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Abstract

Objectives: The objectives were to determine the prevalence of bone
fragility 3 years (+6 months) after bariatric surgery via DXA and computed
tomography (CT) in patients with obesity; to identify the risk factors for
the bone fragility development (bone mineral density [BMD] <-2SD or
a scanographic bone attenuation coefficient of the first lumbar vertebra
(SBAC-L1) <145 Hounsfield units (HU)) and to compare the results
obtained via CT and DXA.

Methods: This descriptive study included patients with obesity who
underwent bariatric surgery and DXA and CT before and 3 years
(£6 months) after bariatric surgery.

Results: Among the 44 included patients, 84.1% were women, with a mean
age of 53.9 years (£10.7). After 3 years, there was a greater prevalence of
osteoporosis (p=0.002), the postsurgery T-scores were significantly lower
(p<0.001) than those at baseline. The SBAC-L1 was significantly lower
after surgery than before surgery (p=0.008). According to multivariate
analysis, no risk factor was significantly associated with the development
of bone fragility at 3 years. The correlation between CT and DXA results
was positive and moderate to strong (0.53 to 0.63).

Conclusion: There was a significantly greater prevalence of osteoporosis
and a lower SBAC-L1 3 years after bariatric surgery than before.

Keywords: Obesity; Bariatric surgery; Bone mineral density (BMD);
DXA; Computed tomography (CT); Osteoporosis.

Introduction

Obesity has become a global public health priority due to its increasing
prevalence and risk of comorbid conditions, including diabetes, cardiovascular
disease and several types of cancers. In addition, it affects quality of life and life
expectancy [1]. Bariatric surgery has become the most successful treatment
for patients who have failed to experience supervised medical weight loss [2].
In patients with morbid obesity (body mass index [BMI] >40) or BMI > 35 kg/
m? and comorbidities (diabetes, hypertension, osteoarthritis, obstructive sleep
apnea), bariatric surgery is presently considered to be an effective therapy [3].
Despite multiple clinical benefits, a number of surgical and gastrointestinal
complications can occur following bariatric procedures [4]. Among the
complications, nutritional deficiencies, a consequence of reduced intake
and/or malabsorption of nutrients and metabolic bone disease that leads to
osteoporosis and osteoporotic fracture, warrant careful consideration [5]. The
pathophysiology of bone disease in patients with obesity is multifactorial,
ranging from inadequate nutrition due to chronic dieting practices to a lack of
physical activity and increased sequestration of vitamin D within adipocytes.

Affiliation:

"Department of Rheumatology, University Hospital,
Nancy, France

“Department of Rheumatology, Saint Charles
Hospital, Toul, France

3CHRU-Nancy, University Center of Sports
Medicine and Adapted Physical Activity, F-54000,
Nancy, France

“Université de Lorraine, DevAH, F-54000 Nancy,
France

Inserm UMRS 1256 N-GERE (Nutrition-Genetics-
Environmental Risks) - University de Lorraine,
Faculty of Medicine, Nancy, France

“Department of Gastrointestinal, Visceral,
Metabolic, and Cancer Surgery (CVMC), University
Hospital, Nancy, France

"University of Lorraine, CNRS, IECL, F-54000
Nancy, France

SDRCI, MPI Department, Methodology Unit, Data
Management and Statistics UMDS, University
Hospital Nancy, Nancy, France

IMoPA. UMR 7365 CNRS —University of Lorraine

"Department of Endocrinology Diabetology and
Nutrition, University Hospital, Nancy, France

*Corresponding author:

Marine Fauny, Department of Rheumatology,
University Hospital Nancy, 5 rue du Morvan 54500
VANDOEUVRE les Nancy, France.

Citation: Marine Fauny, Marion Halin, Edem
Allado, Laurent Brunaud, Claire Nomine-Criqui,
Eliane Albuisson, Isabelle Chary-Valckenaere,
Didier Quilliot, Damien Loeuille. CT and DXA
Bone Fragility Evaluation after Bariatric Surgery.
Fortune Journal of Rheumatology. 7 (2025): 32-40.

Received: August 22, 2025
Accepted: August 28, 2025
Published: September 05, 2025




Fauny M, et al., Fortune J Rheumatol 2025
Journals DOI:10.26502/fjr.26880049

Bariatric surgery and the associated major weight loss can
impact bone metabolism and induce significant changes,
such as decreased mechanical loading, calcium/vitamin
D malabsorption with secondary hyperparathyroidism,
nutritional deprivation, changes in fat mass and alterations
in fat-, bone- and gut-derived hormones, and can lead to
increased bone resorption with a pronounced reduction in the
degree of bone mineralization [4-9 ]. Bariatric surgery is also
associated with an increased risk of fractures [10, 11]. An
assessment of fracture risk is recommended before the first
bariatric surgery procedure (for RYGB and biliopancreatic
diversion and in patients at high risk of fracture, regardless
of age, and in all menopausal women and all men > 50 years
old, regardless of the type of bariatric surgical procedure)
[12]. Anti-osteoporosis treatment is indicated for menopausal
women and men > 50 years old with no history of fracture
and a T-score < -2 [12]. The objective of this study was to
determine the prevalence of bone fragility 3 years (+6 months)
after bariatric surgery via dual X-ray absorptiometry (DXA)
and computed tomography (CT) in patients with obesity.
The secondary objectives were to identify the risk factors
for the development of bone fragility (bone mineral density
[BMD] <-2 SD at any site or a scanographic bone attenuation
coefficient of the first lumbar vertebra (SBAC-L1) <145
Hounsfield units (HU)) and to compare the results derived
from computed tomography (CT) to those derived from dual
X-ray absorptiometry (DXA).

Materials and Methods
Population

This descriptive study included patients with obesity who
underwent bariatric surgery at our specialized obesity center
between January 2014 and December 2019 [13]. Patients
who underwent DXA and CT, performed at the same center
during routine follow-up, before and at 3 years (+6 months)
after bariatric surgery were included. The exclusion criteria
were surgery for gastric banding and ring ablation [13].
Demographic and anthropometric data (age, sex, smoking
and alcohol consumption habits, body height and weight to
calculate BMI), vitamin D status (vitamin D deficiency was
defined as a level less than 30 ng/mL), and comorbidities
(diabetes and cardiovascular risk factors) were collected from
complete medical records [13].

DXA evaluation

Patients were included if they underwent preoperative
DXA and one postoperative DXA 3 years (=6 months) after
bariatric surgery. The preoperative DXA closest to the date of
surgery was retained. All DXA measurements were performed
on a Lunar Prodigy densitometer (Advance PA +301010,
Encore, version 14.10.022; Madison, WI, 53718, USA).
BMD and T-score at the lumbar spine, femoral neck and total
hip; data on lean and fat mass and their distributions were
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assessed for each patient [13]. A diagnosis of osteoporosis
was defined as a T-score <— 2.5 SD at any measured location.
Osteopenia was defined as -2.5 SD < T-score <-1 SD [14].

CT evaluation

Patients were included if they underwent preoperative CT
and one postoperative CT 3 years (=6 months) after bariatric
surgery. CT was retained if it included the first lumbar vertebra
(L1). The preoperative CT closest to the date of surgery
was retained. The CT images were analyzed on a Synapse
Mobility Web, V.6.0, 2016, FUJIFILM Medical Systems
U.S.A., Inc. We also collected the technical CT details. On
axial sections in the bone window, the scanographic bone
attenuation coefficient of L1 (SBAC-L1) was measured in
Hounsfield units (HU) (Figure 1), blinded to the clinical data,
in trabecular bone thanks to a region of interest (ROI). The
intra- and interreader reliability of the SBAC-LI1measure
was previously evaluated (kappa > 0.9) [15]. In the case of
fracture or discovertebral damage of L1 with osteosclerosis of
the vertebral endplate, SBAC was measured on the adjacent
vertebrae using CT data acquired similarly from T12 to L5
[16]. A threshold of 145 HU was used [16].

Figure 1: SBAC-L1 measure on CT. A: Spinal sagittal section on
CT. B: SBAC L1 measure on L1 axial section in bone window.

Ethics approval

All of the data used were obtained from medical records,
collected during routine follow-up. This study is registered
with the Information Technology and Freedoms Commission
for our University Hospital and on Clinicaltrials.gov (file
number: 2019P1216) and was designed in accordance with
the general ethical principles outlined in the Declaration of
Helsinki. The protocol of this study was approved by the
Information Technology and Freedoms Commission for our
University Hospital. All patients provided their consent for
the use of their medical data from the time they received
medical care at the University Hospital.
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Statistical analysis

Both descriptive and comparative analyses were
conducted by accounting for the nature and distribution of the
variables. Qualitative variables are described as frequencies
and percentages; quantitative variables are reported as
the mean and standard deviation (SD) or as the median
and interquartile range (IQR). The Kolmogorov—Smirnov
test showed that among the continuous demographic and
clinical variables, only age, height, and weight followed a
normal distribution. Comparative analyses were conducted
in accordance with the nature of the variable and its
distribution. The test is specified in the legend of each table.
Logistic regression was performed to identify the variables
significantly associated with the appearance of a DXA < -2
SD for at least one measurement site at 3 years (Table 5) or
an SBAC-L1 < 145 HU on CT at 3 years. Significant results
(from univariate and multivariate analyses) are presented as
odds ratios (ORs) and 95% confidence intervals (Cls). All the
analyses were adjusted based on the duration between the two
DXA or CT exams. To study the correlation between CT and
DXA results, the Pearson coefficients were calculated. The
significance level was set at 0.05 for all statistical analyses.
IBM SPSS Statistics v23 was used for the data analysis.

Results
Population

The characteristics of the 44 patients, who underwent
DXA and CT before and at 3 years (6 months) after bariatric
surgery, are described in Table 1. The mean age was 53.9
(10.7) years, and the majority of the patients were women
(84.1%). The mean BMI before the surgery was 46.9 (£8.8).
Eight patients (18.2%) underwent sleeve gastrectomy, and 36
(81.8%) underwent gastric bypass (GBP). On DXA, before
surgery, 5 patients (11.4%) had osteopenia for at least one
measurement site, and one (2.3%) had osteoporosis for
at least one measurement site. Two patients (4.5%) had a
T-score < -2 SD at baseline. On CT, the mean SBAC-L1 was
183.2 (+60.1) HU, and 11 patients (4.8%) had an SBAC-L1
under the fracture threshold of 145 HU.

Comparison of the included patients’ characteristics
before and 3 years after bariatric surgery (Table 2)

At 3 years after bariatric surgery, patients had significant
decreases in weight and BMI (p<0.001), lean mass and fat
mass, the android/gynoid fat-mass ratio, and visceral adipose
tissue (VAT) (p<0.001 for each variable). Regarding DXA
results, there was a significant increase in the prevalence of
osteoporosis for at least one measurement site: 2.3% before
surgery and 9.1% after surgery (p=0.002). BMD and T-scores
were significantly lower for the femoral neck and hip
(p<0.001), and more patients had osteopenia at the femoral
neck or hip (p=0.002 and 0.004, respectively). Regarding
measurements taken at the spine, only the T-score was
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significantly lower 3 years after bariatric surgery (p=0.0001).
On CT, the SBAC-L1 was significantly lower at 3 years
(p=0.008): 183.2 HU before surgery and 164.8 HU after

surgery.

Table 1: Characteristics of the patients included at baseline (n=44)
Demographical data

Age| 53.9(10.7)

Sex (women) 37 (84.1)
Weight (kg) | 126.5 (26.1)
Height (cm) 164.2 (7.2)
BMI (g/cm2) 46.9 (8.8)
Diabetes 24 (54.5)
Cardiovascular risk factors 35 (79.5)
Tobacco use 21 (47.7)
Alcohol consumption 1(2.3)
Vitamin D deficiency 42 (95.5)

Type of surgery
GBP 36 (81.8)

Sleeve 8(18.2)
CT
SBAC-L1 (HU)| 183.2(60.1)
SBAC-L1 <145 HU 11 (4.8)
DXA
Osteoporosis for at least one measurement site 1(2.3)
Osteopenia for at least one measurement site 5(11.4)
Femoral neck
BMD (g/cm2)| 1.095 (0.166)
T-score 0.9 (1.4)
Osteoporosis 0(0)
Osteopenia 3(6.8)
Hip
BMD (g/cm2)| 1.160 (0.162)
T-score 1.3(1.4)
Osteoporosis 0 (0)
Osteopenia 2 (4.5)
Spine

BMD (g/cm2) | 1.286 (0.188)

T-score 1.0 (1.6)

Osteoporosis 1(2.3)

Citation: Marine Fauny, Marion Halin, Edem Allado, Laurent Brunaud, Claire Nomine-Criqui, Eliane Albuisson, Isabelle Chary-Valckenaere, Didier
Quilliot, Damien Loeuille. CT and DXA Bone Fragility Evaluation after Bariatric Surgery. Fortune Journal of Rheumatology. 7 (2025):

32-40.



Fauny M, et al., Fortune J Rheumatol 2025
DOI:10.26502/fjr.26880049

fortune

Journals

Osteopenia 4(9.1)
Body composition
Lean mass (kg) 57.1(9.9)
Fat mass (kg) 65.5(17.4)
Android fat mass/Gynoid fat mass 1.6 (0.5)
VAT (cm3) | 3101.0 (1307.5)

The data are presented as the n (%) for dichotomous variables,
the mean (SD) for continuous demographic variables with a normal
distribution and the median (interquartile range) for variables with a
nonnormal distribution. ALM/H2: appendicular lean mass adjusted
to height; ALM/W: appendicular lean mass adjusted to body weight;
BMD: bone mineral density; BMI: body mass index; DXA: dual-energy
X-ray absorptiometry; VAT: visceral adipose tissue. The percentage
was calculated based on the available data for each variable.
Osteoporosis was defined by a T-score < -2.5 SD at any measured
location, and osteopenia was defined by -2.5 SD < T-score < -1
SD. Vitamin D deficiency was defined as a concentration less than
30 ng/mL.
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DXA evaluation (Tables 3 and 5)

At baseline, only 2 patients (4.5%) had a T-score <-2 SD.
Among the 42 patients with a T-score > -2 SD at baseline, 37
(88.1%) maintained a T-score > -2 SD 3 years after bariatric
surgery, and 5 (11.9%) had a T-score < -2 SD. Patients who
had a T-score < -2 SD at 3 years after bariatric surgery had a
significantly lower weight (p=0.004), lower fat mass (p=0.005)
and a lower SBAC-L1 (p=0.015) at baseline, before surgery.
According to the multivariate analysis (Table 5), there was no
statistically significant difference between the 2 groups.

CT evaluation (Table 4)

At baseline, 11 patients (25%) had an SBAC-L1 < 145
HU. Among the 33 patients with an SBAC-L1 > 145 HU at
baseline, 27 (81.8) maintained an SBAC-L1 > 145 HU, and
6 (18.2) had an SBAC-L1 < 145 HU 3 years after bariatric
surgery. None demographic variable or DXA measurement
was significantly associated with an SBAC-L1 < 145 HU 3
years after bariatric surgery. According to these results, no
multivariate analysis was performed.

Table 2: Comparison of the included patients’ characteristics before and at 3 years (6 months) after bariatric surgery (n=44)

BEFORE | 3yearsAFTER | p value
Demographical data
Weight (kg) 126.5 (26.1) 84.8 (26.3) <0.001
BMI (g/cm2) 46.9 (8.8) 31.4(9.2) <0.001
DXA
Osteoporosis for at least one measurement site 1(2.3) 4(9.1) 0.002
Osteopenia for at least one measurement site 5(11.4) 13 (29.5) 0.25
Femoral neck
BMD (g/cm2) 1.095 (0.166) 0.943 (0.165) <0.001
T-score 0.9 (1.4) -0.4 (1.4) 0.0001
Osteoporosis 0 (0) 3(6.8) /
Osteopenia 3(6.8) 12 (27.3) 0.002
Hip
BMD (g/cm2) 1.160 (0.162) 0.973 (0.190) 0.0001
T-score 1.3(1.4) -0.3 (1.6) 0.0001
Osteoporosis 1(2.3) 3(6.8) 0.500
Osteopenia 4(9.1) 12 (27.3) 0.004
Spine
BMD (g/cm2) 1.286 (0.188) 1.185 (0.209) 0.259
T-score 1.0 (1.6) 0(1.8) 0.0001
Osteoporosis 1(2.3) 4(9.1) 0.500
Osteopenia 4(9.1) 8(18.2) 0.063
Body composition
Lean mass (kg) 57.1(9.9) 47.6 (9.8) <0.001
Fat mass (kg) 65.5 (17.4) 34.8 (17.2) <0.001
Android fat mass/Gynoid fat mass 1.6 (0.5) 1.4 (0.5) <0.001
VAT (cm3) 3101.0 (1307.5) 1130.9 (906.7) 0.0001
CT
SBAC-L1 (HU) 183.2 (60.1) 164.8 (44.4) 0.008
SBAC-L1 <145 HU 11 (4.8) 14 (6.2) 0.508
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Table 3: 3-years postsurgery (x 6 months) characteristics of the patients with a T-score > -2 SD on DXA at baseline (before bariatric surgery)

(n=42)
T-score > -2 SD T-score £ -2 SD
at 3 years at 3 years p value
Demographical data N=37 N=5
Age 53.7 (10.4) 57.6 (7.3) 0.071
Sex (women) 31 (83.8) 4 (80) 0.618
Weight before surgery (kg) 130.4 (26.3) 110.8 (10.5) 0.004
Weight after surgery (kg) 88.0 (24.0) 69.5 (17.6) 0.204
BMI before surgery (g/cm2) 46.7 [11.6] 40.8 [3.8] 0.055
BMI after surgery (g/cm2) 29.4[11.1] 24.9[11.5] 0.253
A BMI 15.5 (7.2) 15.8 (7.4) 0.938
Diabetes 22 (59.5) 2 (40) 0.361
Cardiovascular risk factors 31 (83.8) 3 (60) 0.673
Tobacco use 18 (48.6) 2 (40) 0.547
Alcohol consumption 0(0) 0(0) /
Vitamin D deficiency 35 (94.6) 5(100) 0.774
Type of surgery
GBP 29 (78.4) 5 (100) 0.327
Sleeve 8 (21.6) 0 (0) /
DXA (before surgery)
Lean mass (kg) 58.4 (9.7) 52.5(9.1) 0.239
Fat mass (kg) 67.6 (18.2) 55.8 (5.5) 0.005
Android fat mass/Gynoid fat mass 1.7 (0.5) 1.5(0.8) 0.649
VAT (cm3) 3190.1 (1372.8) 2970.8 (1221.0) 0.992
CT (before surgery)
SBAC-L1 (HU) 191.2 (59.4) 147.8 (54.0) 0.015
SBAC-L1 <145 HU 7 (18.9) 2 (40) 0.057

The data are presented as the n (%) for dichotomous variables, the mean (SD) for continuous demographic variables with a normal distribution
and the median (interquartile range) for variables with a nonnormal distribution. ALM/H2: appendicular lean mass adjusted to height; ALM/W:
appendicular lean mass adjusted to body weight; BMD: bone mineral density; BMI: body mass index; DXA: dual-energy X-ray absorptiometry;
VAT: visceral adipose tissue. The percentage was calculated based on the available data for each variable. Osteoporosis was defined by a
T-score < -2.5 SD at any measured location, and osteopenia was defined by -2.5 SD < T-score < -1 SD. Vitamin D deficiency was defined as
a concentration less than 30 ng/mL. p value: Logistic regression was performed to identify the variables significantly associated with the binary
outcome of a T-score < -2 SD. The results in bold are statistically significant (p<0.05). Paired Student’s t tests were used for variables with a normal
distribution, and Mann-Whitney tests were used for other continuous variables. For qualitative variables, Fisher's exact test was used.

Comparison of the 2 methods of bone fragility
evaluation

The 2 patients with a DXA < -2 SD at baseline also had
an SBAC-L1 < 145 HU at baseline. Among the 11 patients
with an SBAC-L1 < 145 HU at baseline, 2 also had a DXA
< -2 SD after bariatric surgery. Only one patient with a DXA
> -2 SD and SBAC-L1 > 145 HU at baseline had a DXA
< -2 SD and SBAC-L1 < 145 HU 3 years after bariatric
surgery. The correlation coefficient was 0.53 between the
femoral neck T-score and SBAC-L1 before surgery and 0.63
after surgery. The correlation was positive, significant and

moderate to strong. For the spine T-score, the correlation
with the SBAC-L1 was positive and poor to moderate
(0.42 before surgery and 0.51 after surgery).

Discussion

This is the first study in which bone fragility was evaluated
on both DXA and CT 3 years after bariatric surgery in patients
with obesity. Before bariatric surgery, 4.8% of the patients had
an SBAC-L1 < 145 HU, 2.3% had osteoporosis on DXA, and
4.5% had low bone mass at least one measurement site. The
prevalence of osteoporosis varies from 1.8% to 8% according
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Table 4: 3-years-postsurgery (£ 6 months) characteristics of patients with an SBAC-L1 > 145 HU at baseline (before bariatric surgery) (n=33)

SBAC-L1> 145 HU SBAC-L1 £ 145 HU p value
Demographical data N =27 N=6
Age 52.4 (10.6) 55.3 (8.7) 0.498
Sex (women) 24 (88.9) 5(83.3) 0.798
Weight before surgery (kg) 126.9 (23.5) 122.6 (25.2) 0.855
Weight after surgery (kg) 82.8 (23.9) 80.8 (26.2) 0.978
BMI before surgery (g/cm2) 46.7 [9.0] 41.7 [9.5] 0.803
BMI after surgery (g/cm2) 28.9[10.9] 27.7 [6.9] 0.91
A BMI 16.5 (7.5) 15.4 (3.9) 0.757
Diabetes 13 (48.1) 4 (66.7) 0.358
Cardiovascular risk factors 20 (74.1) 6 (100) 0.208
Tobacco use 12 (44.4) 4 (66.7) 0.298
Alcohol consumption 0 (0) 0(0) /
Vitamin D deficiency 26 (96.3) 6 (100) 0.818
Type of surgery
GBP 22 (81.5) 5(83.3)
Sleeve 5(18.5) 1(16.7) 0.705
DXA (before surgery)
Osteoporosis for at least one measurement site 0(0) 0(0) NA
Osteopenia for at least one measurement site 1(3.0) 0(0) 0.818
T-score < -2 SD for at least one measurement site 0(0) 0(0) 0.335
Lean mass (kg) 56.4 (7.5) 55.6 (12.4) 0.891
Fat mass (kg) 65.0 (16.9) 63.1(16.5) 0.805
Android fat mass/Gynoid fat mass 1.7 (0.5) 1.8 (0.4) 0.518
VAT (cm3) 3049.3 (1348.8) 2646.6 (1387.3) 0.582

The data are presented as the n (%) for dichotomous variables, the mean (SD) for continuous demographic variables with a normal distribution
and the median (interquartile range) for variables with a nonnormal distribution. ALM/H% appendicular lean mass adjusted to height; ALM/W:
appendicular lean mass adjusted to body weight; BMD: bone mineral density; BMI: body mass index; DXA: dual-energy X-ray absorptiometry;
VAT: visceral adipose tissue. The percentage was calculated based on the available data for each variable. Osteoporosis was defined by a
T-score < -2.5 SD at any measured location, and osteopenia was defined by -2.5 SD < T-score < -1 SD. Vitamin D deficiency was defined as
a concentration less than 30 ng/mL. p value: Logistic regression was performed to identify the variables significantly associated with the binary
outcome of SBAC-L1 < 145 HU. The results in bold are statistically significant (p<0.05). Paired Student’s t tests were used for variables with a
normal distribution, and Mann-Whitney tests were used for other continuous variables. For qualitative variables, Fisher's exact test was used.

Table 5: Multivariate analysis for DXA (threshold: T-score <-2 SD)

T-score > -2 SD at 3 years

T-score £ -2 SD at 3 years

Multivariate analysis

N=37 N=5
Demographical data OR (95%Cl)
Age 53.7 (10.4) 57.6 (7.3) 0.969 [0.81-1.16]
BMI before surgery (g/cm2) 46.7 [11.6] 40.8[3.8] 0.751[0.45-1.27]
DXA (before surgery)
Fat mass (kg) 67.6 (18.2) 55.8 (5.5) 0.97 [0.74-1.29]
CT (before surgery)
SBAC-L1 (HU) 191.2 (59.4) 147.8 (54.0) 0.96 [0.91-1.01]

The data are presented as the n (%) for dichotomous variables, the mean (SD) for continuous demographic variables with a normal distribution and
the median (interquartile range) for variables with a nonnormal distribution. BMD: bone mineral density; BMI: body mass index; DXA: dual-energy
X-ray absorptiometry. The percentage was calculated based on the available data for each variable. Osteoporosis was defined by a T-score < -2.5
SD at any measured location, and osteopenia was defined by -2.5 SD < T-score < -1 SD. p value: Logistic regression was performed to identify
the variables significantly associated with the binary outcome of a T-score < -2 SD. The results in bold are statistically significant (p<0.05). The
results are adjusted for time between DXA and surgery.
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to the literature [17, 18], but the prevalence of low bone mass
observed in this study was lower than that reported in the
literature: 29 to 51.6% [17, 19, 20]. Regarding the CT results,
with SBAC-L1, the prevalence of bone fragility tended to be
equivalent to that of low bone mass fragility, and these results
suggest an underestimation of bone risk in patients with
obesity through DXA. Three years after bariatric surgery,
the BMI was significantly lower than that before surgery, the
ratio of android/gynoid fat mass improved, and there were
more patients with osteoporosis on DXA (9.1%; p=0.002).
The T-scores at the 3 sites and SBAC-L1 were significantly
lower than those before surgery, in accordance with previous
studies [5, 21-26].

Current management of patients with obesity who
performed bariatric surgery should be geared toward bone
loss prevention and nutritional deficiency correction.
Pharmacological treatments should be considered for high-
risk patients or patients with fractures without traumatism
[12]. Bone loss following bariatric surgery is multifactorial,
with malabsorption, high-turnover bone loss and an increase
of bone marrow adipose tissue [5, 23, 26, 27]. The risk
factors associated with the development of a T-score < -2
SD at least one measurement site at 3 years after bariatric
surgery were lower weight, lower fat mass and a lower
SBAC-L1 at baseline. However, there was no association in
the multivariate analysis. None demographic or DXA data
was significantly associated with an SBAC-L1 <145 HU at 3
years after bariatric surgery in patients with an SBAC-L1>145
HU at baseline. According to these results, no multivariate
analysis was performed. A limitation of this study is the lack
of information about fractures and menopausal status. Indeed,
the large percentage of female patients (84.1%) and the mean
age of our population (53.9 years) could influence the results.
The number of included patients was small, generating
a lack of power, which could explain the lack of results in
the univariate and multivariate analyses. Due to the small
sample size, our study did not permit comparisons of bone
evolution according to the type of bariatric surgery. Previous
studies [28-30] have shown that malabsorptive and mixed
procedures have an increased risk of fracture compared with
their nonsurgical counterparts, while restrictive procedures
alone do not increase the incidence of fracture.

The strength of this study was the evaluation of bone
fragility with both DXA and CT for all patients. CT allows
the avoidance of cortical bone and osteoarthritis, especially
on the spine, in patients with obesity, and the SBAC-LI
measurement is less influenced by body fat. The threshold
of 145 HU was used because it allowed the best compromise
between sensitivity and specificity in a general population
[16], but no study has been previously conducted in this
specific population of patients with obesity. Moreover, one
advantage of CT compared to DXA is its ability to accurately
identify unsuspected osteoporotic vertebral fractures, which
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are clearly indicative of osteoporosis independent of the
patient’s DXA T-score. DXA also has several limitations,
such as reduced photon penetration through soft tissues [31].
Thus, BMD measured by DXA increases with BMI. Fat
mass variation during follow-up could influence the DXA
measurements, with an underestimation of bone fragility
for patients with elevated fat mass. DXA remains the gold
standard examination tool for osteoporosis screening, but it
may not be the most reliable examination tool in patients with
obesity [32, 33]. Another strength was the evaluation at 3
years post-surgery; because the amount of weight lost peaked
after the 2-year follow-up and was relatively stable after this
time point [34], we can consider weight stabilization to have
occurred at 3 years. In previous studies, 2 years after bariatric
surgery, we also found a significant increase in the prevalence
of osteoporosis on DXA (0.9% before surgery vs. 3.6% after
surgery, p=0.0001) and a significantly lower SBAC-LI
(196.2 HU before surgery vs. 189.2 HU after surgery) [35,
Fauny M. Halin M, Allado E, et al. DXA evaluation of
bone fragility 2 years after bariatric surgery in patients with
obesity [preprint]]. Risk factor evaluation, especially through
the use of a T-score threshold of -2 SD, allows to develop
a post-surgery bone fragility prevention plan for patients at
greater risk at baseline and to prevent fracture with possible
treatment [12].

In conclusion, there was a significantly greater prevalence
of osteoporosis and a lower SBAC-L1 3 years after bariatric
surgery. According to multivariate analysis, nondemographic,
CT or DXA data was significantly associated with an
SBAC-L1 < 145 HU or a T-score < -2 SD 3 years after
bariatric surgery. The correlation between CT and DXA was
positive and moderate to strong.
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