usage (OR, 6.9 [95% CI: 3.7,
13.0]; P < .001).
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Figure 3: Graphs show effectiveness of dual-energy x-ray absorptiometry (DXA) for osteoporosis diagnosis and freatment in artificial infel-

ligence (Al)-enabled chest radiographs (AI-CXR) in identifying high- and low-risk groups. Stacked bar plots display the proportion and percentage

of events by each condition except for those with a percentage of less than 5%. In this analysis, the high-risk group only included participants in the

control group since they also received the usual care like participants in the low-risk group. Of 35746 participants in the low-risk group, 0.8% (271

individuals) underwent DXA arranged by primary care physicians. Within this group, 41 of 271 individuals (15.1%) were diagnosed with osteoporosis
(T score < =2.5), while the remaining 103 (38.0%) were classified as having osteopenia (2.5 < T score < =1.0). Of 2456 participants in the
control group (high risk), 1.5% (36 individuals) underwent DXA arranged by primary care physicians. In the control group, 27 (75.0%) participants
who underwent DXA were diagnosed with osteoporosis, which was significantly higher than in the low-risk group (P <.001) as assessed with the

¥ test. In all participants diagnosed with osteoporosis, the medication rates in both groups were similar (18 of 41 [43.9%] vs 12 of 27 [44.4%)];

P> 99). It is important to note that while a T score of less than or equal to =2.5 is a key determinant for inifiating antiosteoporotic treatment, there

are sfill some individuals with a T score greater than =2.5 who receive treatment (six of 42 in high- and low-risk groups), which is not reflected in

this figure. OPSCAN = Osteoporotic Precise Screening using Chest Radiography and Arfificial neural Network.

Effectiveness of the OPSCAN Program in Subgroups

of Participants

While a higher proportion of individuals not meeting ISCD
indication agreed to undergo DXA examination through the
OPSCAN program compared with those who did (20.1% vs
9.6%; P < .001), no evidence of a difference was observed in
positive predictive values for osteoporosis (70.2% vs 79.9%;
P = .06) or antiosteoporotic treatment (25.5% vs 36.6%;
P =.09) between these subgroups (Table 2). Table S12 shows
the results of physician-driven DXA examination in the con-
trol group. Table S14 displays the results stratified by radiologic
parameters, with the interpretation of the data provided in

Appendix S7.

Stratified Analysis according to ISCD Indication

In the subgroup of participants not meeting ISCD indication
for DXA based on sex and age, the screening group showed in-
creased odds for undergoing DXA examination (OR, 18.9
[95% CI: 10.2, 35.1]; P < .001) and increased odds of new-
onset osteoporosis detection (OR, 23.2 [95% CI: 10.2, 53.1]; P
< .001) compared with the control group (Fig 6A). These ORs
were higher than those achieved by the screening group in the
subgroup of participants who did meet ISCD indication (DXA
examination OR, 8.6 [95% CI: 5.7, 13.2]; P < .001; interactive
P = .04; new-onset osteoporosis OR, 8.0 [95% CI: 5.0, 12.6];
P < .001; interactive, P = .03). No other factors were found to in-

fluence the effectiveness of the OPSCAN program (Appendix S7).
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Figure 4: Effectiveness of the screening program for osteoporosis diagnosis
and treatment. Stacked bar plots display the proporfion and percentage of events
by each condition, except for those with a percentage of less than 5%. Of 2456
participants in the screening group, 12.8% (315 individuals) used the fully reim-
bursed dual-energy x-ray absorptiometry (DXA) examination offered by Osteo-
porotic Precise Screening using Chest Radiography and Artificial neural Network
(OPSCAN), and the remaining 85.4% (2098 individuals) had no DXA records
despite being informed of their high-risk status. There were 43 (1.8%) parficipants
who underwent DXA arranged by primary care physicians in the screening group.
While DXA arranged by participants' primary care physicians may potentially iden-
tify some participants with osteoporosis (T score < =2.5), our analysis focused solely
on those who underwent the free DXA examination to demonstrate OPSCAN's ef-
fectiveness. Within this group, 237 of 315 individuals (75.2%) were diagnosed with
osteoporosis, while the remaining 75 (23.8%) were classified as having osteopenia
(=2.5 < T score < =1.0). Of all DXA examinations paid for by this tricl, three of 315
(1.0%) participants had normal T scores (> =1.0). Of 237 patients with osteoporo-
sis, 31.6% (75 individuals) chose to pursue antiosteoporotic treatment after consulta-
tions with their physicians. It is important fo note that while a T score of less than or
equal fo =2.5 is a key for initiating antiosteoporotic treatments, there are sfill some
individuals with a T score greater than —=2.5 who receive treatment (n = 17), which
is not reflected in this figure.

Osteoporotic and Hip Fracture Risk in the

Screening Group before and after DXA Examination

Prior to the DXA examination, participants in the screening group
who did not meet ISCD indication showed lower risk of osteopo-
rosis and hip fracture than the subgroup of participants who did
meet ISCD indication (Tables S15, S16). However, after undergo-
ing DXA, the subgroup not meeting ISCD indication showed an
average risk ratio of 2.10 (+ 1.14) and 7.04 (+ 9.36) for 10-year
major osteoporotic risk and hip fracture risk, respectively, which
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were higher than the increase observed in the subgroup meeting
ISCD indication (10-year major osteoporotic risk ratio, 1.38 +
0.55; 10-year hip fracture risk ratio, 1.85 + 1.63; P < .001 for
all) (Fig 6B). Furthermore, participants older than 75 years of age
showed no evidence of a difference in hip fracture risk before ver-
sus after DXA examination (Appendix S8).

Discussion

Dual-energy x-ray absorptiometry (DXA) screening for high-risk
population of osteoporosis is important (5). We applied artificial
intelligence (Al) to chest radiographs to identify high-risk indi-
viduals of osteoporosis, and the Osteoporotic Precise Screening
using Chest Radiography and Artificial neural Network program
offered fully reimbursed DXA examinations. A total of 315 of
2456 (12.8%) participants identified by Al as being high risk for
osteoporosis and randomized to the screening group underwent
fully reimbursed DXA, of whom 237 of 315 (75.2%) were diag-
nosed with new-onset osteoporosis. Higher odds of osteoporosis
detection (odds ratio [OR], 11.2 [95% CI: 7.5, 16.7]; P < .001)
and treatment initiation (OR, 5.3 [95% CI: 3.2, 8.8]; P < .001)
were observed in the screening versus control group. The OR
of osteoporosis diagnosis was increased in screening group par-
ticipants who did not meet the International Society for Clini-
cal Densitometry’s formalized criteria for DXA compared with
those who did (OR, 23.2 vs 8.0; interactive P = .03).

The OPSCAN trial achieved a positive predictive value of
75.2%, surpassing SCreening Of Older women for the Preven-
tion of fractures study (SCOOP) trial of 31.9% (21), Cohort for
Skeletal Health in Bristol and Avon study (COSHIBA) trial of
25.8% (22), and Risk-stratified Osteoporosis Strategy Evalua-
tion study (ROSE) trail of 24.7% (23). Due to the poor positive
predictive value, the differences in antiosteoporotic treatment
between the screening group and control group were only 1.4-
fold in SCOOP trial (21), 2.2-fold in COSHIBA trial (22), and
1.3-fold in ROSE trial (23). In contrast, 5.3-fold (95% CI: 3.2,
8.8; P < .001) of antiosteoporotic treatment was observed in the
OPSCAN trial, suggesting that Al-enabled chest radiography—
based DXA screening strategy may have the potential for reduc-
ing fractures in the future.

The rate of 14.6% of high-risk participants undergoing DXA
examinations (12.8% OPSCAN reimbursed and 1.8% physi-
cian driven) in our study is lower than in previous trials (21-23).
We observed that participants were skeptical about the ability
of Al to detect osteoporosis on chest radiographs during par-
ticipant notification, a phenomenon previously called medical
Al aversion (28). Higher health literacy correlates with Al ac-
ceptance (29), whereas factors such as older age, male sex, and
lower socioeconomic status are linked to reduced health literacy
(30). Age significantly influenced acceptance of DXA examina-
tion in our study (19.7% for < 65 years, 13.4% for 65-74 years,
and 7.3% for > 75 years; P < .001). There is an imperative for
broader promotion and education to maximize the benefits of
osteoporosis screening with Al-enabled chest radiography.

In the absence of traditional risk factors, the ISCD indica-
tions for DXA testing only encompass women over 65 and men
over 70 years of age (25). However, after Al-enabled chest radi-
ography stratification, high-risk participants who did not meet
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Examination
All DXA examination
DXA examination by OPSCAN
DXA examination by physicians
DXA examination for L-spine
DXA examination for hip
Result
New-onset osteoporosis (primary endpoints)
New-onset osteoporosis for L-spine
New-onset osteoporosis for hip
Medication
All anti-osteoporotic medications
Denosumab
Romosozumab
Bisphosponate
Parathyroid hormone

Selective estrogen-receptor modulator

Screening

event/n (%)

358/2456 (14.6%)
315/2456 (12.8%)
43/2456 (1.8%)
34712456 (14.1%)

321/2456 (13.1%)

272/2456 (11.1%)
264/2456 (10.7%)

241/2456 (9.8%)

9212456 (3.7%)
7412456 (3.0%)
1212456 (0.5%)
8/2456 (0.3%)
1/2456 (0.0%)

1/2456 (0.0%)

Control
: OR (95% CI) P value
event/n (%)
36/2456 (1.5%) ] 11.5 (8.1, 16.2) P <.001
0/2456 (0.0%) |—¢ Inf (0.0, Inf) P > .99
36/2456 (1.5%) I-I-I 1.2 (0.8, 1.9) P =.43
25/2456 (1.0%) = 16.0 (10.6, 24.1) P <.001
10/2456 (0.4%) (mal 36.8 (19.5, 69.2) P < .001
27/2456 (1.1%) e 11.2 (7.5, 16.7) P <.001
1712456 (0.7%) 3 17.3(10.5, 28.3) P <.001
1012456 (0.4%) = 26.6 (14.1, 50.2) P <.001
1812456 (0.7%) T 5.3 (3.2, 8.8) P <.001
11/2456 (0.4%) a 6.9 (3.7, 13.0) P < .001
412456 (0.2%) H—| 3.0(0.97,9.3) P =.06
3/2456 (0.1%) I—I—| 2.7(0.7,10.1) =.15
1/2456 (0.0%) I—-—| 1.00 (0.1, 16.0) P >.99
1/2456 (0.0%) I—-—| 1.00 (0.1, 16.0) P >.99
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Figure 5: The intenfion-fo-treat analysis for number of examinations and osteoporosis diagnosis and freatment. Forest plot shows the differences between the screening
group and the control group with prespecified primary and secondary end points. Odds ratios (ORs), calculated using logistic regression, are represented by center squares,

while 95% Cls are indicated by error bars, illustrating the benefits of the OPSCAN program. For dual-energy x-ray absorptiometry (DXA) examinations, stratification is based

on the source (Osteoporotic Precise Screening using Chest Radiography and Arfificial neural Network [OPSCAN] or physician) and site (lumbar spine or hip). Stratification
for new-onset osteoporosis is based on the DXA examination site (lumbar spine or hip), while for antiosteoporotic medication, further strafification is performed based on the
type. The screening group exhibited higher rafes of DXA examinations (358 of 2456 [14.6%] vs 36 of 2456 [1.6%]; OR, 11.5 [95% CI: 8.1, 16.2]; P<.001) compared
with the controls, leading to increased rates of osteoporosis defection (272 of 2456 [11.1%] vs 27 of 2456 [1.1%]; OR, 11.2 [95% CI: 7.5, 16.7]; P<.001) and treatment
inifiation (92 of 2456 [3.7%] vs 18 of 2456 [0.7%]; OR, 5.3 [95% ClI: 3.2, 8.8]; P<.001). It is worth nofing that out of the 92 patients in screening and 18 patients in the

control group receiving anfiosteoporotic freatments, only 75 and 12 patients, respectively, had a T score of less than or equal fo =2.5, while the remaining 17 and six patients,

respectively, had a T score greater than =2.5.

ISCD indications still had 70.2% confirmed as having osteo-
porosis through DXA testing in our study. The OPSCAN pro-
gram marked a 23.2-fold (95% CI: 10.2, 53.1; P < .001) surge
in new diagnoses in participants in the screening versus control
group who did not meet the ISCD criteria, underscoring limita-
tions of these criteria. Crucially, our data show that 10-year ma-
jor osteoporotic risk (risk ratio, 2.10 + 1.14; P < .001) and hip
fracture risk (risk ratio, 7.04 + 9.36; P < .001), which is a basis
for determining antiosteoporotic treatment (31), were increased
after DXA examination for participants who did not meet ISCD
indications. The Al-enabled chest radiography can opportunisti-
cally pinpoint individuals who would most benefit from DXA,
facilitating more precise medication adjustments.

This study had limitations. First, the study was conducted in
a single center and thus results may not be generalizable in dif-
ferent settings. Second, we relied on electronic medical records,
which might have incomplete documentation. Third, blinding
for participants in the control group was unfeasible, potentially
leading to them seeking treatment more proactively. Fourth, when

participants in the OPSCAN program were informed of their Al-
determined osteoporosis risk they were offered a fully reimbursed
DXA examination, which may have influenced their decision to
undergo DXA. Hence, our conclusions are most relevant in a
situation when DXA is fully subsidized. Fifth, only a small pro-
portion of participants underwent DXA testing (14.6%), which
diminishes the utility of the OPSCAN program. Sixth, the lack of
fully reimbursed DXA examinations for the low-risk group may
have resulted in a higher proportion of individuals in this group
undergoing physician-driven DXA testing for osteoporosis com-
pared with the population prevalence. Nonetheless, Al-enabled
chest radiography still shows effectiveness of risk stratification for
osteoporosis. Lastly, the study primarily assessed the OPSCAN
program's efficacy in risk identification and treatment initiation,
without evaluating long-term outcomes or fracture prevention.
Future research should include more diverse data sets and longer
follow-ups to fully ascertain the program's benefits.

In conclusion, this randomized controlled trial high-
lights the potential of dual-energy x-ray absorptiometry
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Table 2: Effectiveness of the OPSCAN Program for Examinations and Osteoporosis Diagnosis and Treatment Stratified
according to Various Participant Characteristics in the Screening Group

DXA through
Variable OPSCAN* P Value Osteoporosis’ P Value Medical Treatment* P Value
Stratification by <.001 .06 .09
ISCD indication
Men aged <70 y or 151/751 (20.1) 106/151 (70.2) 27/106 (25.5)
women aged <65 y
Men aged 270 y or 164/1705 (9.6) 131/164 (79.9) 48/131 (36.6)
women aged =65 y
No. of analyzed chest .02 .14 12
radiographs
1 230/1676 (13.7) 166/230 (72.2) 52/166 (31.3)
2o0r3 561447 (12.5) 45/56 (80.4) 10/45 (22.2)
4or5 15/112 (13.4) 14/15 (93.3) 7114 (50.0)
>5 14/221 (6.3) 12/14 (85.7) 6/12 (50.0)
Proportion of positive .03 .26 .65
chest radiographs
66%-79% 13/179 (7.3) 12/13 (92.3) 5/12 (41.7)
>80% 302/2277 (13.3) 225/302 (74.5) 70/225 (31.1)
Sex .33 .34 .84
Male 63/547 (11.5) 44/63 (69.8) 15/44 (34.1)
Female 252/1909 (13.2) 193/252 (76.6) 60/193 (31.1)
Age group (y) <.001 .18 13
<65 133/676 (19.7) 94/133 (70.7) 23/94 (24.5)
65-74 114/851 (13.4) 87/114 (76.3) 30/87 (34.5)
275 68/929 (7.3) 56/68 (82.4) 22/56 (39.3)
BMI group .10 .38 .88
<18.5 21/246 (8.5) 18/21 (85.7) 5/18 (27.8)
18.5-23.9 176/1310 (13.4) 134/176 (76.1) 44/134 (32.8)
>24.0 118/900 (13.1) 85/118 (72.0) 26/85 (30.6)
History of all fractures .70 .16 .67
No 284/2195 (12.9) 210/284 (73.9) 65/210 (31.0)
Yes 31/261 (11.9) 27131 (87.1) 10/27 (37.0)
History of all secondary 34 51 42
0Steoporosis
No 296/2338 (12.7) 221/296 (74.7) 68/221 (30.8)
Yes 19/118 (16.1) 16/19 (84.2) 7116 (43.8)
History of rheumatoid 42 .58 >.99
arthritis
No 304/2391 (12.7) 230/304 (75.7) 73/230 (31.7)
Yes 11/65 (16.9) 7/11 (63.6) 2/7 (28.6)
History of usage of .050 17 .35
glucocorticoids
No 270/2188 (12.3) 199/270 (73.7) 60/199 (30.2)
Yes 45/268 (16.8) 38/45 (84.4) 15/38 (39.5)

Note.—Data in parentheses are percentages. In this analysis, we only included osteoporosis events validated by dual-energy x-ray
absorptiometry (DXA) examinations paid for by this trial. P values comparing x and x were calculated using %’ test. BMI = body mass
index, ISCD = International Society for Clinical Densitometry, OPSCAN = Osteoporotic Precise Screening using Chest Radiography and
Artificial neural Network.

* Number of participants who underwent DXA examination paid for by this trial/number of participants identified as high risk by Al-
enabled chest radiography.

" Number of patients with osteoporosis/number of participants who underwent DXA examination paid for by this trial.

# Number of patients who started antiosteoporotic treatment/number of patients with osteoporosis.

screening for patients with incidental osteoporosis identified
by an opportunistic artificial intelligence (Al)-enabled chest

radiography analysis, which facilitates appropriate diagnos-
tic and treatment interventions. Notably, the Osteoporotic
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Screening Control . .
OR (95% CI) Pvalue P for interaction

event/n (%) event/n (%)
All DXA examination P=.04
Men aged < 70 y/o or women aged <65 y/o 163/757 (21.7%) 11761 (1.4%) | =4 189(102,351) P <.001
Men aged = 70 y/o or women aged =65 y/o 195/1705 (11.4%) 25/1695 (1.5%) L3 8.6 (5.7, 13.2) P <.001
New-onset osteoporosis (primary endpoints) P =.03
Men aged < 70 y/o or women aged < 65 ylo 1171751 (15.6%)  6/761 (0.8%) F=— 232(10.2,531) P <.001
Men aged = 70 y/o or women aged =65 y/o 155/1705 (9.1%) 21/1695 (1.2%) ! 8.0 (5.0, 12.6) P <.001
New-onset usage of anti-osteoporotic medications P =.08
Men aged < 70 y/o or women aged < 65 y/o 30/751 (4.0%) 21761 (0.3%) —=— 15.8 (3.8, 66.3) P <.00
Men aged =70 yfo or women aged 2 65 y/o 62/1705 (3.6%) 1611695 (0.9%) @ Hm 4.0(2.3,6.9) P <.001
H+—++H
D00 @@%@@Q
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FRAX score (Major osteoporotic risk) FRAX score (Hip fracture risk)
1004  Average of RR: R P < .001 5041 Average of RR: . P <.001 )
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Figure 6: The predefined analysis in which participants were sfratified according to the Infernational Society for Clinical Densitometry’s {ISCD) age and sex indications
for bone mineral density testing with dual-energy x-ray absorptiometry [DXA). The ISCD recommends DXA for male patients aged 70 years and older or female patients aged
65 years and older. (A) Forest plot shows the differences between the screening group and the control group in all DXA examinations, new-onset osteoporosis, and freatment
inifiation. Odds rafios (ORs), calculated using logistic regression, are represented by center squares, while 95% Cls are indicated by error bars, illustrating the benefits of the
Osteoporotic Precise Screening using Chest Radiography and Artificial neural Network (OPSCAN) program. The interaction between the screening program and ISCD
indication was assessed using a logistic regression with two main effects and their inferaction term, testing for differences in the interaction term. The P for inferacfion was two
sided, with no adjustment for multiple comparisons. The ORs of osteoporosis diagnosis were increased in screening versus control group participants who did not meet ISCD
indication compared with those who did (OR, 23.2 [95% Cl: 10.2, 53.1] vs 8.0 [95% CI: 5.0, 12.6]; interactive P=".03). (B) Scatterplots show the change in Fracture Risk
Assessment Tool [FRAX) score in parficipants who underwent DXA by OPSCAN (n = 315). The FRAX score serves as a standard for antiosteoporotic freatment and can be
calculated even in the absence of DXA data. The key to whether additional DXA promotes treatment initiation lies in the increase of the FRAX score after DXA examination. The
risk ratio (RR) was calculated as the risk after DXA divided by the risk before DXA; the dashed gray lines represent the corresponding RR. An RR equal to or less than 1 indicates
that the FRAX score does not change or decreases after additional DXA examination, suggesting that additional DXA may not promote freatment initiation for that participant.
The Wilcoxon rank sum test was used fo test the differences between stratifications. Individuals who did not meet the ISCD indication had higher RR for major osteoporotic
risk (2.10 1.14 [SD] vs 1.38 + 0.55; P<.001) and hip fracture risk (7.04 £ 9.36 vs 1.85 + 1.63; P<.001) compared with those who did. This suggests that they are more

likely to have treatment inifiation promoted with additional DXA examinations.

Precise Screening using Chest Radiography and Artificial ~ radiography risk stratification could complement existing risk
neural Network program appears particularly beneficial for  factors. This study offers a pathway to mitigate osteoporosis
those not meeting the International Society for Clinical ~ underdiagnosis, lessen the impact of osteoporotic fractures,

Densitometry indications, suggesting that Al-enabled chest and enhance patient outcomes.
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