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Abstract

Background: HIV-infected patients are at higher risk of developing
osteoporosis. Our objective was to determine the prevalence of osteoporosis in
a population of HIV-infected patients under cART and to evaluate its
relationship with several risk factors, including body composition [lipodystrophy

defined by Fat Mass Ratio (FMR) and different groups of body fat distribution].

Methods: Cross-sectional study of 126 HIV-infected patients on cART. The
BMD was measured at the lumbar spine, hips and total body using DXA.
Lipodystrophy defined by FMR was defined as the ratio of the percentage of
trunk fat mass to the percentage of lower limb fat mass by DXA. We compared
demographic, HIV-related, anthropometric, metabolic, hormonal and renal
factors for their associations with osteoporosis using the chi-square or Fisher's
exact test and for their associations with total, lumbar spine and femur BMD
using the Spearman correlation coefficients.

Results: Osteoporosis was present in 15.9% of HIV-infected patients.
Osteoporotic patients had lower hip circumference, higher total testosterone
and higher urea levels. Lipodystrophy defined by FMR and the different groups
of body composition did not present significantly differences concerning
osteoporosis/osteopenia and total, lumbar spine and femur BMD. Total BMD
was positively correlated with diastolic blood pressure, weight, height, neck
circumference, hip circumference, FMR and negatively correlated with SHBG
levels. Spine BMD was positively correlated with systolic blood pressure,
weight, height, BMI, neck circumference, upper-arm circumference, waist
circumference, hip circumference, FMR, total testosterone, free testosterone

and negatively correlated with total cholesterol, HDL cholesterol, SHBG and 25-
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OH vitamin D3. Femur BMD was positively correlated with weight, neck
circumference, abdominal circumference, hip circumference, FMR and
negatively correlated with age, duration of HIV infection, length of CART, SHBG
and urea levels. SHBG was independently associated with total and lumbar
spine BMD, while age and urea were independently associated with femur

BMD.

Conclusions: Osteoporotic HIV-infected patients have lower hip circumference
than non-osteoporotic patients. Lipodystrophy and different groups of body fat
distribution do not seem to play an independent role in the development of
osteoporosis. SHBG is independently related to total and spine BMD, while
older age and higher urea levels are independent risk factors for decreased

femur BMD.

Keywords: Osteoporosis, body composition, lipodystrophy

Background

Over the past two decades, there have been substantial advances in the
treatment of Human Immunodeficiency Virus (HIV) infection. Increased
accessibility and widespread combination antiretroviral therapy (cART) has
significantly prolonged life expectancy in HIV-patients but, with that, also long-
term exposure to cART toxicities and the virus itself. As a consequence, a large
number of metabolic comorbidities have emerged, including lipodystrophy,

insulin resistance, diabetes, dyslipidemia, cardiovascular disease, and



osteoarticular manifestations such as osteoporosis, osteopenia and fractures [1,

2].

There is clear evidence from cross-sectional studies that those with HIV are at
higher risk of developing reduced bone mineral density (BMD) compared with
non-HIV-infected individuals [3]. Multiple risk factors are involved but underlying
mechanisms are still incompletely elucidated. In addition to traditional risk
factors that have been characterized in the general population - older age, low
body mass Index (BMI), inadequate physical activity, previous fracture,
smoking, alcohol abuse, glucocorticoid-therapy, hypogonadism, menopause,
hypovitaminosis D - there are risk factors specifically associated with HIV
infection: cART, low CD4 count, chronic inflammation, co-infection with hepatitis
C or hepatitis B, renal disease or diabetes [1, 2, 4-7]. There are also some
evidences describing that low BMD could be related to lipodystrophy [8-11], but
it is still controversial [4].

This study aims to determine the prevalence of osteoporosis in a population of
HIV-infected adult patients under cART, in a single-site hospital and to evaluate
its relationship with several risk factors, including lipodystrophy defined by fat

mass ratio (FMR) and different groups of body fat distribution.

Methods

Subjects

As part of a cross-sectional cohort study, 126 HIV-infected Caucasian adults, 64

men and 62 women, non-institutionalized, were evaluated at the Endocrinology



Outpatient Department of Sdo Joado Hospital. Patients were consecutively
referred from the Infectious Diseases Department between January/2008 to
March/2016 and were included in the first visit. The patients were on cART. The

study protocol was approved by the Hospital Ethics Committee for Health.

Clinical assessment

For all patients, the following information was collected, using a standardized
protocol: sex, age, time since HIV diagnosis, risk factor for HIV transmission,
transmission mode, type and duration of cCART exposure, CD4" plasmatic count,
smoking history (current, past, or never) and alcohol consumption (yes or no).
The “Centers for Disease Control and Prevention” criteria were used for

classifying the degree of infection [12].

Height was measured in the standing position, using a wall stadiometer (Holtain
Limited Crymych, Dyfed®) and body weight was measured using the TANITA
(Tanita®, model TBF 300) scale. Circumferences of neck, waist, hip, thigh and
arm, and blood pressure were measured using the current recommendations

[13, 14].

BMI was calculated as weight divided by height squared (kg/m?). Clinical
lipodystrophy was assessed by both patient and practitioner, and was defined
as peripheral lipodystrophy, with or without central fat accumulation [14].
Abdominal prominence (central obesity) was defined by a waist circumference
>102 cm for men and > 98 cm for women, as defined by NCEP-ATP Ill modified
criteria for metabolic syndrome [15]. All clinical assessments were performed by

the same observer.



Evaluation of body composition

Patients were classified into four different groups: (1) No lipodystrophy (patients
without clinical lipoatrophy and without abdominal prominence); (2) Isolated
central fat accumulation (patients without clinical lipoatrophy and with
abdominal prominence); (3) Isolated lipoatrophy (patients with clinical
lipoatrophy and without abdominal prominence) and (4) Mixed forms of
lipodystrophy (patients with clinical lipoatrophy and with abdominal prominence)

[13].

BMD was assessed with whole-body dual-energy X-ray absorptiometry (DXA —
Lunar Expert XL). DXA measurement was performed while the patient was in a
supine position, with standard position of the arms and feet. BMD was
measured on specific anatomic sites: the lumbar spine (L1-L4) and the hips
(femoral neck), and it was reported as T and Z scores. The World Health
Organization (WHO) classification for bone demineralization was used for
diagnosis purposes of osteoporosis [T score <-2.5 standards deviation (SDs)]
and for the diagnosis of osteopenia (T score between -1 and -2.5 SDs) [16, 17].
Regional fat mass values were grouped and analyzed for the following
anatomical regions: arms, legs, trunk and total body. The FMR is the ratio of the
percentage of the trunk fat mass to the percentage of the lower limb fat mass
(FMR =% of the trunk fat mass/ % of the lower limb fat mass) [18]. We define
lipodystrophy by FMR using the cut-off value of 1.961 threshold for men and
1.329 for women [19]. The quantification of total, visceral and peripheral fat was
performed with a 64-slice computed tomography scanner (Siemens Sensation
64 Cardiac) with the same technique as previously described [20]. All values

were expressed in cm? rounded to the nearest centesimal.



Laboratory analysis

A venous blood sample was drawn after a 12-hour overnight fast. All the
samples were analyzed at the central laboratory of our hospital. The CD4" cells
count was determined by flow cytometry. Glycosylated hemoglobin (HbA1c)
was measured by Variant |l Turbo (Bio-Rad). We measured total cholesterol,
low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL)
cholesterol, triglycerides, lipoprotein (a), urea, creatinine, calcium, phosphate
and magnesium using Olympus AU5400 (BecKman Coulter). Total
testosterone, free testosterone, sex hormone binding globulin (SHBG),
luteinizing hormone (LH), follicle-stimulating hormone (FSH), parathyroid
hormone (PTH) and 25-OH vitamin D3 were determined using Cobas e411
(Roche Diagnostic). Leptin was measured using bead-based multiplex assay
(Luminex). Fibrinogen was measured using Cobas t411 (Roche Diagnostic).
Insulin-growth factor 1 (IGF-1) was measured using Immulite 2000 (Siemens).
Thyroid-stimulating hormone (TSH), triiodothyronine (T3) and thyroxine (T4)
were measured using Architect i2000 SR (Abbot). These were the criteria for
the definition of gonadal status: testosterone deficiency was defined based on a
serum total testosterone below 2.8 ng/mL and/or a calculated free testosterone

levels, according to Vermeulen formula, below 6.5 pg/mL [21].

Measurements of insulin resistance

Insulin resistance was defined by the homeostasis model assessment of insulin

resistance (HOMA), using the following formula:

HOMA — IR index = (insulin x glucose)/22.5 [22].



Statistical analysis

Data were described as mean and SD for quantitative variables, and were
compared using Student-t and ANOVA or Mann—-Whitney and Kruskall-Wallis
tests, as appropriate. Categorical variables were described as counts and
proportions, and compared using the chi-square or Fisher’s exact test. To study
the association between BMD and clinical and metabolic characteristics,
Spearman correlation coefficients were estimated. Multiple linear regression
models were computed in order to estimate the associations between BMD and
clinical and metabolic characteristics, independently of selected confounders.
Statistical analysis was performed using SPSS version 24.0 software (SPSS
Inc., Chicago, lllinois, USA). All probabilities were two tailed and p values of

<0.05 were regarded as significant.

Results

The study comprised 126 patients under cART, including 64 males (50.8%) and
62 females (49.2%), with a mean age of 49.3 years. Firstly, we divided our
sample according to the presence of osteoporosis and 20 patients (15.9%) were

found to have this disease. The results are shown in Table 1.

No significant differences were observed between osteoporotic and non-
osteoporotic patients, regarding the sex, age, duration of HIV infection, HIV
stage, length of cART, class of antiretroviral drugs used, CD4 count, risk factors
for HIV transmission, drugs used, smoking history, alcohol consumption, co-

infection hepatitis C, hypertension, systolic and diastolic blood pressures.



Patients with osteoporosis had lower hip circumference (p=0.004). No
differences were observed concerning weight, height, BMI, neck circumference,
upper-arm circumference, abdominal circumference, waist circumference, total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, lipoprotein (a),

HbA1c, HOMA, leptin and fibrinogen.

Osteoporotic patients had higher total testosterone levels (p=0.001). However,
no differences were found about the presence of hypogonadism, free

testosterone, SHBG, LH and FSH.

Urea levels were higher in osteoporotic patients (p=0.028), but no differences
were found about creatinine, magnesium, calcium, phosphate, PTH, 25-OH

vitamin D3 and IGF-1.

No differences were found between osteoporotic and non-osteoporotic patients

regarding TSH, free T3 and free T4.

FMR was estimated for 75 patients, from whom, 23 (30.7%) patients were
classified as lipodystrophic and 52 (69.3%) patients were classified as non-
lipodystrophic. No differences were observed between HIV-infected patients
with and without FMR defined lipodystropy, regarding the presence of
osteopenia or osteoporosis and total, femur and spine BMD. Also, no
differences were found between the four groups of body fat distribution (no
lipodystrophy, isolated central fat accumulation, isolated peripheral lipoatrophy
and mixed forms of lipodystrophy) regarding the presence of osteoporosis or

osteopenia and total, femur and spine BMD (Table 2).

Lower total BMD was associated with lower diastolic blood pressure, lower

weight, lower height, lower neck circumference, lower hip circumference, lower



FMR and higher SHBG (Table 3). There was no association between total BMD
and age, duration of HIV infection, length of cART, CD4+ count, systolic blood
pressure, BMI, upper-arm circumference, abdominal circumference, waist
circumference, total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides,
lipoprotein (a), HbA1c, HOMA, leptin, fibrinogen, total testosterone, free
testosterone, LH, FSH, urea, creatinine, magnesium, calcium, phosphate, PTH,

25-OH vitamin D3, IGF-1 and TSH.

Lower spine BMD was associated with lower systolic blood pressure, lower
weight, lower height, lower BMI, lower neck circumference, lower upper-arm
circumference, lower waist circumference, lower hip circumference, higher total
cholesterol, higher HDL cholesterol, lower FMR, lower total testosterone, lower
free testosterone, higher SHBG and higher 25-OH vitamin D3. No association
was observed between spine BMD and age, duration of HIV infection, length of
cART, CD4+ count, diastolic blood pressure, abdominal circumference, LDL
cholesterol, triglycerides, lipoprotein (a), HbA1c, HOMA, leptin, fibrinogen, LH,
FSH, urea, creatinine, magnesium, calcium, phosphate, PTH, IGF-1, TSH, free

T3 and free T4.

Lower femur BMD was related with older age, longer duration of HIV infection,
longer cART, lower weight, lower neck circumference, lower abdominal
circumference, lower hip circumference, lower FMR, higher SHBG and higher
urea. No correlation was found between femur BMD and CD4 count, systolic
and diastolic blood pressure, weight, height, BMI, upper-arm circumference,
waist circumference, total cholesterol, LDL cholesterol, HDL cholesterol,

triglycerides, lipoprotein (a), HbA1c, HOMA, leptin, fibrinogen, total
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testosterone, free testosterone, LH, FSH, creatinine, magnesium, calcium,

phosphate, PTH, 25-OH vitamin D3, IGF-1, TSH, free T3 and free T4.

In the multivariate linear regression, SHBG was associated to total BMD after
adjusting for diastolic blood pressure, weight and neck circumference (Table 4,
model 1). When a model was tested for the adjustment on the association
between total BMD, weight and FMR, only weight remained significantly

associated to total BMD (Table 4, model 2).

Regarding spine BMD, in the multivariate linear regression, SHBG was
associated even after adjustment for BMI, neck circumference and total
cholesterol (Table 5, model 1). Another model was tested adjusting for FMR
instead of neck circumference and BMI and SHBG remained associated to

spine BMD, while FMR did not (Table 5, model 2).

Regarding femur BMD, age and urea were associated after adjusting for weight,
neck circumference and SHBG (Table 6, model 1). When adjustment for age,
weight and FMR was tested, age and weight remained significantly to femur

BMD, while FMR did not (Table 6, model 2).

Discussion

Osteoporosis is one of the major problems facing HIV-infected patients.
Prevalence of osteoporosis in HIV-infected patients varies in many studies in
relation to the demographic characteristics. In a meta-analysis of these studies,
a prevalence of 6-16% of osteoporosis was estimated [3], which is similar with

the prevalence of 15.9% found in our study.
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Several factors may increase the risk of osteoporosis in HIV-infected patients.
There are findings implicating the cART on the mechanism of osteoporosis and
specific antiretroviral drugs such as protease inhibitors (Pls) are more strongly
associated with bone loss [3, 7, 23, 24], but we did not find any difference

regarding the cART classes.

HIV-related risk factors such as duration of HIV infection and current CD4+ cells
count play a role in the bone loss [23]. Our research could not find an

association between osteoporosis and these factors, such as other recent study

[7].

Conventional risk factors like older age and environmental exposures (smoking,
alcohol consumption) have been reported as related to osteoporosis in HIV-
infected patients [7, 25, 26]. We could not find a relationship between
osteoporosis and these variables. Although, our results show a correlation
between lower femur BMD and older age, longer duration of HIV infection and
longer length of cART, proving that the first bone loss in HIV-infected patients
occurs in the femur. Moreover, we also found older age as an independent risk

factor for decreased femur BMD.

Body weight is an important determinant of BMD and in many studies BMI
appears as an independent risk factor for low BMD in HIV-infected patients [23,
26, 27]. We did not find a difference between osteoporotic/non-osteoporotic
patients regarding weight and BMI, but we found that a lower weight is related
to lower total, spine and femur BMD, while lower BMI is only related to lower

spine BMD.
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BMI, weight and lipodystrophy are related to body circumferences (neck, upper-
arm, abdominal, waist and hip circumferences) and there are no studies
comparing the risk of osteoporosis in HIV-infected adult patients according to
these measures. To our knowledge, our study is the first to report that HIV-
osteoporotic patients have significantly lower hip circumference than HIV-non
osteoporotic patients. In addition, lower hip circumference is also related to
lower total, spine and femur BMD. Hip circumference is related positively to
subcutaneous and femoral-gluteal fat [28], which means this fat tissue acts like

a protective factor for bone loss.

Lipodystrophy syndrome has been used to describe an increasingly common
fat-redistribution syndrome in HIV-patients, and it affects up to half or even
more HIV-infected patients receiving cART [29]. Some studies have described
that low BMD could be related to lipodystrophy [8-11] but it is still controversial
[4]. We studied lipodystrophy defined by FMR and four groups of body fat
distribution (no lipodystrophy, isolated central fat accumulation, isolated
lipoatrophy and mixed forms of lipodystrophy). In our analyze, lipodystrophic
HIV-patients (defined by FMR) and non lipodystrophic HIV-patients (defined by
FMR) did not present different BMD. Lower FMR was also related to lower total,
spine and femur BMD, but when we used the multivariate linear regression,
FMR was not an independent risk factor to bone loss, which means it is

expected that lipodystrophy (defined by FMR) acts in bone mediated by weight.

Concerning the different groups of body fat distribution, we are the first to study
the relationship between clinical lipodystrophy and osteoporosis in HIV-infected
patients and according to our results body composition is not related to BMD

alterations. This issue is still a matter of controversy, since in healthy patients
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there is evidence that centrally located body fat is associated with lower BMD
[30] but other results suggest that central and peripheral fat body mass have an
independent and protective effect on the presence of osteoporosis or

osteopenia [31].

Hypogonadism is common in HIV-infected men, but according to recent data
deficiency of testosterone is not related with decreased BMD in HIV-patients
[32, 33] . Moreover, estradiol levels seem to be more important than
testosterone in preventing decreased BMD in HIV-infected men [32] , but we
could not measure this hormone. In contrast, our data show that osteoporotic
HIV-patients have higher total testosterone levels than non-osteoporotic
patients and SHBG emerged as an independent risk factor for decreased total
and spine BMD. This may happen because, in HIV-infected patients, SHBG
levels are elevated and consequently total testosterone as well, decreasing the

free fraction of this hormone.

There is a high prevalence of chronic kidney disease in HIV population [34]. We
found higher urea in osteoporotic HIV-patients comparing with non-osteoporotic
HIV-patients. We also found that higher urea levels are an independent risk

factor to decreased femur BMD.

25-OH vitamin D has one of the most important roles in calcium homeostasis
and bone health but we did not find any difference between osteoporotic and
non-osteoporotic HIV-patients regarding it. However we found that an increase
in 25-OH vitamin D levels is related to lower spine BMD. This is not according

with the literature and it is difficult to explain [2, 35].
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Our study has a few limitations. First, because it is a cross-sectional study, we
could not establish a causal relation between HIV infection and decreased
BMD. Also, its statistical power is not very high because of the small number of
our sample and the low heterogeneity of the enrolled patients. We did not
measure estradiol levels, we do not have the information about supplementation
of 25-OH vitamin D3, neither the time of measurements of it, and there were no
enough patients to study free T3 and free T4 according to total BMD. In
addition, we do not have data on specific cCART regimens over time, namely

duration of tenofovir disoproxil fumarate.

Conclusion

Osteoporotic HIV-infected patients have lower hip circumference than non-
osteoporotic patients. Clinical lipodystrophy and different groups of body fat
distribution do not seem to play an independent role in the development of
osteoporosis. SHBG is independently related to total and spine BMD, while
older age and higher urea levels are independent risk factors for decreased

femur BMD.
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95%CI — 95.0% confidence interval for 3

BMD — bone mineral density

BMI - body mass index
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cART - combined antiretroviral therapy

FMR - fat mass ratio

FSH — follicle stimulation hormone

HbA1c - glycosylated hemoglobin

HDL- high density protein

HIV - human immunodeficiency virus

HOMA - homeostasis model assessment of insulin resistance

IGF-1 - insulin-like growth factor 1

Il - integrase inhibitor

IQR — interquartile range

LDL cholesterol - low-density lipoprotein

LH - luteinizing hormone

NNRTI - non-nucleoside reverse transcriptase inhibitor

NRTI - nucleoside reverse transcriptase inhibitor

Pl - protease inhibitor

PTH - parathyroid hormone

SD - standard deviation

SHBG - sex hormone binding globulin

T3 — triiodothyronine
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T4 — thyroxine

TSH — thyroid stimulating hormone

WHO - World Health Organization

B — unstandardized coefficient
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Table 1

Clinical, anthropometric, metabolic, hormonal and renal parameters of the total

sample according to the presence or absence of osteoporosis.

Total No Osteoporosis | p value
(n=126) osteoporosis | (n= 20)
(n= 106)
Sex [n(%)] 0.254
Female
62 (49.2) |55 (51.9) 7 (35.0)
Male 64 (50.8) |51 (48.1) 13 (65.0)
Age [years, mean (SD) | 19 3 (113) | 488 (116) |517(90) |0293
Duration of HIV 9 (7) 9 (7) 11.5 (11) 0.271
infection [years, median
(IQR)]
HIV stage [n (%)] 0297
A
62 (54.9) |55 (57.3) 7 (41.2)
B
4 (3.5) 3(3.1) 1(5.9)
C
44 (38.9) |36 (37.5) 8 (47.1)
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cART [years, median

7 (7.0) 7 (7.0) 8.5 (10.5) 0.177
(IQR)]
0,
NRTI [n (%)] 110 (90.9) | 95 (93.1) 15 (78.9) 0.070
0,
NNRTI [n (AJ)] 64 (529) 53 (52) 11 (579) 0.822
0,
Pln (%)] 50 (41.3) | 43 (42.2) 7(36.8) 0.859
0,
I (%)] 11(9.1) |9(8.8) 2 (10.5) 0.683
3
CD4 count [cells/mm”, 499 5 488.5 (341) 544 (159) 0.354
median (IQR)] (305.0)
: 0
HIV risk factor [n(%)] 0.296
Injecting drug user 8 (23.5) 6 (24) 2 (22.2)
Heterosexual contact 23 (67.6) 18 (72) 5 (55.6)
Homosexual contact 1(2.9) 0 (0) 1(11.1)

Drugs [n (%)]
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Statins [n (%)]

31(24,6) |25 (23.6) 6 (30) 0.575
; 0

Fibrates [n (%)] 21(16.7) |20 (18.9) 1(5) 0.230

Antihypertensive 25(19.8) |21 (19.8) 4 (20) 0.999
Agents [n(%)]

Oral Antidiabetic 12 (9.5) 9 (8.5) 3(15) 0.404
Agents [n(%)]

H o)
Insulin [n (%)] 4 (3.2) 3 (2.8) 1 (5) 0.504
. . 0

Smoking history [n (%)] 0.226

Current 57 (46.7) | 51 (49.5) 6(31.6)

Former 48 (39.3) |37 (35.9) 11 (57.9)

Never

17 (13.9) | 15 (14.6) 2(10.5)

Alcohol consumption [n 39 (32) 6 (4.9) 33 (27.1)
(%)] 0.999
Co-infection Hepatitis C 24 (19.4) |19 (79.2) 5 (20.8) 0.538
[n (%)]
Arterial hypertension [n 42 (33.3) |37 (29.3) 5 (4) 0.546

(%)]
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Systolic blood

120 (25) | 120 (25) 121 (25)
pressure [mmHg, 0.801
median (IQR)]
Diastolic blood 71 (14) 70 (15) 72.5(12) 0.286
pressure [mmHg,
median (IQR)]
Weight [k D
eight [kg, mean (SD)] | 66 5 (13.0) | 60.3 (13.4) | 63.8 (9.5) 0.080
Heigh D
eight [m. mean (SD)] 1 4 64 0.1) | 1.64 (0.1) 1.63 (0.1)
0.896
BMI [kg/m”, median  |25.4(56) |256(54)  [24.8(60) | ..,
(IQR)]
Underweight [n (%)] | 9 (7.1) 7 (6.6) 2(10.0)
N | igh %
ormal weight [n (%)] | ,, (34.9) | 36 (34) 8 (40.0)
; o
Overweight[n %) | 56 (44.4) | 47 (44.3) 9 (45.0)
H 0,
Obesity [n (%)] 17 (13.5) |16 (15.1) 1(5.0)
Neck circumference
36.8 (6.1) | 37.0(6.0) 36.5 (8.5) 0.914

[cm, median (IQR)]

26




Upper-arm

28.0 (4.0) |28 (3.9) 27.5(5) 0.167

circumference [cm,

median (IQR)]

Abdominal 94.0 (10.0) | 94.0 (10.0) | 90.0 (13.0) | 0.101

circumference [cm,

median (IQR)]

Waist circumference 91.7 (11.2) | 92.2 (11.2) 88.4 (11.2)

fem, SDI] 0.226

Hip circumference [cm, 476 (7.0) | 48.0 (4.6) 43.0 (4.8) 0.004

SD]

Total cholesterol 222.2 222.5(58.3) |208.2(55.9) |0.270
L, SD

[mg/dL, SD] (58.0)

LDL cholesterol [mg/dL, 141.0 143.0 (41.3) | 128.3(51.5) |0.191

mean (SD)] (43.0)

HDL cholesterol [mg/dL, 47.0 (20) | 47.5 (20) 47.0 (21) 0.870

median (IQR)]

Triglycerides [mg/dL, 166.0 169.0 (120) 130 (74) 0.097

median (IQR)]

(115.0)
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Lipoprotein a [mg/dL,

17.5 (44) | 18.9 (45) 13.0 (14.5) 0.263

median (IQR)]
HbA1c [¢ i

bA1c [%, median 5.4 (0.8) |5.4(0.8) 5.5 (0.7) 0.055
(IQR)]
HOMA ian, (IQR

OMA [median, (IQR)] |, ,, 2.8) | 2.1(2.6) 3.2 (9.6) 0.625
Lepti L, medi

eptin [ng/mL, median 5.8 (9.0) 7.3(9.2) 2.7 (5.5) 0.190
(IQR)]
Fibrinogen [mg/dL, 347 (120) | 348 (117) 270 (181) 0.276
median (IQR)]
Male h i

ale hypogonadismn | ¢ g, 8 (88.9) 1(11.1) 0.999
(%)]
Total

otal testosterone 3.0 (5.6) 1.6 (5.0) 6.7 (5.3) 0.001
[ng/mL, median (IQR)]

Free testosterone

3.5(12.5) | 1.71(11.79) | 12.6 (9.86) 0.084

[ng/dL, median (IQR)]

HB /L i
SHBG [nmolL, median | o 5 (58.8) | 61.3 (59.1) | 76,5 (60.7) | 0.543

(IQR)]
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LH [mIU/mL, median

59(5.2) |6.42(553) |524(5.16) |0.824
(IQR)]
FSH [mIUmL, medi
SHImIUmL, median 17 5 93y |7.6(0.75) 571(4.82) |0.303
(IQR)]
o
Urea [g/L., median 0.34 (0.13) | 0.31(0.12) | 0.37(0.14) | 0.028
(IQR)]
— C
Creatinine [mgl/L, 8.7(2.3) |8.65(2.4) 8.7 (2.6) 0.730
median (IQR)]
M i I/L
agnesium [mmoliL, 4 65 (0.15) | 1.6 (0.1) 1.7 (0.2) 0.708
SD]
Ici L
Calcium [mmol/L, 4.60 (0.30) | 4.65 (0.30) | 4.60(0.25) | 0.481
median (IQR)]
Phosph L
osphate [mg/L, 31.5 (6.45) | 31.8 (6.6) 30.75 (5.35) | 0.985
median (IQR)]
PTH [pg/mL, median | 15 5 22.2) | 43.4 (22) 37.3(23.5) | 0.095
(IQR)]
25-OH vitamin D3 25 (19) 21.5 (17) 31 (22) 0.181
[ng/mL, median (IQR)]
IGF-1 [nmol/L, (SD 1422
GF-1 [nmol/L, (SD)] 146.2 (60.6) | 107.1(52.6) | 0.053
(60.8)
TSH [mIU/L, median 1.70 (1.34) | 1.68 (1.28) | 2.34(1.78) | 0.285

(IQR)]
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Free T3 3.27 (0.62)

3.25 (0.61)

3.49 (0.71)

0.209

Free T4
ree 0.96 (0.11)

0.96 (0.11)

0.97 (0.30)

0.246

Abbr: HIV - human immunodeficiency virus; cART - combined antiretroviral

therapy; NRTI - nucleoside reverse transcriptase inhibitor; NNRTI - non-

nucleoside reverse transcriptase inhibitor; Pl - protease inhibitor; Il - integrase

inhibitor; BMI - body mass index; LDL cholesterol - low-density lipoprotein

cholesterol; HDL cholesterol — high density protein cholesterol; HbA1c -

glycosylated hemoglobin; HOMA - homeostasis model assessment of insulin

resistance; SHBG - sex hormone binding globulin; LH - luteinizing hormone;

FSH — follicle stimulation hormone; PTH - parathyroid hormone; IGF-1 - insulin-

like growth factor 1; TSH — thyroid stimulating hormone; T3 — triiodothyronine;

T4 — thyroxine; SD — standard deviation; IQR — interquartile range.
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Table 2

BMD according to the presence of lipodystrophy defined by FMR and according

to the presence of different groups of body composition.

Lipodystrophy defined by FMR

Groups of body fat distribution

No Lipodystro- | p value | No Isolated Isolated Mixed p value
Lipodystro- | phy (FMR lipodystro- | central fat | peripheral forms
phy (FMR | defined) (n= phy (n= 8) accumula- lipoatrophy | lipodystro-
defined) (n= | 23) tion (n=37) | (n=33) phy (n=34)
52)

Normal BMD 4 (40.0) 20 (54.1) 13 (39,4) 16 (47.1) 0.305
32 (61.5) 13 (56.5) 0.927

n(%)]

Osteopenia 4 (40.0) 16 (43.2) 13 (39.4) 13 (38.2)
16 (30.8) 8 (34.8)

n(%)]

Osteoporosis 2(20.0 1(2.7 7(21.2 5(14.7

p 4(7.7) 2 (8.7) (20.0) (2.7) (21.2) (14.7)

n(%)]

Total BMD s . 1.20 (0.13)° | 1.18 (0.09)° | 1.13(0.15)° | 1.18 (0.16)" | 0.181
1.17 (0.11)* | 1.18 (0.1) 0.487

Spine BMD . A 1.01 (0.20)° | 0.96 (0.18)° | 0.93 (0.16)° | 1.02 (0.28)° | 0.081
0.9 (0.13) 0.99 (0.17)% | 0.252

Femur BMD s s 1.19 (0.46)° | 1.22 (0.21)° | 1.11(0.23)° | 1.05 (0.33)" | 0.290
1.21(0.15)* | 1.25(0.15)* | 0.277

Abbv: BMD — bone mineral density; FMR - fat mass ratio.

2 [g/lem?, mean (SD)], SD — standard deviation. ® [g/cm?, median (IQR)], IQR —

interquartile range
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Table 3

Correlation of baseline and clinical parameters with total, spine and femur bone

mineral density.

Total BMD Spine BMD Femur BMD

r p R p r p
Age

-0.2 0.082 |-0.059 [0527 [-0.299 |0.001*
Duration of V-1 4030 | 0.737 |0.067 |0.473 |-0316 | 0.000*
infection
Duration of cART 0.012 0916 | 0054 0.560 .0.27 0.002**
CD4 count 0134 |0250 |0.101 |0.290 |-0.084 |0.376
Systolieblood =16 119 | 0301 |0267 |0.004* |-0.114 | 0216
pressure
Diastolic blood 0.305 0.007** | 0.179 0.052 0.063 0.498
pressure
Weight 0.318 | 0.005** | 0.445 |0.000** |0.227  |0.013*
Height 0270 | 0.018* |0.348 | 0.000** | 0.07 0.447
BMI 0165 |0.151 |0.245 |0.007** | 0.169 | 0.065
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Neck

0289 |0.017* |0420 |0.000* |0.238 |0.031*
circumference
Upper-arm 0209 |0.085 |0297 |0.007* |0.204 |0.065
circumference
Abdominal 0147 |0211 |0167 |0.105 |0.240 |0.019*
circumference
Waist 0188 |0.104 |0242 |0.012* |0.182 | 0.061
circumference
Hip

0.290: |0.012* |0.323 |0.002** |0.320 | 0.002**
circumference
Total cholesterol | .10 10301 |-0211 |0.023* |0.141 0.127
LDL cholesterol | ) hee 10576 |-0.169 |0071 |0.425 | 0.179
HDL cholesterol | 120 10035 [.0215 |0021* |-0028 |0.765
Triglycerides

0017 |0882 |-0075 |0428 |0.152 |0.101
Lipoprotein (a)

0186 |0.126 |-0201 |0.082 |-0.113 |0.329
HbAlc 0023 |0845 |0024 |0806 |-0.099 |0.311
HOMA 0115 |0.347 |0209 |0.083 |0.148 |0.217
Leptin

.0.008 |0957 |-0110 |0461 |-0.054 |0.721
Fibrinogen

0125 |0.312 |0077 |0540 |0.044 |0.725
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FMR

0254 | 0028 |0295 |0.011* |0.281 0.014*
Total

0224 0064 |0322 |0.002* |0.034 |0.751
testosterone
Free 0209 |0092 |0395 |0.000* |0.086 |0.432
testosterone
SHBG -0.395 | 0.002** |-0481 |0.000* |-0.226 |0.039*
LH

.0.036 |0.777 |0059 |0586 |-0.130 |0.221
FSH .0.088 |0.480 |0007 0951 |-0.151 |0.151
Urea 0113 | 0333 |-0056 |0.556 |-0.268 |0.004**
Creatinine

0101 |0.383 |0030 |0754 |0.066 |0.486
Magnesium .0.030 | 0796 |-0.043 |0648 |-0.085 |0.357
Calcium 0067 |0560 |0.112 |0240 |0084 |0.377
Phosphate 0.017 |0882 |0056 |0560 |-0.122 |0.201
PTH 0017 |0.897 |0019 |0861 |0.003 |0.980
25-OH vitamin | -0.5 0667 |-0.363 |0.027* |-0.198 |0.234
D3
GF-1 0126 10297 |0.033 |0756 |0.014 | 0.891
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TSH

0.014 |0.908 |-0.032 0.752 -0.074 0.458
FreeT3 | | -0.197 10.368 |-0.138 0.519
FreeT4 | | -0.220 |0.227 |-0.244 |0.170

Abbr: BMD — bone mineral density; HIV - human immunodeficiency virus; cART

- combined antiretroviral therapy; BMI - body mass index; LDL cholesterol - low-

density

lipoprotein cholesterol;

HDL cholesterol — high density protein

cholesterol; HbA1c - glycosylated hemoglobin; HOMA - homeostasis model

assessment of insulin resistance; FMR — fat mass ratio; SHBG - sex hormone

binding globulin; LH - luteinizing hormone; FSH — follicle stimulation hormone;

PTH - parathyroid hormone; IGF-1 - insulin-like growth factor 1; TSH — thyroid

stimulating hormone; T3 — triiodothyronine; T4 — thyroxine; r — correlation

coefficient; p — sig. (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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Table 4

Multivariate linear regression analysis of factors associated with total bone

mineral density

Total BMD B 95%Cl
Model 1

Diastolic blood pressure | 0.002 -0.001/0.005
Weight 0.003 -0.013/0.006
Neck circumference -0.004 -0.014/0.005
SHBG -0.001 -0.001/0.000
Model 2

FMR 0.019 -0.015/0.054
Weight 0.003 0.001/0.005

Abbv: SHBG — sex hormone binding hormone; FMR — fat mass ratio; B —

unstandardized coefficient; 95%CI — 95.0% confidence interval for .
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Table 5

Multivariate linear regression analysis of factors associated with spine bone

mineral density

Spine BMD B 95%Cl
Model 1

BMI 0.005 -0.003/0.131
Neck circumference 0.007 -0.001/0.015
Total cholesterol -0.001 -0.001/0.000
SHBG -0.001 -0.002/0.000
Model 2

BMI 0.008 -0.002/0.000
FMR 0.027 -0.020/0.074
Total cholesterol 0.000 -0.001/0.000
SHBG -0.001 -0.002/0.000

Abbv: BMI — body mass index; SHBG — sex hormone binding hormone: FMR —
fat mass ratio; B — unstandardized coefficient; 95%CI — 95.0% confidence

interval for 3.
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Table 6

Multivariate linear regression analysis of factors associated with femur bone

mineral density

Femur BMD B 95%ClI

Model 1

Age -0.006 -0.009/-0.003
Weight 0.004 -0.001/0.009
Neck circumference 0.004 -0.009/0.018
SHBG -5.242E-5 -0.001/0.001

Urea -0.763 -1.143/-0.383
Model 2

Age -0.004 -0.007/-0.002
FMR 0.033 -0.009/0.075
Weight 0.006 0.003/0.009

Abbv: SHBG — sex hormone binding hormone: FMR — fat mass ratio; B —

unstandardized coefficient; 95%CI — 95.0% confidence interval for .
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ANEXOS

Parecer da Comissdo de Etica para a Saude e Autorizacdo do Concelho de

Administragdo do Centro Hospitalar Sdo Joao

Normas da revista Biomed Central Infectious Diseases
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Titulo do projecto de investigagio: (s teopore= s

. PEY
pohents ander antiretow S e

Pretendendo realizar no(s) Servico(s) de - do Centro

Hospitalar de S. Jodo ~ EPE o estudo/projecto de investigacdo em epigrafe, solicito a V. Exa., na
qualidade de Investigador/Promotor, autorizacao para a sua efectivacao.

Para o efeito, anexa toda a documentacdo referida no dossier da Comissdo de Etica do Centro
Hospitalar de S. Jodo respeitante a estudos/projectos de investigacdo, a qual enderecou pedido de

apreciagdo e parecer.
Com os melhores cumprimentos.
Porto, UG/
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%‘L;ﬁvg Merewa

Comissdo de Etica para a Satde do Centro Hospitalar de S. Jodo/Faculdade de Medicina da Universidade do Porto
Madelo CES 01



Comissio de Etica para a Saude do HSJ

Parecer

Projecto de investigacdo: “Osteoporosis in HIV-infected adult patients under
antiretroviral therapy”.

Promotores:
- Nio aplicavel.

- Pertinéncia do estudo
° Trata-se de um estudo de coorte, retrospectivo, a realizar no Ambito da tese de
Mestrado Integrado em Medicina na Faculdade de Medicina da Universidade do Porto
(FMUP), que tem como objectivo principal, avaliar a prevaléncia de osteoporose nos
doentes com infecgdo VIH sob terapéutica antiretrovirica.
e Serdo incluidos todos os individuos com infec¢do VIH seguidos na consulta de
Endocrinologia do Centro Hospitalar de S. Jodo, entre janeiro de 2004 ¢ margo
de 2016.
* O estudo terminaria em dezembro de 2015 e ndo terd nem precisara de qualquer
apoio financeiro._Dada a submissdo deste protocolo a CES em julho de 2016, o
prazo indicado terd que ser alargado.

e Todos os dados a colher de forma a andnima (s6cio-demograficos,
antropomeétricos, clinicos, virologicos, analiticos e terapéuticos) sdo pertinentes
¢ adequados aos objectivos do estudo. No protocolo submetido a CES ndo figura
a metodologia usada para diagnosticar a osteoporose.

L]

O estudo € pertinente, importante e estd bem fundamentado.

O protocolo de estudo, os critérios de inclusdo e de exclusio estdo
suficientemente detalhados e ndo levantam quaisquer questdes do foro ético.
A Investigadora Principal, Flavia Moreira, estudante do 6° ano do curso de
Medicina da FMUP, tendo como elo de ligagdo (e orientadora da Tese) a
Médica especialista de Endocrinologia, a Professora Paula Freitas
(especialista do Servigo de Endocrinologia do Hospital de S. Jodo EPE),
dispde das competéncias técnica e cientifica para a realizagdo do estudo.

O estudo sera realizado no Servigo de Endocrinologia do Hospital de S.
Jodo, EPE e dispde da autorizagdio para a sua realizagdo pelo seu Director,
Professor Davide Carvalho. O servigo proponente dispde das condigdes
necessarias para a realizagdo do estudo.

— Beneficio/Risco
e Dada a natureza retrospectiva do estudo, ndo havera riscos, incomodos ou
beneficios para os participantes.

- Respeito pela liberdade e autonomia do sujeito do ensaio



o Dada a natureza retrospectiva do estudo, nio hé necessidade de proceder a
obtencdo do consentimento informado.

~ Confidencialidade dos dados
o A confidencialidade e a privacidade dos dados sdo garantidas.

~ Indemnizag¢iio por danos
Naio aplicavel.

— Continuagio do tratamento
Nio aplicavel.

- Propriedade dos dados
Nio aplicavel.
Conclusio
Em face da analise do protocolo de “Osteoporosis in HIV-infected adult patients under
antiretroviral therapy”, proponho a sua aprovagdo pela CES do HSJ/FMUP, depois de

obtidas as respostas as questdes em sublinhado e em itélico.

Porto, 22 de julho de 2016
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CES

CORIESAG DE ETICA PARA A 3AUDE

7. SEGURO

a. Este estudo/projecio de investigagdo prevé intervengdo clinica que implique a
existéncia de um seguro para os participantes?

SiM D (Se sim, junte, por favor, copia da Apélice de Seguro respectiva)
NAO [x]

NAO APLICAVEL [ ]

8. TERMO DE RESPONSABILIDADE

Eu, Flavia Andreia Pinto Moreira, abaixo-assinado, na qualidade de investigador Principal,
declaro por minha honra que as informagdes prestadas neste questionario sdo verdadeiras. Mais
declaro que, durante o estudo, serdo respeitadas as recomendagdes constantes da Declarag@o
de Helsinquia (com as emendas de Toquio 1975, Veneza 1983, Hong-Kong 1989, Somerset West
1996 e FEdimburgo 2000) e da Organizagdo Mundial da Salde, no que se refere 2
experimentagio que envolve seres humanos. Aceito, também, a recomendag&o da CES de que o
recrutamento para este estudo se fara junto de doentes que nfo tenham participado sm outro

estudo no decurso do actual internamento ou da mesma consulta.

! [ o s
- ool
Porto, 07 de Julho / 2016 X [or| e
A Comissio de Etica para a Satde tendo
aprovado o parecer do Relator, aguarda
que o Investigador/Promotor esclarega as

questdes nele enunjzadas para gde possa
emitir parecer detingtivo.

emitido
na
reuniao
plenaria ‘Centro Hospitalar Sao Joae.
da CES -
CONSIDET A0S QUE FORAM COMO SATISFATORIOS  OS
de ESCLAHLMENTOS PRESTADOS PELOMA)
INVESTIGADCR(A), A CES APROVA POR UNANIMIDADE O

i CF DO RELATOR, PELO QUE NADA TEM A OPOR A
ALIZACAQ DESTE PROJETO DE INVESTIGACAO.
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