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Abstract

Aim: Evaluate the impact of Tenofovir Disoproxil Fumarate (TDF) treatment on bone
mineral density (BMD) for patients with chronic hepatitis B (CHB) with Dual X-ray
absorptiometry (DEXA) and the Fracture Risk Assessment Tool (FRAX) score.
Materials and Methods: A total of 38 CHB patients treated with TDF were included in
this retrospective study. To estimate BMD, DEXA, demographic details, and laboratory
values were examined in patients. The BMD measurements were compared after dividing
the patients into 3 groups as normal BMD, osteopenic, and osteoporotic. FRAX scores
(before and after DEXA) were calculated.
Results: Twenty-one of the 38 (55.3%) cases of CHB infection were male, the median
age was 51 (min-max: 29-71) years, and seven patients (18.4%) were over 60 years of age.
The median TDF duration was median 6 (min-max: 3-13) years. Osteopenia, defined by
DEXA results, was found in 17 patients (44.7%) at the lumbar spine site, 11 (28.9%) at the
femoral neck, and 10 (26.3%) at the total hip. Osteoporosis was detected in six patients
(15.8%) at the lumbar spine site. Pre-DEXA FRAX score and post-DEXA FRAX score
were calculated. Only one patient (1/33, 3%) had a score over the intervention threshold,
by post-DEXA FRAX score. None of the patients classified as low risk based on the
pre-DEXA FRAX score had a post-DEXA FRAX score above the intervention threshold.
When the TDF duration, serum phosphorus level, vitamin D levels, and ALP levels were
compared, no significant differences were found between the groups.
Conclusion: There are concerns about the negative effects of TDF used in CHB infection
on BMD. However, BMD loss may not increase as the duration of TDF use increases.
FRAX score is useful in identifying to risk of osteoporotic fracture. FRAX score can also
eliminate the need for DEXA in most CHB cases. The FRAX score should be used in
clinical practice to determine cases at risk.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Chronic hepatitis B (CHB) infection is an important global
health threat and a major cause of cirrhosis and hepato-
cellular carcinoma (HCC) worldwide [1]. Tenofovir diso-
proxil fumarate (TDF) has a high genetic barrier to re-
sistance, which is suggested as a first-line treatment for
chronic hepatitis B (CHB) in international guidelines [2-
4]. The treatment is usually life-long due to low rates of
Hepatitis B Surface Antigen (HBsAg) loss. Although gen-
erally considered safe and well tolerated [5,6], the major
concerns of long-term TDF treatment are related to side
effects and costs [7].
Clinical trials have found that TDF treatment in HIV-
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infected patients leads to bone disorders such as osteope-
nia, osteoporosis, and bone fractures [8-10]. Evaluation of
TDF in randomized, controlled clinical trials reported that
it decreased BMD in HIV-infected patients [5,11,12].Im-
paired kidney function and reduced bone mineral density
(BMD) were reported in cases firstly with human immun-
odeficiency virus (HIV) and then in patients with HBV in
long-term TDF treatment [7,13,14]. Data are limiting on
the effect of TDF therapy on BMD in cohorts with chronic
hepatitis B virus (HBV) infection.

The mechanisms of bone toxicity remain unclear; possi-
ble mechanisms include Intracellular accumulation of TDF
causes proximal tubular dysfunction and Fanconi Syn-
drome and results in hypophosphatemic osteomalacia [15-
17]. This study aimed to evaluate the impacts of TDF
treatment on BMD with CHB, using Dual-Energy X-Ray
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Absorptiometry (DEXA). Additionally, we evaluated the
advantage of the FRAX score as an alternative to DEXA.

Materials and Methods
In this retrospective single-center study, thirty-eight CHB
cases (aged >18 years) who were treated on TDF (21
males/17 females) in Ankara City Hospital Infectious Dis-
eases and Clinical Microbiology outpatient clinic between
1 March - 31 April 2022 were screened. A special form was
created for cases with viral hepatitis B infection who were
treated with tenofovir, containing information about pa-
tients at admission to collect the study data. The param-
eters included in this form were age, gender, BMI, smok-
ing, and patients’ laboratory results including ALT, AST,
ALP, albumin, urea, creatinine, calcium, phosphorus, 25-
hydroxy vitamin D, HBsAg, Anti-Hbe, and HBeAg levels
were noted. Impaired kidney function was established on
an eGFR<60 mL/min/1.73 m2 [18,19]. All the laboratory
records in patient files were completed from the hospital
database.
Bone biochemistry was evaluated with laboratory val-
ues that could be used to predict BMD changes. Mea-
surements for determined serum calcium level (normal
range, 8.7-10.4 mg/dL), serum phosphate level (normal
range, 2.4-5.1 mg/dL), and serum ALP level (normal
range, 53-141 U/L) were noted. In addition, serum 25-
hydroxyvitamin D (vitamin D) level (normal range, 75-
150 nmol/L); vitamin D insufficiency is identified as 50-
75 nmol/L, and vitamin D deficiency is identified as <50
nmol/L) was noted for its effect on BMD measurements.
Bone mineral density (BMD) measurements of the lumbar
spine and hip were determined via dual-energy x-ray ab-
sorptiometry (DXA). T values between 1 and -1 were con-
sidered to be normal, while T values between -1 and -2.5
were considered to be osteopenic, and values of -2.5 and
lower indicated osteoporosis as defined in World Health
Organization guidelines for bone health [20].

FRAX score
An estimated 10-year major osteoporotic and hip frac-
ture probability was calculated using an automatic data
entry program from the FRAX web calculator [21]. All
patients were accepted to have a secondary reason for os-
teoporosis due to chronic liver disease (i.e., chronic hep-
atitis B). The clinical FRAX scores were calculated us-
ing the Internetbased tool, initially without the DEXA-
measured BMD (the pre-DEXA FRAX score). Patients
were risk-categorized by the age-adjusted National Osteo-
porosis Guideline Group (NOGG) recommendations. This
allows categorized into low, medium, or high risk for devel-
oping a major osteoporotic status or fracture over 10 years.
FRAX scores were then recalculated with the BMD T
score (the post-DEXA FRAX score). We used the NOGG
recommendation with the post-DEXA FRAX score, which
stratifies patients as low risk (ie, individuals who are not
currently requiring treatment for osteoporosis) or high risk
(ie, individuals for whom treatment for osteoporosis is rec-
ommended).
Pre-DEXA FRAX score and post-DEXA FRAX score
were calculated because we aimed to evaluate the clinical

utility of evaluating BMD with the FRAX score without
DEXA.

Statistical analysis
Statistical analysis of the data was performed using the
Statistical Package for the Social Sciences (Version 22,
SPSS Inc., Chicago, IL, USA) package program. De-
scriptive statistics of categorical variables were reported
as numbers and percentages (%). Descriptive statistics
of continuous variables were reported as mean ± stan-
dard deviation or median ± interquartile range (minimum-
maximum) according to data normality distribution. Re-
lationships between categorical variables were evaluated
using Fisher’s exact test. Kruskal-Wallis tests were ap-
plied to compare the continuous variables. Two-tailed p-
values of <0.05 were defined as statistically significant.
The study protocol and procedures for informed consent
were approved by the Ankara City Hospital Ethical Com-
mittee (approval number: E1-23-3383, date: 26/04/2023).

Results
Thirty-eight patients who were treated with TDF were
included in the study, of whom 21 (55.3%) were male. The
median age of patients was 51 (min-max: 29-71) years, and
18.4% were over 60 years of age. All patients received TDF
treatment for a minimum of 3 years. The median duration
of TDF treatment was found to be 6 years (min-max: 3-13
years). Hypocalcaemia was detected in 4.3% (1/23) cases
and hypophosphatemia was detected in 4.3% (1/23) cases.
Impaired kidney function was not detected. The related
characteristics are given in Table 1.
Osteopenia was recorded in 17 patients (44.7%) at the
lumbar spine site, 11 (28.9%) at the femoral neck, and
10 (26.3%) at the total hip. Osteoporosis was found in 6
patients (15.8%) at the lumbar spine site. Osteoporosis
was not found at the femoral neck and the total hip site
(Table 2). A total of 14 patients had osteopenia or osteo-
porosis at any site and 9 had osteopenia or osteoporosis at
all 3 anatomical sites.
Complete FRAX scores were calculated for 33 patients.
Pre-DEXA FRAX scores ranged between 2.8% and 17.0%
(median 4.8%), and post-DEXA FRAX scores ranged be-
tween 2.4% and 11.0% (median 4.1%). Using the pre-
DEXA FRAX score, cases may be categorized to be at
low, intermediate, or high risk for major osteoporotic frac-
ture, with age-dependent NOGG cutoffs. In this study 16
of 33 patients (48.5%) were classified as medium risk, and
51.5% were classified as low-risk. It was determined that
these low-risk patients (51.5%) could be evaluated with
the FRAX score without DEXA. There were no high-risk
patients (Table 3). In this study, 1 of 33 patients (3%)
had a score over the intervention threshold, by post-DEXA
FRAX score. No patients who had low risk based on pre-
DEXA FRAX scores had post-DEXA FRAX scores over
the intervention threshold.
The BMD measurements were compared after dividing the
patients into 3 groups as follows: normal BMD, osteopenic,
and osteoporotic (Table 4). No significant difference was
detected when the groups were compared in terms of age,
BMI, gender, and TDF treatment duration. No significant
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Table 1. Characteristics features of the 38 patients en-
rolled.

Characteristics

Age (median,min-max) 51 (29-71)

Age, years, (n, %)

18-30 2 (5.3)

31-40 5 (13.2)

41-50 12 (31.6)

50-60 12 (31.6)

>60 7 (18.4)

Sex, (n,%)

Female 17 (44.7)

Male 21 (55.3)

TDF duration, years (median,min-max) 6 (3-13)

TDF duration, years (n,%)

0-3 years 4 (13.8)

4-6 years 13(44.8)

>6 years 12(41.4)

BMI (median,min-max) 27(18.6-36.7)

BMI >25 kg/m2 (n,%) 26 (86.6)

Smoking (n,%) 9 (23.7)

Serum ALT level, U/L(median,min-max) 24 (10-125)

Serum AST level, U/L (median,min-max) 23.5 (15-102)

Serum ALP level, U/L (median,min-max) 103 (64-141)

Vitamin D level, nmol/L (mean,SD) 32.45±11.3

Vitamin D deficiency (<50 nmol/L) (n,%) 20 (86.95)

Vitamin D insufficiency (50-75 nmol/L) (n,%) 3 (13.05)

Serum albumin level, mg/dL (mean, SD) 45.05±4

Serum phosphorus level, mg/dL (mean, SD) 3.29±0.62

Serum calcium level, mg/dL (mean, SD) 9.5±0.5

Serum urea level, mg/dL (mean, SD) 32.9±8.3

Serum creatinine level, mg/dL (mean, SD) 0.86±0.16

eGFR level, mL/min (mean, SD) 90±17.2

Anti-Hbe, n (%)

Positive 29 (76.3)

Negative 5 (13.2)

BMI: Body Mass Index; AST: Aspartate Aminotransferase; ALT: Alanine
Aminotransferase; ALP: Alkaline Phosphatase. Body mass index (BMI) is
calculated as the weight in kilograms divided by the height in square
meters.

differences were found between the biochemical variables
in serum phosphorus, serum ALP, serum calcium levels,
and vitamin D levels (Table 4).

Discussion
Most patients require life-long treatment because of the
risk of recurrence after the discontinuation of the antivi-
ral treatments in CHB. For this reason, it is important
to follow up on the side effects of long-term use of drugs
[22,23]. TDF is a nucleotide analog reverse transcriptase
inhibitor and is a part of HIV therapy. Clinical studies

that evaluated the impact of TDF on BMD in cases with
CHB are limited. Pathological bone fractures and a de-
crease in BMD (osteopenia, osteoporosis) were reported
in previous studies that evaluated the impact of TDF on
bone metabolism in HIV-infected cases [8,9,24-27].

The use of TDF therapy with CHB cases may be correlated
with BMD changes, in previous studies on BMD loss in
HIV-infected cases. In the study by Gill et al., cases with
CHB infection TDF therapy were compared with healthy
controls, and only a decrease in hip BMD score and an in-
crease in fracture risk score were reported [28]. In a cohort
report by Wong et al., the bone and renal side effects of
nucleo(t)ide analogs were examined. It was reported in a
3-year follow-up that included 53.500 patients (46.454 non-
treated and 7.046 treated) with a total of 53.500 CHB in-

Table 2. Comparison of the Normal, Osteopenia, and Os-
teoporosis Classification According to Bone Mineral Den-
sity Scores by Dual X-ray Absorptiometry (DEXA).

Median Normal BMD Osteopenia Osteoporosis

(min/max) n (%) n (%) n (%)

L1 spine

T score

0.785 (1.3/-2.5) 22 (57.9) 15 (39.5) 1 (2.6)

L2 spine

T score

0.65 (2.4/-2.9) 20 (52.6) 13 (34.2) 5 (13.2)

L3 spine

T score

0.6 (2.4/-2.5) 23 (60.5) 14 (36.8) 1 (2.6)

L4 spine

T score

-1 (1.8/-2.9) 18 (47.4) 17 (44.7) 3 (7.9)

Total hip

T score

-0.3 (1.6/-1.9) 28 (73.7) 10 (26.3) 0

Femoral

neck T score

-0.7 (1.2/-2) 27 (71.1) 11 (28.9) 0

Table 3. The 10-year probability of fracture due to pre-
DEXA FRAX and post-DEXA FRAX scores.

FRAX score

Pre-DEXA FRAX score

Major osteoporotic fracture (median,min-max) 4.8 (2.8-17)

Hip fracture (median,min-max) 0.6 (0.1-6.5)

Post-DEXA FRAX score

Major osteoporotic fracture (median,min-max) 4.1 (2.4-11)

Hip fracture (median,min-max) 0.4 (0-1.4)

Pre-DEXA FRAX (n,%)

Low risk 17 (51.5)

Medium risk 16 (48.5)

High risk 0

Post-DEXA FRAX (n,%)

Low risk 32 (97)

High risk 1 (3)

FRAX: Fracture Risk Assessment Tool Score.
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Table 4. Comparison of demographic, and laboratory results according to their BMD measurements as normal BMD,
osteopenic and osteoporotic.

Normal Osteopenia Osteoporosis
p values

(n:15) (n:17) (n:6)

Age 51.87±11.24 49.65±11.03 50.17±12.09 0.902

Age, years, (n, %)

0.861

18-30 1 (6.7) 1 (5.9) 0 (0)
31-40 1 (6.7) 3 (17.6) 1(16.7)
41-50 6 (40) 4 (23.5) 2 (33.3)
51-60 3 (20) 7 (41.2) 2 (33.3)
>60 4 (26.7) 2 (11.8) 1 (16.7)

Sex, (n,%)
0.420Female 5 (33.3) 8 (47.1) 4 (66.7)

Male 10 (66.7) 9 (52.9) 2 (33.3)

TDF duration, years 6.73±3.69 6.69±2.69 5.83±1.83 0.872

BMI 27.29±3.64 1 26.45±4.36 27.75±5.98 0.621

BMI > 25 kg/m2 (n,%) 2 (80) 10 (58.8) 4 (66.7) 0.404

Vitamin D deficiency (<50 nmol/L) (n,%) 5 (83.3) 10 (83.3) 5 (100)
1.000

Vitamin D insufficiency (50-75 nmol/L) (n,%) 1 (16.7) 2 (16.7) 0 (0)

Serum ALT level, U/L 31.13±24.73 30.71±27.11 31±20.69 0.732

Serum AST level, U/L 26.13±12.89 26±9.44 35.33±32.8 0.985

Serum ALP level, U/L 105.29±19.39 98.67±25.12 118±19.18 0.347

25 OH vitamin D level, nmol/L 30.5±12.58 34.08±12.4 33.8±9.47 0.722

Vitamin D deficiency (<50 nmol/L) (n,%) 5 (83.3) 10 (83.3) 5 (100)
1.000

Vitamin D insufficiency (50-75 nmol/L) (n,%) 1 (16.7) 2 (16.7) 0 (0)

Serum albumin level, mg/dL 46.22±2.28 45.75±3 41±7.81 0.454

Serum phosphorus level, mg/dL 2.97±0.52 3.35±0.67 3.42±0.48 0.422

Serum calcium level, mg/dL 9.38±0.53 9.68±0.44 9.33±0.56 0.440

Serum urea level, mg/dL 35.31±8.08 32.27±8.53 28.6±7.5 0.269

Serum creatinine level, mg/dL 0.91±0.2 0.83±0.14 0.75±0.08 0.145

eGFR level, mL/min 85.14±15.92 92.65±17.15 96.5±14.15 0.262

Anti-Hbe, n (%)
0.545Positive 10 (76.9) 14 (87.5) 5 (100)

Negative 3 (23.1) 2 (12.5) 0 (0)

BMI: Body Mass Index; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; ALP: Alkaline Phosphatase. Body mass index
(BMI) is calculated as the weight in kilograms divided by the height in square meters.

fections that exposure to nucleotide analogs increased the
risk of hip fractures when compared to nucleoside analogs
[29]. It was reported in another study that there was an
increase in hip osteopenia and major FRAX Score and a
significant decrease in L3 lumbar spine BMD in the TDF
group when the subjects who received entecavir and TDF
were compared. No significant changes were detected in
BMD and major FRAX scores in the entecavir group [30].
Seto et al. showed that the marker of bone resorption was
significantly higher in TDF patients than in the tenofovir
alafenamide group in 96 weeks of follow-up [31]. Osteope-
nia was most common in the lumbar spine region in the
DEXA results of our study (17/38, 44.7%), followed by the
hip (11/38, 28.9%). Osteoporosis was detected only in the

lumbar spine area (6/38, 15.8%) and no osteoporosis was
detected in the hip site and femoral neck. Unfortunately,
the BMD changes could not be reported because of a lack
of baseline BMD.
The data on when changes in BMD begin are limited be-
cause most studies did not report serial BMD measure-
ments. A 96-week prospective study that evaluated the
changes in BMD in patients with CHB infection by us-
ing serial DEXA scans showed a plateau for hip BMD loss
at week 72 [32]. Cassetti et al. reported that osteopenic
changes were shown in the hip and lumbar spine during
the first 48 weeks, but did not progress in the 288-week
follow-up [33]. In another study, annual BMD evalua-
tions of CHB cases treated with TDF were investigated
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between the fourth and seventh years of the treatment.
In this study, no statistically significant osteopenia and
osteoporosis were detected [34]. In our study, when the
cases with and without BMD loss (osteopenia, osteoporo-
sis) were compared in terms of the duration of TDF use, no
significant differences were detected. It was concluded that
the BMD loss may not increase as the duration of TDF use
increased. When evaluated together with previous studies,
it supports that the treatment-related decrease in BMD
occurs right after the start of the treatment, but does not
continue in the future.
Our study was compared after dividing the patients into
3 groups as follows: normal BMD, osteopenic and osteo-
porotic. No significant differences were found between the
biochemical variables in serum phosphorus, serum ALP,
serum calcium levels, vitamin D levels. These results did
not support the use of serum phosphorus, serum ALP, and
serum calcium levels as an indicator for BMD loss. Vita-
min D deficiency is another significant factor in the loss of
BMD [35]. However, this study detected that vitamin D
deficiency was not significantly correlated with decreased
BMD.
The risk of osteoporotic fracture is also associated with
many other factors, such as age, sex, weight, height, al-
cohol use, and smoking. The 10-year fracture risk can be
evaluated with the FRAX score based on basic clinical fac-
tors with the FRAX score and can be a guide in terms of
treatment management in clinical practice [21]. Previous
studies reporting that the FRAX score was beneficial in
the evaluation of fracture risk in HIV and CHB-infected
patients receiving TDF treatment were reported [28,36].
Classical risk factors are important for the development
of osteoporotic fractures, and cases with CHB who receive
TDF or those who are scheduled to initiate TDF must be
evaluated in this regard. In the present study, the FRAX
score was compared before and after DEXA. When the
FRAX score before and after DEXA was calculated, we
defined that none of the cases that had a low-risk pre-
DEXA FRAX score fell under the high-risk classification
which osteoporosis therapy would be needed. Only one
case that had intermediate risk according to the FRAX
score before DEXA was identified as a high-risk patient
according to the FRAX score after DEXA. These findings
underscore the clinical utility of evaluating BMD with the
FRAX score without DEXA. Also, according to the pre-
DEXA FRAX score, 51.5% of the patients in this study
were found in the low-risk group in terms of major osteo-
porotic and hip fractures. This ultimately eliminated the
need for DEXA and the cost associated with DEXA in
low-risk patients.

Conclusion
In the present study, similar to the previous studies, TDF-
treated patients with CHB increased concerns about the
negative effects of BMD. The present study that the FRAX
score is an inexpensive and effective tool in determining
the risk of osteoporotic fractures in TDF-treated patients
with CHB, and might eliminate the need for DEXA in
most cases. The FRAX score should be detected in clinical
practice to identify cases that have risks. This study’s
limitations were the small number of patients and their

unknown baseline DEXA results. Another limitation is
that there was no comparison with the control group which
does not use TDF. Further studies with large multi-centers
are needed for TDF to have a direct significant effect on
BMD loss.

Ethical approval
The study protocol and procedures for informed consent
were approved by the Ankara City Hospital Ethical Com-
mittee (approval number: E1-23-3383, date: 26/04/2023).
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