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A B S T R A C T

Objective: Human immunodeficiency virus (HIV) infection and antiretroviral therapy (ART) have been associated
with reduced bone mineral density (BMD) in persons with HIV (PWH). BMD provides information only about
bone mineral quantity. Trabecular bone score (TBS) is a noninvasive tool that estimates bone microarchitecture.
The aim of this study is to measure BMD and TBS of Chinese PWH after one-year ART.
Methods: We designed a retrospective study of adult Chinese PWH. Patients with a dual-energy X-ray absorpti-
ometry (DXA) scan prior to ART initiation, and again 48 weeks later were included. Information regarding de-
mographic and clinical history, HIV treatment history, BMD and TBS were collected. We analyzed differences in
BMD and TBS over 48 weeks and associations between key risk factors and changes in BMD and TBS.
Results: Our study included 233 PWH (mean age ¼ 36.6 � 11.1 years). Before ART initiation, 19.3% of PWH had
normal BMD but abnormal TBS. Both BMD and TBS decreased after one-year ART. TDF and LPV/r-containing
regimens were associated with greater declines in BMD at different site. Traditional risk factors such as old
age, low BMI and female sex were associated with lower baseline TBS. Greater change in TBS over one year was
associated with lower BMI and lower baseline CD4þ cell count, but unlike BMD measures, it was not correlated
with treatment with TDF and LPV/r in our study population.
Conclusions: We present the first longitudinal analysis of change in TBS over 48 weeks compared with BMD among
Asian PWH receiving ART. Before ART initiation, approximately 20% of PWH with impaired bone micro-
architecture would not have been identified if DXA were used alone to assess for bone damage. Both BMD and TBS
decreased after one-year ART. Change in TBS was not associated with different antiretroviral agents.
The translational potential of this article: The trabecular microarchitecture measured indirectly by TBS may provide
clinicians additional information about bone damage in PWH.
1. Introduction

Although the use of antiretroviral therapy (ART) has resulted in a
significant reduction in human immunodeficiency virus (HIV)-related
morbidity and mortality [1,2], studies have shown that chronic comor-
bidities including decreased bone density and fragility fracture occur
more frequently in persons with HIV (PWH) than in the general popu-
lation [3]. It has been reported that in PWH the prevalence of osteopo-
rosis is three times higher [4] and risk for fracture increases 20%–60%
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compared to uninfected individuals [5,6].
Dual-energy X-ray absorptiometry (DXA) is the gold standard used for

the diagnosis of osteoporosis [7]. However, bone mineral density (BMD)
accounts for only 60%–70% of the variation in bone strength, which has
many determinants including bone quantity and bone quality [8]. A more
recent tool that has been used to measure bone quality is trabecular bone
score (TBS). This noninvasive, indirect tool produces a score, which has
been shown to be related to 3D bone microarchitecture parameters such
as trabecular number, trabecular separation and connectivity density [9].
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Table 1
Demographic and clinical characteristics at baseline.

Characteristics

N 233
Age (years) 36.6 � 11.1
<50 years, n (%) 199 (85.4%)
�50 years, n (%) 34 (14.6%)

Sex, n (%)
Male 212 (91.0%)
Female 21 (9.0%)

BMI (kg/m2) 22.9 � 3.7
CD4 þ T cell count (cells/μL) 256 � 178
HIV viral load (lg copies/mL) 4.8 � 0.7
Route of HIV transmission, n (%)
Sexual transmission 190 (81.5%)

Homosexual 155 (66.5%)
Heterosexual 29 (12.4%)
Bisexual 6 (2.6%)

Blood-borne transmission 8 (3.4%)
Unknown 35 (15.0%)

Abbreviations: BMI, body mass index.
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TBS has also been shown to improve fracture prediction independent of
BMD [10,11]. Previous studies have shown that TBS in HIV-infected
individuals are lower compared to TBS in individuals without HIV [12].

In China, there were an estimated 1,250,000 PWH by the end of 2018.
The incidence of newly diagnosed cases continues to rise [2]. Tenofovir
disoproxil fumarate (TDF) þ lamivudine (3 TC) þ efavirenz (EFV) was
designated the first-line ART regimen in China's 2011 national guidelines
for HIV/AIDS treatment. Lopinavir/ritonavir (LPV/r), which is a protease
inhibitor (PI), has been used as the most common alternative agent for
EFV since 2011 [13]. Due to the increasing availability of ART in China,
life expectancy among Chinese PWH has also increased. With the accel-
eration of aging, the problem of osteoporosis and fractures has become an
issue of increasing concern [14]. To date, few studies have been con-
ducted in China regarding bone health of PWH after ART [15,16], and no
studies have measured changes of TBS.

In order to address this gap, we retrospectively analyzed medical
records data from patients receiving HIV care at a large Chinese tertiary-
care hospital and evaluated changes in BMD and TBS after initiation of
ART from baseline to 48 weeks. We also systematically investigated
potential clinical and HIV-associated risk factors associated with change
in BMD and TBS during this time.

2. Materials and methods

2.1. Study design and population

We conducted a retrospective chart review of adult PWH receiving
care in the outpatient HIV clinic of the Infectious Diseases Department of
Peking Union Medical College Hospital (PUMCH) between April 2007
and April 2019. Patients were eligible for inclusion if they had a diag-
nosis of HIV, which was confirmed by Western blot, and had obtained a
DXA scan prior to ART initiation, and again at 48 � 4 weeks post-ART
initiation. Patients were excluded from the study if they had any of the
following conditions: (1) significant renal, hepatic, thyroid or para-
thyroid dysfunction; (2) use of systemic glucocorticoids; (3) use of bone
active drugs; (4) pregnant or nursing women; (5) patients who were
younger than 20 years old, because the reference Asia DXA database is
not available for this population; (6) patients with BMI below 15 kg/m2

or over 37 kg/m2, because TBS values are not recommended for use in
these groups [9]; and (8) poor-quality DXA images. The study was
reviewed and exempt by the Peking Union Medical College Hospital
Institutional Review Board (No. S–K1367).

2.2. Measures

For each patient, we obtained information regarding general de-
mographic and clinical history, HIV diagnosis and treatment history,
BMD and TBS information.

BMD of the lumbar spine (LS), femoral neck (FN), and total hip (TH)
were measured on the same GE Lunar Prodigy Advance DXA scanner (GE
Healthcare, Madison, WI), using the same software (enCORE version
10.50.086) for both scan acquisition and analysis. The precision of DXA
measurements was 0.94% for lumbar spine, 1.75% for femoral neck, and
0.74% for total hip respectively, which is notably lower than the minimal
acceptable precision advised by the International Society for Clinical
Densitometry (ISCD) [LS: 1.9%; FN: 2.5%; TH: 1.8%] [17].

According to WHO criteria, for postmenopausal women and men
aged 50 and older, a T-score of � �1.0 denotes normal BMD; a T-score
between �1.0 and �2.5 denotes low bone density (or osteopenia), and a
T-score of � �2.5 denotes osteoporosis [18]. Due to the retrospective
nature of this study, we were unable to collect details regarding meno-
pausal status, therefore 50 years was also used as the age threshold for
postmenopausal status, based upon data showing the average age for
menopause in China is 45–50 years [19]. For patients younger than 50
years of age, a Z-score of �2.0 or lower is defined as “below the expected
range for age” and a Z-score above�2.0 is “within the expected range for
73
age” according to the ISCD [17].
TBS was measured using iNsight v2.1 software (Med-Imaps, Meri-

gnac, France) applied to lumbar spine DXA images. TBS value above
1.310 is considered to be “normal”. A value between 1.230 and 1.310 is
considered “partially degraded bone microarchitecture”, and a value
below 1.230 is categorized as “degraded microarchitecture” [20]. We
performed TBS precision analyses by measuring lumbar spine DXA in 30
patients 2 times, repositioning the patient after each scan at first. Then
these lumbar spine DXA images were used to calculate TBS. Finally, the
precision of TBS was calculated using ISCD precision calculating tool
(https://iscd.org/learn/resources/calculators/). The precision for TBS
was 1.14% in our study.

For all patients, peripheral lymphocyte subpopulation analysis, HIV
RNA and routine laboratory tests were performed. Peripheral lympho-
cyte subpopulation analysis was performed using BD FACS canto (BD
Bioscience, USA) and whole blood samples to determine the counts of
CD4þT cells. Roche COBAS TaqMan (Roche, CA, USA) was used to detect
HIV plasma viral load.

2.3. Statistical analysis

Mean, standard deviations (SD) and frequencies were calculated to
describe baseline and follow-up variables. We used Paired-Samples T test
to compare continuous variables and χ2 tests or Fisher's exact tests to
compare categorical variables between baseline and follow-up data.

Univariate linear regression analyses were performed to examine the
associations between the change in BMD and TBS over 48 weeks with key
covariates including age (per 10-year increment), sex, BMI, hepatitis B
virus (HBV) co-infection, route of HIV transmission, baseline CD4þ T-cell
count, baseline HIV viral load, TDF exposure, LPV/r exposure. Variables
with p < 0.20 in the univariate analysis were entered into the multi-
variable model. We also added age and BMI into every multivariable
model regardless of its p-value in univariate analysis considering its
established influence on bone health.

All statistical analyses were performed using the software package
SPSS 22.0 (SPSS Inc., Chicago, IL, USA). P-values of <0.05 were
considered statistically significant and all p-values were 2-sided.

3. Results

3.1. Baseline characteristics

A total of 233 patients had received a DXA examination both prior to
ART initiation and 48 � 4 weeks post-initiation, and met other eligibility
criteria for inclusion in this analysis. The baseline characteristics of the
patients are shown in Table 1. The mean age of the overall sample was
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36.6 � 11.1 years, including 212 men (91.0%) and 21 women (9.0%).
The mean BMI was 22.9 � 3.7 kg/m2. The major route of transmission
among study population was sexual transmission (190 patients, 81.5%),
the second most common was blood-borne transmission (8 patients,
3.4%). Themean baseline CD4þ T cell count was 256� 178 cells/μL, and
the mean baseline plasma HIV RNA load was 4.8� 0.7 lg copies/mL. One
hundred fifty patients in the sample had been screened for HBV infection
with a HBsAg test, of which 12 patients (8%) were positive. No patients
were hepatitis C virus (HCV) antibody positive among the 145 patients
who had a HCV testing documented in the medical record.

3.2. BMD and TBS at baseline and week 48 in overall study population

At baseline, the mean BMD of the overall sample was 1.171 � 0.142
kg/cm2, 0.989� 0.138 kg/cm2, and 1.020� 0.132 kg/cm2 at the LS, FN,
and TH, respectively (Table 2). One hundred ninety-nine patients were
under 50 years of age. Among them, 189/199 patients (95.0%) had BMD
results within the expected range for age (Z-score>�2.0) for at least one
site, and 10/199 patients (5.0%) had BMD results below the expected
range for age (Z-score � �2.0) for at least one site. Thirty-four patients
were aged 50 years and older. Among them, 7/34 patients (20.6%) had
low bone density (�2.5<T-score<�1.0) as measured by DXA for at least
one site, and no patients met criteria for osteoporosis (T-score � �2.5).

BMD of the overall study population at each of the sites decreased
significantly during the first year of ART: LS BMD decreased to 1.136 �
0.145 g/cm2 (p ¼ 0.118, percent change: �3.0% � 4.0%); FN BMD to
0.954 � 0.137 g/cm2 (p < 0.001, percent change: �3.5% � 3.9%); and
TH BMD to 0.988 � 0.135 g/cm2 (p < 0.001, percent change: �3.2% �
3.2%) (Table 2).

The mean baseline TBS of the overall population was 1.409 � 0.087.
While 201 patients (86.3%) had normal TBS results, 26 patients (11.2%)
and 6 patients (2.5%) had TBS results categorized as partially degraded
and degraded, respectively. We observed a significant decrease in the
average TBS to 1.384 � 0.093 (�1.6% � 5.7%, p < 0.001) in the first 48
weeks. No significant changes in distribution across TBS categories were
observed between baseline and week 48 (p ¼ 0.111) (Table 2).

Forty-five patients (19.3%) had a normal BMD but partially degraded
TBS (42 patients, 18.0%) or degraded TBS (3 patients, 1.3%). Fig. 1-A is
the lumbar spine DXA image and Fig. 1-B is the TBS image of a 26.1-year-
old male, whose lumbar spine BMD is within the expected range for age
(BMD is 1.074 g/cm2, Z-score is �0.2) and TBS is normal (1.431). Fig. 1-
C shows the lumbar spine DXA image and Fig. 1-D is the TBS image of a
26.5-year-old male, his lumbar spine BMD is within the expected range
for age (BMD is 1.232 g/cm2, Z-score is�0.8) but his TBS is 1.189, which
shows the degraded bone microarchitecture.

3.3. Factors associated with percent change in lumbar spine, femoral neck,
and total hip BMD as well as TBS

In the univariate analysis, we found that higher baseline HIV viral
load [β coefficient (95%CI): LS BMD: �1.578 (�2.437, �0.718), p <

0.001; FN BMD: �1.903 (�2.765, �1.041), p < 0.001; TH BMD: �1.332
Table 2
Lumbar spine, femoral neck, total hip BMD and TBS at baseline and week 48.

Characteristics Baseline Week 48 p-value

BMD (g/cm2)
Lumbar Spine 1.171 � 0.142 1.136 � 0.145 0.018
Femoral Neck 0.989 � 0.138 0.954 � 0.137 <0.001
Total Hip 1.020 � 0.132 0.988 � 0.135 <0.001

TBS 1.409 � 0.087 1.384 � 0.093 <0.001
TBS category, n (%) 0.111
Normal (�1.310) 201 (86.3%) 189 (81.1%)
Partly Degraded (1.230–1.310) 26 (11.2%) 29 (12.5%)
Degraded (�1.230) 6 (2.5%) 15 (6.4%)

Abbreviations: BMD, bone mineral density; TBS, trabecular bone score.
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(�2.047, �0.617), p < 0.001], TDF exposure [β coefficient (95%CI): LS
BMD: �1.423 (�2.258, �0.589), p ¼ 0.001; FN BMD: �1.138 (�1.958,
�0.318), p ¼ 0.001; TH BMD: �1.572 (�2.226, �0.919), p < 0.001] and
LPV/r exposure [β coefficient (95%CI): LS BMD: �1.364 (�2.289,
�0.439), p ¼ 0.004; FN BMD: �1.255 (�2.159, �0.351), p ¼ 0.007; TH
BMD: �1.708 (�2.430, �0.986), p < 0.001] were risk factors signifi-
cantly associatedwith larger BMD decrease at each site during the first 48
weeks. Additionally, older baseline age (per 10-year increment) was
significantly associated with decreased LS BMD [β coefficient (95%CI):
�0.213 (�0.373, �0.053), p ¼ 0.009]. Lower baseline BMI [β coefficient
(95%CI): 0.100 (�0.035, 0.235), p ¼ 0.146] was risk factor significantly
associated with larger FH BMD decrease. There was a slight association
between lower baseline CD4þ cell count and larger TBS decrease [β
coefficient (95%CI): 0.005 (0.001, 0.009), p ¼ 0.061].

In the multivariable model including baseline age, BMI, HIV viral
load, TDF exposure and LPV/r exposure, higher baseline HIV viral load
and TDF exposure were significantly associated with larger BMD
decrease at each site during the first 48 weeks. Additionally, the use of
LPV/r was significantly associated with decreased TH BMD [β coefficient
(95% CI): �1.367 (�2.260, �0.474), p ¼ 0.003]. In the lumbar spine,
there was a significant association between lower baseline BMI and
greater BMD loss [β coefficient (95% CI): 0.205 (0.045, 0.365), p ¼
0.012] (Table 3).

In the multivariable model including baseline age, BMI, HIV viral load
and combination usage of TDF þ LPV/r, more significant associations
were observed between combination usage of TDF þ LPV/r and larger
declines in BMD [β coefficient (95% CI): LS BMD: �3.177 (�5.641,
�0.714), p ¼ 0.012, FN BMD: �2.873 (�5.380, �0.365), p ¼ 0.025, and
TH BMD: �4.337 (�6.346, �2.328), p < 0.001].

Factors associated with lower baseline TBS included older age (per
10-year increment) [β coefficient (95% CI): �0.013 (�0.023, �0.004), p
¼ 0.007], lower baseline BMI [β coefficient (95% CI): 0.004 (0.001,
0.007), p ¼ 0.018] and female sex [β coefficient (95% CI): 0.043 (0.004,
0.081), p ¼ 0.029]. During the observation period, in the multivariable
model including baseline age, BMI, CD4þ T cell count, TDF exposure and
LPV/r exposure, both lower baseline BMI [β coefficient (95% CI): 0.237
(�0.005, 0.478), p ¼ 0.045] and lower baseline CD4þ cell count [β co-
efficient (95% CI): 0.005 (0.0005, 0.0104), p ¼ 0.032] were significantly
associated with larger decreases in TBS. No associations were found
between TBS changes and TDF or LPV/r exposure in our study (Table 3).
Even after adjusting for age, BMI and baseline CD4þ cell count, there was
no association remained between combination usage of TDFþ LPV/r and
percent change in TBS (p ¼ 0.384).

4. Discussion

This is the first longitudinal study to evaluate TBS and report change
in TBS as compared with change in BMD after initiation of ART in Asia
PWH. Both BMD and TBS decreased in the year following ART initiation.
We found that traditional risk factors such as old age, low BMI and female
sex were associated with low baseline TBS. Greater change in TBS over
one year was associated with lower baseline BMI and lower baseline
CD4þ cell count, but unlike BMD measures, it did not correlate with
treatment with different antiretroviral agents in our study population.

Our group has previously published two smaller studies reporting
longitudinal BMD changes among Chinese PWH. One small early study
evaluating data from 40 PWH (prior to inclusion of TDF in as part of first-
line regimens in the Chinese national free AIDS treatment program)
demonstrated that prior to ART, Chinese PWH had lower lumbar spine
BMD compared with healthy controls. During the first 48 weeks after
ART initiation, BMD of lumbar spine (2.10%), femoral neck (3.28%), and
total hip (1.78%) decreased significantly [15]. In a recent study focused
on understanding the impact of TDF on BMD among Chinese PWH, we
found greater declines in total hip BMD among 136 Chinese PWH during
the initial 96 weeks of TDF-containing ART compared with patients
treated with non-TDF-containing ART [16]. Our present study adds to



Figure 1. Fig. 1-A is the lumbar spine DXA image (BMD: 1.074 g/cm2, Z-score: �0.2) and Fig. 1-B is the TBS image (TBS: 1.431) of a 26.1-year-old male, whose BMD
is within the expected range for age and TBS is normal; Fig. 1-C is the lumbar spine DXA image (BMD: 1.232 g/cm2, Z-score: �0.8) and Fig. 1-D is the TBS image (TBS:
1.189) of a 26.5-year-old male, his BMD is within the expected range for age but his TBS shows the degraded bone microarchitecture.

Table 3
Factors associated with percent change in lumbar spine, femoral neck, total hip BMD and TBS over the first 48 weeks in the multivariable linear regression analysis (N¼
233).

Variable Percent Change in Lumbar Spine
BMD

Percent Change in Femoral Neck
BMD

Percent Change in Total Hip BMD Percent Change in TBS

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

Age (per 10-year
increment)

�0.379 (�0.879, 0.121) 0.136 0.008 (�0.499, 0.515) 0.975 �0.170 (�0.569, 0.230) 0.403 �0.472 (�1.207,
0.263)

0.207

BMI 0.205 (0.045, 0.365) 0.012 0.111 (�0.051, 0.274) 0.177 0.060 (�0.067, 0.188) 0.352 0.237 (�0.005, 0.478) 0.045
CD4 þ T cell count NA NA NA NA NA NA 0.005 (0.0005,

0.0104)
0.032

HIV viral load �1.174 (�2.049,
�0.298)

0.009 �1.716 (�2.605,
�0.827)

<0.001 �1.240 (�1.939,
�0.541)

0.001 NA NA

TDF exposure �1.392 (�2.334,
�0.451)

0.004 �1.096 (�2.052,
�0.140)

0.025 �1.409 (�2.162,
�0.657)

<0.001 �0.516 (�1.984,
0.952)

0.489

LPV/r exposure �0.635 (�1.753, 0.483) 0.264 �1.084 (�2.220, 0.051) 0.061 �1.367 (�2.260,
�0.474)

0.003 �0.048 (�1.733,
1.677)

0.956

Abbreviations: CI, confidence interval; NA, not applicable (denotes p � 0.20 in the univariate analysis); BMD, bone mineral density; TBS, trabecular bone score; BMI,
body mass index; TDF, tenofovir disoproxil fumarate; LPV/r, lopinavir/ritonavir.
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this body of knowledge by specifically evaluating changes in TBS and
evaluating the association of two ART agents (TDF and LPV/r) that are
staples of ART in China and commonly used in other low- and
middle-income countries for treatment of HIV.

Currently, American and European guidelines exist for the evaluation
and management of bone disease in PWH [21,22]. However, in Asia,
including China, locally appropriate guidelines for screening for osteo-
porosis and fragility fracture are still not available due to the paucity of
primary data in these populations on the epidemiology, mechanisms, and
prevention strategies for these outcomes. In our clinic, DXA availability
and integration into clinical care occurred originally as a means of
screening for lipodystrophy when stavudine was used as first-line therapy
prior to 2012. However, there is a wide resource variability across China.
To this end, our team has also been collaborating with a national network
of HIV research centers in China to address the gaps in knowledge with
regards to aging-related comorbidities among PWH including bone dis-
ease [2], with the goal of ultimately developing evidence-based guide-
lines appropriate for HIV-care settings in China.

Compared to the large number of studies evaluating BMD among
PWH, only a limited number of studies have focused on TBS in this
population. While BMD provides information regarding the bone mass,
bone strength and risk for fracture are also influenced by other structural
skeletal determinants, such as bone microarchitecture and geometry.
Modalities such as quantitative computed tomography (QCT) [23],
microindentation [24], high resolution peripheral quantitative computed
tomography (HRpQCT) [25] and quantitative ultrasound [26] provide
detailed in vivo information regarding microarchitecture. For example,
QCT is an alternative method to evaluate 3-dimensional volumetric
density measurements and allows for measures of cortical and trabecular
bone separately. The 3-dimensional volumetric density measured by QCT
is closely related to vertebral fragility fracture, so QCT is an effective
technique to accurately discriminate vertebral fragility fracture.
Compared with DXA, the measurement of QCT is less influenced by
calcifications and degenerative changes in the spine. Thus, use of QCT
may provide additional information in PWH [23,27]. However, these
tools are not routinely available in clinical practice, even in high resource
settings. By contrast, TBS indirectly quantifies trabecular micro-
architecture by performing a gray-scale textural analysis of lumbar spine
DXA images [9]. A number of studies have shown that TBS correlates
with direct measures of trabecular microarchitecture such as HRpQCT
and bone biopsy [28,29], and predicts fracture risk independent of
DXA-derived BMD measures [20,28]. Another advantage of TBS is that
even though osteoarthritic changes can confound lumbar spine DXA
measurements, its severity has little effect on TBS [30]. Our study reports
that before ART initation, 19.3% of PWH had normal BMD but abnormal
TBS, which means approximately 20% of PWH with impaired bone
microarchitecture would not have been identified if DXAwere used alone
to assess for bone damage.

Only two prior studies have examined longitudinal change in TBS
among PWH on ART [12,23]. One study, by Güerri-Fern�andez and col-
leagues [24], reported a decrease in TBS of 2.5% among 40 Spanish PWH
(mean age: 38 � 9 years, 33% males) after one year of ART (elvite-
gravir/cobicistat þ TDF þ FTC), in contrast to the decrease in TBS of
1.6% observed in our study population. Potential explanations for this
discrepancy include differences in composition of the study population
(greater proportion of younger males in our study), ART regimens and
race. However, the decline in TBS among PWH in our study is higher than
that reported in the general population [31–33]. In the literature, a
decrease in TBS by 0.2%–0.5% per year has been reported in populations
aged 30–90 years in Hong Kong [31], Japan [32] and Thailand [33],
providing a basis of comparison. Therefore, our data suggest that the
decline in TBS reflects skeletal microstructure damage beyond that from
aging alone, but also due to other factors relevant to PWH.

We systematically investigated clinical and HIV-associated risk fac-
tors associated with change in BMD and TBS during the first 48 weeks.
The linear regression analyses examining the associations between the
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change in BMD and TBS over 48 weeks with TDF, LPV/r, and combina-
tion of TDF and LPV/r showed that the combination of TDF and LPV/r
was associated with greater BMD loss compared with either agent alone.
With regards to ART exposure, we did not find any significant association
between TBS over 48 weeks and different treatment groups. This was in
contrast to changes observed in BMD, underscoring that skeletal pa-
rameters may be differentially impacted by ART. McGinty et al. [10]
previously reported that exposure to PIs [β coefficient (95% CI): �0.051
(�0.087, �0.015), p ¼ 0.006], but not TDF [β coefficient (95% CI):
�0.023 (�0.065, 0.019), p ¼ 0.27] was independently associated with
lower TBS among 201 PWH (median age: 39 years, 59.2%males, median
ART duration: 2.7 years).

Prior studies have demonstrated a more pronounced loss of BMD after
exposure to TDF-containing ART compared to regimens without TDF [34,
35], a nucleotide reverse-transcriptase inhibitor, which is hypothesized
to affect bone metabolism and BMD through renal proximal tubule
dysfunction, leading to abnormal phosphaturia and osteomalacia [36],
and potentially secondary hyperparathyroidism mediated through ab-
errations in vitamin D metabolism [37]. In our study, use of LPV/r, a PI,
was also associated with BMD loss. PIs, in particular LPV/r, have been
associated with lower BMD and higher rates of fracture [38,39]. How-
ever, the mechanisms underlying PI-associated bone loss still remain to
be elucidated [40].

This study has some limitations that warrant mention. First, our study
represents data from a single tertiary care hospital in China, which limits
the generalizability of our findings. Additionally, the relatively small
sample size limited our ability to perform subgroup analyses. However,
given the dearth of longitudinal studies evaluating TBS among PWH on
ART, our findings are an important addition to the literature. Moreover,
because our study was a retrospective chart review, we were unable to
systematically collect information about bone turnover markers, data
regarding osteoporosis and fracture risk factors such as smoking and
alcohol status, and personal or parental risk of fractures, which could
affect bone health. Finally, our study only explored the influence of
exposure to TDF and LPV/r, however we selected two agents according to
China national guidelines for HIV/AIDS treatment and compelling rea-
sons from the perspective of bone health.

5. Conclusions

We present the first longitudinal analysis of change in TBS over 48
weeks compared with BMD among Chinese PWH receiving ART. Before
ART initiation, approximately 20% of PWH with impaired bone micro-
architecture would not have been identified if DXA were used alone to
assess for bone damage. Both BMD and TBS decreased after one-year
ART. Lower baseline BMI and lower baseline CD4þ cell count may be
associated with greater declines in TBS. More research is needed to
confirm these findings, and better understand if there is a potential role
for TBS in evaluation and monitoring of bone health in ART-treated
PWH. Finally, future multi-center prospective studies with larger sam-
ples and longer duration of follow up should to explore whether TBS and
BMD differentially contribute to fracture risk prediction among PWH.
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