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Abstract
Introduction: Low bone mineral density (BMD) has been described as
a non-AIDS-related event in human immunodeficiency virus (HIV)-patients,
but it is poorly studied by dual-energy X-ray absorptiometry (DXA) and trabecular bone score (TBS) in young HIV-infected men who have received no
previous antiretroviral treatment (ART).
Material and methods: A retrospective study of 56 naïve-HIV-infected men
under 50 years old with recently diagnosed HIV infection, between May
2012 and July 2017.
Results: The mean age was 33.11 ±6.6 years, and they were 56.4% Caucasian and 43.6% Latin American. Regarding lifestyle and risk factors, 57% had
previous exposure to tobacco and 31% reported drug use. Low BMD (Z-score
< –2.0) was found in 21.4% of the patients, and partially degraded and degraded in 25% and 1.7%, respectively in TBS. We find significative prevalence
of bone involvement among naïve HIV-infected men under 50 years old.
Conclusions: Further studies are necessary to evaluate if BMD assessment
should be recommended in young HIV-infected patients.
Key words: trabecular bone score, 3D-DXA, human immunodeficiency virus,
naïve, bone mineral density.

Introduction
Since the introduction of the first antiretroviral drugs, the life expectancy of patients infected with the human immunodeficiency virus (HIV) has increased substantially; in fact, a significant decrease in
morbidity and mortality has largely closed the gap in life expectancy
between HIV patients and the general population [1]. Factors such
early diagnosis and initiation of antiretroviral treatment (ART) and appropriate adherence to therapy play a fundamental role in the clinical
course of the disease.
Within this context, several chronic diseases now present at inordinately high rates for the age of patients in this population, one of the
most prevalent being bone involvement and fracture. Low bone mineral
density is notably prevalent among HIV-infected adults: it is estimated
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that 60% of patients present osteopaenia (op) and
as many as 15% have osteoporosis (OP) [2–5].
Bone mineral density (BMD) values are a highly
useful diagnostic tool for OP and risk of fracture
and as a means of monitoring medical treatment.
dual-energy X-ray absorptiometry (DXA), which
measures the BMD of the lumbar spine, hip, and
forearm, is the only method of diagnosing OP in
patients who have not sustained a fragility fracture, and it is the best method of monitoring
changes in BMD over time [6]. Another method,
known as trabecular bone score (TBS), evaluates
variations through greyscale analysis of images
of the lumbar spine obtained with DXA, thereby
supplying information on the microstructure of
trabecular bone such as trabecular number, space,
and connective density. A high TBS represents
a resilient microstructure, while a low TBS indicates heterogeneous bone and a more porous trabecular network with lower bone strength [7–9].
TBS provides information on the risk of bone fracture independently of BMD [10]. The recent development of 3D-SHAPER software, which performs
a 3-dimensional analysis of the femur using standard hip DXA scan, enables physicians to analyse
the cortical and trabecular bone separately, thus
making it possible to more fully characterize the
strength of the proximal femur.
In this study, we aim to provide information on
the bone characteristics of HIV-infected patients
under 50 years of age who are naïve to ART, and to
study the association between the bone of these
individuals and previously established, traditional
risk factors.

Material and methods
Study design
This retrospective study was carried out by
members of the Infectious Disease Unit, Metabolic Bone Disease Unit, and Bone and Joint Research
Unit of Hospital Universitario Fundación Jiménez
Díaz (Madrid, Spain). Fasting blood samples and
DXA images were obtained before patients began ART. The hospital research ethics committee
approved the study (PIC155/2016, EO034/2014),
which was conducted in compliance with the tenets of the Declaration of Helsinki.

Patients
We included male patients between the ages
of 18 and 50 years, who presented to the Hospital
Universitario Fundación Jiménez Díaz Infectious
Disease Unit between May 2012 and July 2017
with recently diagnosed HIV infection. Patients
were excluded if they had received previous ART;
presented secondary causes of OP such as chronic
kidney disease, thyrotoxicosis, rheumatic disease,

advanced liver disease, malabsorption syndrome,
cancerous growths, bone diseases, previous fragility fracture; or if they had received medication
that alters bone metabolism such as systemic glucocorticoids or antiosteoporotic drugs.
Demographic data were obtained for each patient, including country of origin, age, body mass
index (BMI), lifestyle habits such as tobacco, alcohol, and drug consumption, physical exercise, and
comorbidities (hepatitis B and/or C infection). Low
weight was defined as a BMI of under 20 kg/m2.
Tobacco use was determined as past or present
smoking; alcohol intake at or above 30 g/day was
interpreted as alcohol abuse; and drug abuse was
established as consumption one or more times
per week. Regular exercise was considered to be
3 or more times a week, and a healthy diet was
determined as 3 servings per day of calcium-rich
foods .

Biochemical analysis
The following values were obtained from patients while fasting: 25-OH vitamin D (25OHD)
(30–50 ng/ml), thyroid-stimulating hormone (TSH)
(0.35–5.5 mUI/ml), parathyroid hormone (PTH)
(10–70 pg/ml), calcium (Ca) (8.7–10.4 mg/dl),
phosphorus (P) (2.5–4.5 mg/dl), and alkaline
phosphatase (AP) (45–129 UI/l). Additionally,
we measured markers of bone metabolism, i.e.
carboxy-terminal telopeptide of type 1 collagen
(CTX) (0.064–0.5 ng/ml) and procollagen type 1
N-terminal propeptide (P1NP) (10.4–62 ng/dl).
All measurements were taken using the Advia
2400 system (Siemens®, Munich, Germany). Immunovirological parameters such as CD4+, CD8+
(measured by flow cytometry), and viral load of
HIV-1 were measured by PCR (Roche, Basel, Switzerland).

Bone mineral density
BMD was measured using DXA images (Hologic
QDR 4500C. S/N 48027. Bedford, MA, USA) taken
of the lumbar spine (LS) from L2 to L4, femoral
neck (FN), and total hip (TH). Results are expressed
in accordance with the criteria of the WHO; because our study sample comprised patients under
the age of 50 years, we used Z-score, estimating
all values below –2.0 to be low BMD [11, 12].

Trabecular bone score and DXA-based 3D
modelling
TBS was measured by applying TBS iNsight
software (version 3.0; Medimaps Group, Geneva,
Switzerland) when interpreting DXA images of the
LS. These calculations were based on mean lumbar measurements for vertebrae L2-L4 with the
following reference values: TBS ≥ 1.350 was con-

Arch Med Sci Civil Dis 2021e53

Patricia Atencio, Rosa Arboiro-Pinel, Alfonso Cabello, Francisco M. Conesa-Buendía, Miguel Górgolas, Aránzazu Mediero, Manuel Díaz-Curiel

sidered normal, a TBS between 1.350 and 1.200
indicated partially degraded microarchitecture,
and TBS ≤ 1.200 represented degraded microarchitecture [7].
We performed 3-dimensional analyses of the
proximal femur using 3D-SHAPER® software (version 2.9.0; Galgo Medical, Spain) to create specific
models based on DXA studies and then separately
calculated the volumetric density (vBMD) of the
trabecular and cortical bone (mg/cm3). Calculations were also made for Integral vBMD (mg/
cm3), which measures the mean volumetric density of the trabecular and cortical compartments,
providing an indicator of the overall strength of
the proximal femur. Cortical surface BMD (cortical sBMD), measured in mg/cm2 and calculated by
multiplying the cortical thickness (Cth) in cm by
the cortical vBMD (mg/cm3), is related to cortical
bone strength: the thicker and/or denser the cortical bone, the greater the cortical surface density.

Statistical analysis
Qualitative variables are expressed as frequency and percentage values, and quantitative data
appear as mean and standard deviation or median
and interquartile range, depending on the degree
of symmetrical distribution. All the comparisons
of quantitative variables were made with the
Mann-Whitney U, and the comparisons of qualita-

tive variables with the c2 or Fisher’s exact test. Statistical significance was set at p-values < 0.05. All
analyses were carried out in R 3.6.2 (R: a language
and environment for statistical computing. R Foundation for Statistical Computing. Vienna, Austria).

Results
Fifty-six male, ART-naïve patients with HIV infection were studied. Their average age was 33.1
±6.6 years and they had an average BMI of 23.3
±2.4 kg/m2; 64.2% were Caucasian and 33.9%
were Latin American (Table I). Regarding socio-epidemiological factors, 57% reported tobacco use,
7% consumed excessive amounts of alcohol (over
30 g/day), and 31% abused drugs (Table I). As for
comorbidities, none of the patients were positive
for hepatitis B or C infection (HBVsAg+ and HCV
Ab+, respectively).
Regarding biochemical data (Table II), all patients had normal values for PTH, AP, and TSH. Median measurements for CTX and P1NP were as follows: 0.2 ng/ml and 47.1 ng/ml, respectively; both
parameters discretely increased in the group with
low BMD (0.3 ng/ml and 54.4 ng/ml, respectively).
The median 25-hydroxyvitamin D concentration in
all patients was 21.5 ng/ml, this parameter being
lower in the group with low BMD (14.6 ng/ml),
without statistical significance. This difference
did not reach statistical significance. CD4 count

Table I. Demographic and anthropometric data
Variable

Total

Normal BMD

Low BMD

P-value

Age [years]

33.1 ±6.6

33.4 ±6.4

31.9 ±7.1

0.555

BMI [kg/m ]

23.3 ±2.4

23.4 ±2.4

22.7 ±2.4

0.536

No

14 (40.0%)

12 (40.0%)

2 (40.0%)

Yes

20 (57.1%)

17 (56.7%)

3 (60.0%)

1 (2.9%)

1 (3.3%)

0 (0.0%)

No

27 (93.1%)

19 (90.5%)

8 (100%)

Yes

2 (6.9%)

2 (9.5%)

0 (0.0%)

No

19 (65.5%)

13 (59.1%)

6 (85.7%)

Yes

9 (31.0%)

8 (36.4%)

1 (14.3%)

Former consumer

1 (3.4%)

1 (4.5%)

0 (0.0%)

No

6 (40.0%)

4 (40.0%)

2 (40.0%)

Yes

9 (60.0%)

6 (60.0%)

3 (60.0%)

2

Tobacco:

Former smoker

1.000

Alcohol:

1.000

Drugs:

0.523

Exercise:

1.000

Origin:
Latin American

24 (43.6%)

16 (37.2%)

8 (66.7%)

Caucasian

31 (56.4%)

27 (62.8%)

4 (33.3%)

0.136

BMI – body mass index.
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Table II. Description of biochemical variables
Variable

Total
Median (IR)

Normal BMD
Median (IR)

Low BMD
Median (IR)

P-value

25OHD [ng/ml]

21.5 (12.49)

21.9 (12.94)

14.6 (11.47)

0.153

TSH [uUI/ml]

1.6 (1.130)

1.6 (1.250)

1.9 (0.853)

0.597

PTH [pg/ml]

39.3 (18.25)

40.3 (18.70)

39.0 (2.600)

0.866

Ca [mg/dl]

9.5 (0.600)

9.4 (0.550)

9.5 (0.450)

0.372

P [mg/dl]

3.3 (0.750)

3.2 (0.750)

3.4 (1.100)

0.521

AP [UI/l]

66.0 (19.50)

65.5 (18.00)

71.5 (32.25)

0.473

CD4 [cells/l]

491.5 (382.8)

491.5 (386.0)

481.5 (393.0)

0.646

CD4/CD8 ratio

0.440 (0.312)

0.440 (0.272)

0.430 (0.410)

0.811

47.709 (65891)

52.780 (73879)

14.268 (37609)

0.104

CTX [ng/ml]

0.2 (0.216)

0.2 (0.152)

0.3 (0.226)

0.273

P1NP [ng/ml]

47.1 (22.10)

47.1 (20.60)

54.5 (42.12)

0.441

Viral load copies/ml

25OHD – 25-OH vitamin D, TSH – thyroid-stimulating hormone, PTH – parathyroid hormone (PTH), Ca – calcium, P – phosphorus, AP –
alkaline phosphatase, CD4 – CD4 T cells, CTX – carboxy-terminal telopeptide of type 1 collagen, P1NP – procollagen type 1 N-terminal
propeptide.

showed a median concentration of 491.5 cells/l,
and the CD4/CD8 ratio was 0.440. Median viral
load was 47.709 copies/ml (Table II). The other parameters were within normal range.

Densitometric analysis
A Z-score below the normal range (less than
–2.0) was obtained in 21.4% of the patients
studied (Table III). Table IV shows the overall results of the densitometric study and establishes
a comparison between 2 subgroups based on the
Z-score. Densitometric study revealed a mean
BMD of 0.977 and 0.869 g/cm2 in the TH and FN,
respectively. The mean BMD of the LS was 1.006
g/cm2.
We found a mean TBS of 1.401 ± 0.088 (Table IV); 73% of the patients studied had a normal
microarchitecture, 25% had partial deterioration
of the microarchitecture, and 1.7% presented fully
Table III. DXA/TBS characteristics
Variable

N

%

Normal

44

78.6

Low BMD

12

21.4

Normal

38

73

Partially degraded

17

25

Degraded

1

1.7

DXA:
Z-score

deteriorated microarchitecture (Table III). Regarding the TBS images displayed in Figures 1 A, B,
panel A shows a normal TBS (1.604), while panel B
shows the most severe deterioration observed in
our sample (1.166).
As for the 3D analytical parameters used to
determine femoral density, the following mean
values were obtained: trabecular vBMD: 221.7
±36.48 mg/cm3; cortical vBMD: 797.4 ±50.98
mg/cm3; integral vBMD: 345.4 ±47.75 mg/cm3;
Cth: 2.076 ±0.199 mm; and cortical sBMD: 165.9
±22.14 mg/cm2 (Table IV). Figures 1 C, D contains
the 3D-DXA image corresponding to the highest
and lowest cortical sBMD readings, respectively.
Greater bone involvement can be concluded in
all imaging tests of the Low BMD group, having
statistical significance with respect to the group
with normal BMD.

Comparison of densitometric results
An analysis of the association between TH BMD
and each of the 3D-DXA parameters revealed
a strong correlation (95% CI, p < 0.001) with cortical sBMD (0.95), trabecular vBMD (0.89), integral
vBMD 0.89), and Cth (0.87) (Figure 2). When we
compared BMD of the femoral neck, we found this
value to be correlated with cortical sBMD (0.80)
and trabecular vBMD (0.80) (Figure 3).

TBS:

DXA – dual-energy X-ray absorptiometry, TBS – trabecular bone score.

Discussion
The results of this study show that males under 50 years of age, HIV-infected, with no previous
ART present bone involvement. Furthermore, the
patients studied here presented risk factors for
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Table IV. Densitometric data
Variable

Total
Mean ± SD

Normal BMD
Mean ± SD

Low BMD
Mean ± SD

P-value

LS BMD

1.006 ±0.120

1.045 ±0.105

0.868 ±0.047

< 0.001

TH BMD [g/cm2]

0.977 ±0.115

1.004 ±0.113

0.879 ±0.054

< 0.001

FN BMD [g/cm ]

0.869 ±0.113

0.884 ±0.119

0.816 ±0.069

0.051

TBS

1.401 ±0.088

1.426 ±0.076

1.312 ±0.071

< 0.001

Cortical sBMD [mg/cm2]

165.9 ±22.14

170.6 ±21.59

148.8 ±14.83

0.003

Trabecular vBMD [mg/cm3]

221.7 ±36.48

227.1 ±38.22

201.9 ±19.97

0.034

Integral vBMD [mg/cm ]

345.4 ±47.75

353.0 ±48.93

317.4 ±30.90

0.029

Cortical vBMD [mg/cm3]

797.4 ±50.98

808.9 ±46.48

755.2 ±45.56

0.002

Cth [mm]

2.076 ±0.198

2.105 ±0.199

1.970 ±0.162

0.036

2

3

LS BMD – lumbar spine bone mineral density, TH BMD – total hip bone mineral density, FN BMD – femoral neck bone mineral density,
TBS – trabecular bone score, Cortical sBMD – cortical surface bone mineral density, Trabecular vBMD – trabecular volumetric bone mineral
density, Integral vBMD – integral volumetric bone mineral density, Cortical vBMD – cortical volumetric bone mineral density, Cth – cortical
thickness.

A

B

C

D

Figure 1. Differences among normal and affected TBS and 3D-DXA. A – TBS with normal microarchitecture (1.604).
B – TBS corresponding to a patient with degraded microarchitecture (1.159). C – 3D-DXA Image corresponding to
the highest and lowest. D – cortical sBMD in the series
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A

B

Coef. (95% CI) = 0.95 (0.91–0.97)
P-value < 0.001

315.6

Trabecular vBMD [mg/cm2]

Cortical sBMD [mg/cm2]

212.5

190.2

168.0

145.7

123.4
0.89
1.00
Total hip BMD [g/cm2]

1.12

239.0

200.7

1.23

0.77

D

Coef. (95% CI) = 0.89 (0.82–0.94)
P-value < 0.001

2.60

409.5

2.38

359.3

1.93

258.8

1.71
0.89
1.00
Total hip BMD [g/cm2]

1.12

1.12

1.23

1.12

1.23

2.15

309.1

0.77

0.89
1.00
Total hip BMD [g/cm2]

Coef. (95% CI) = 0.87 (0.79–0.92)
P-value < 0.001

459.8

Cth [mm]

Integral vBMD [mg/cm2]

277.3

162.4
0.77

C

Coef. (95% CI) = 0.89 (0.82–0.93)
P-value < 0.001

1.23

0.77

0.89
1.00
Total hip BMD [g/cm2]

Figure 2. Correlations between total BMD and 3D parameters. A – Correlations between cortical sBMD and total
hip BMD. B – Correlations between trabecular vBMD and total hip BMD. C – Correlations between integral vBMD
and total hip BMD. D – Correlations between Cth and total hip BMD.

A

B

Coef. (95% CI) = 0.80 (0.68–0.88)
P-value < 0.001

315.6

Trabecular vBMD [mg/cm2]

Cortical sBMD [mg/cm2]

212.5

Coef. (95% CI) = 0.80 (0.68–0.88)
P-value < 0.001

190.2

168.0

145.7

123.4

277.3

239.0

200.7

162.4
0.63

0.77
0.91
Femoral neck BMD [g/cm2]

1.05

1.2

0.63

0.77
0.91
Femoral neck BMD [g/cm2]

1.05

1.2

Figure 3. Correlations between femoral neck BMD and 3D parameters. A – Correlations between cortical sBMD and
femoral neck BMD. B – Correlations between trabecular vBMD and femoral neck BMD
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Figure 4. Trabecular Bone Score and 3D-DXA in young antiretroviral treatment-naïve patients. Summary of data.

bone involvement such as alcohol and drug use
and a sedentary lifestyle as well as insufficiently
high levels of vitamin D (Figure 4).
Several studies have reported that patients living with HIV infection have a higher risk of fracture
than the general population [4, 13–16]. Though
BMD is a key tool for assessing bone health, in certain clinical situations such as HIV infection, deterioration of bone quality is a more relevant factor
than bone density [14]. Application of noninvasive,
qualitative means to evaluate bone microarchitecture such as TBS and 3D modelling may be of use
in assessing the risk of fracture in this population.
Most available data on BMD in subjects with HIV
infection have used T-score criteria to assess osteoporosis and osteopaenia, revealing a prevalence
of 15% and 52%, respectively [17, 18]. In our research, as the mean age of the subjects studied
was 33.1 ±6.6 years, the Z-score was considered
the most appropriate statistical method of determining BMD in this population, thus reflecting the
criteria of the ISCD [12]; through these means,
21.4% of the patients were found to have a low
BMD, which is similar to the rate found by Paccou
et al. [19] and higher than that reported by other
studies in young patients [18, 20].
Regarding TBS of the lumbar spine, 25% of the
patients in our sample presented partially deteriorated bone microarchitecture, 1.7% showed full
deterioration, and the rest (73%) had a normal
microarchitecture (Table III). A literature search
yielded few studies like ours performed in young
treatment-naïve HIV patients, one exception being that of Güerri-Fernández et al., who studied
40 patients with a mean age of 38 years, 18 of
whom (45%) were found to have a low BMD on
DXA imaging and a mean TBS of 1.357 [21].
We believe that the use of TBS is relevant when
evaluating these patients, because it is a measure
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that is related to bone quality and correlates more
closely with risk of fracture than BMD, which is
a more useful indicator of bone-mass quantity. In
a study by Ciullini et al. [18] using patients with
a mean age of 43 years undergoing stable ART,
12.8% of whom had a lower BMD compared to
the average for their age, the authors found no
significant difference in the association between
fractures of the vertebra and BMD, although patients with low TBS showed a greater prevalence
of fracture, and this difference reached statistical
significance (p = 0.003).
Yin et al. [22] studied patients between 20 and
25 years of age, who were receiving stable ART
regimens, comparing these to individuals not infected with HIV; the authors reported a significant
decrease in total vBMD at the radius and tibia,
mostly owing to a deficit in the trabecular compartment. Although no differences were found
in cortical vBMD, patients with HIV infection had
a significantly lower cortical thickness and markedly abnormal trabecular microarchitecture in
both the radius and tibia.
There are no reference data that can be used
when evaluating the features of cortical and trabecular bone from 3D-DXA images. In 2016 a paper was presented before the conference of the
Spanish Society for Bone and Mineral Research,
which examined 571 healthy women between
the ages of 20 and 100 years; the authors describe a peak in trabecular vBMD of 0.158 ±0.04
g/cm3 at age 35 years, a peak cortical vBMD of
1.052 ±0.018 g/cm3 at age 45 years, and a peak
Cth at age 45 years of 1.90 ±0.20 mm. These were
proposed as reference values for use in clinical
settings [23]. If these values are applied to our
sample of males for guidance, we see that the
patients we studied had a higher mean trabecular vBMD, similar Cth values, and a lower mean
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cortical vBMD. We reach similar conclusions if we
use as reference values the 3D-DXA images from
the group of 104 healthy controls (16 male patients, mean age: 54.1 ±12) included in a study
on HIV-negative patients. Comparing our population to the control group in the aforementioned
study, our patients had lower mean cortical vBMD
(870.85 (90.8) mg/cm3) and similar cortical sBMD
(171.58 (23.9) mg/cm2) [24]. A control group in
a Spanish study [25] comprising 76 healthy individuals with characteristics that more closely
resemble those of our population (i.e. 50% male,
mean age of 33 ±10 years, mean BMI 24 ±3.4 kg/
m2) than the previously mentioned studies presented mean values for cortical sBMD (164 ±22
mg/cm2), trabecular vBMD (216 ±40 mg/cm3),
cortical (809 ±43 mg/cm3) and integral vBMD
(345 ±51 mg/cm3), and Cth (2.02 ±0.2 mm) that
are consistent with those of our population.
In our study, the median vitamin D was 21.54
ng/ml, which was lower in the group with low
BMD (14.61 ng/ml). A study by Ceballos et al.
[26], which evaluated vitamin D levels in 70 treatment-naïve HIV patients with a mean age of 31
years (range: 19–50) and included a control group
comprising 21 healthy volunteers, found deficient
levels of vitamin D in 66% of patients and 48% of
controls; a comparison of mean 25OHD between
patients and controls showed significantly low
levels among those with HIV infection (p = 0.04).
Our study has a number of limitations, including its retrospective, single-centre design and the
small sample size used. Future prospective studies would further contribute to the knowledge of
bone health at early ages in HIV.
In conclusion, our study confirms significative
prevalence of bone involvement among adult patients under 50 years, with HIV infection and the
correlation between the findings of more novel
imaging-based tests such as TBS and 3D-DXA. In
light of these results, we believe it would be beneficial to provide HIV patients with calcium and
vitamin D supplements where required, because
doing so would help limit the influence of prevalent risk factors in this population.
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