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Abstract

Background

Human immunodeficiency virus (HIV) infected individuals may have osteoporosis. We
aimed to evaluate the bone mineral density (BMD) in naive antiretroviral (ARV) treated HIV
positive patients comparing native Italian group (ItG) to a Migrants group (MiG) upon arrival
in Italy.

Methods

We conducted a cross-sectional study on 83 HIV patients less than 50 years old. We used
the dual-energy X-ray absorptiometry (DXA) within six months from the HIV diagnosis. Par-
ticipants were categorized as having low BMD if the femoral neck or total lumbar spine Z-
score was—2 or less.

Results

MiG showed low BMD more often than ItG (37.5% vs.13.6%), especially for the female gen-
der (16.7% vs. 0.0%). A low CD4 rate (<200 cells/ul) was most often detected in MiG than
ItG. In particular, we found most often male ltalians with abnormal CD4 than male migrants
(67.8% vs. 33.3%) and vice versa for females (30.5% vs. 66.7%). We found an abnormal
bone mineral density at the lumbar site. Low BMD at the lumbar site was more frequently
observed in female migrants than female Italians. Both male and female migrants had a Z-
score value significantly lower than male and female Italians, respectively. By logistic
regression low vitamin-D level was positively correlated to low BMD in ItG only. All data
were verified and validated using a triple code identifier.
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Conclusions

Both DXA and vitamin-D evaluation should be offered after the diagnosis of HIV infection.
Lumbar site low BMD is an initial condition of bone loss in HIV young patients, especially in
female migrants. Vitamin D levels and supplementation may be considered after HIV diag-
nosis independently of age to improve bone health.

Highlights

This study evaluates the frequency of bone mineral density in HIV positive patients naive to
antiretroviral therapy. It compares the density of the native Italian population with that of HIV
Migrants upon arrival in Italy. The results show that HIV positive migrants, even if younger
than 50 years of age, are at risk for osteoporosis, especially if they are female.

Introduction

Osteoporosis is a process characterized by increased bone resorption without reciprocal bone
apposition. The decreased bone mass leads to an increased risk of bone fractures, which are
particularly as the subject ages [1, 2]. Currently, lifestyle factors, including alcohol, diet, hor-
mones, physical activity, and smoking, are influencing the bone mass, and osteoporosis is
affecting younger people than before [2-4]. The incidence of osteoporosis and osteoporosis-
related fractures varies across the European Union/European Economic Area (EU/EEA), and
especially in the Mediterranean area, it is increasing, as it has been evidenced in the literature
with a clear link to nutrition [1, 2].

Among human immunodeficiency virus (HIV)-related comorbidities, the bone disease has
emerged as a significant question in this chronically infected population [3-8]. Several studies
suggest that fracture rates are higher in communities with HIV than among matched unin-
fected controls despite anti-retroviral therapy (ART) and gender [9-11]. The causes of a low
bone mineral density (BMD) could be different in HIV-infected patients by considering the
time of HIV infection [12]. Previous studies conducted in our geographical area established
that the prevalence of osteoporosis was significantly higher in HIV- infected than in uninfected
subjects, which mirrors a result similar to previous meta-analyses [12-15]. The prevalence of
osteopenia and osteoporosis in HIV mono-infected patients in our geographical area was
about 44.9%, and 20.9% in comparison with 18% reported in a healthy Italian population [16].

A recent analysis of bone-healthy in the immigrant population conducted in Sweden
showed that women had low BMD for age according to the American and African-American
referents [17-19]. Moreover, a study conducted in German-Turkish immigrants osteopenia
was diagnosed in 32% and osteoporosis in 8% of young migrants [20]. In the migrant setting,
it has been hypothesized that BMD is intriguingly associated with lifestyle, body mass index
(BMI), and vitamin D levels. Recently, low level of vitamin D were also reported in Somali
migrant women in Sweden and Refugees in Canada using the Calgary Refugee Health Pro-
gram, an urban family practice that serves newly arrived refugees in Calgary, Alberta [21-23].

Although the number of migrants and refugees crossing the Mediterranean Sea has
decreased in 2018-19 and 2020, during the COVID-19 pandemic, this number has been
unprecedented in the last ten years compared with the past twenty or thirty years [5-7]. Topi-
cal Italian data showed that the new diagnosis of HIV infection in 72% of migrants was late
and less than six months before developing AIDS with half of the subjects coming from Sub-
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Saharan Africa (SSA, 59.4%) and with an increasing percentage of fertile females [22-26]. Fur-
ther, the incidence of BMD loss and related fractures attributed to a specific eating pattern has
also been targeted for guidelines and suggestions within the EU/EEA [8].

Our study aims to emphasize the burden of bone health in naive ARV HIV positive patients
and compare the bone density of the native Italian population group (ItG) with that of HIV
Migrants (MiG) upon arrival in Italy.

Materials and methods
Study design and setting

This investigation is a retrospective cross-sectional study. We gathered data from 83 ARV
naive subjects consecutively admitted between January 2010 and May 2015 at the Sicilian
AIDS Center of the University of Palermo, Italy. We retrospectively analyzed all patients who
underwent dual-energy X-ray absorptiometry (DXA) within six months from HIV diagnosis
independent of their BMI. In this study, we excluded all patients with the treatment of steroid-
induced bone loss and subjects with active tuberculosis.

DXA measures BMD utilizing two X-ray beams with different energy levels, which are
aimed at the patient’s bones (see below). Of the 83 subjects, 59 were Italian, and 24 were
migrant patients living in Italy for less than twelve months. Table 1 shows the characteristics

Table 1. Characteristics of the 83 HIV study participants.

Parameters % (Number)
Patients 83
Italian 71.1% (59)
male 49.4% (41)
female 21.7% (18)
Migrant 28.9% (24)
male 9.6% (8)
female 19.3% (16)
Age, in years
mean +SD 44.2 +4.9
Range 30-50
% patients with abnormal BMI score 49.4% (41)
CD4 count < 500 (cells/pl) 98.8% (82)
CD4 count(cells/pl)
<200 55.4% (46)
200-349 41.0% (34)
>350 3.6% (3)
% patients with a low level of 25-Hydroxy-vitamin D 100% (83)
% patients with AIDS 56.6% (47)
% patients Mono-infected (HIV) 81.9% (68)
% patients Co-infected (HIV and HCV) 18.1% (15)
% patients with low BMD (ItG+MiG) 20.1% (17 = 8+9)
% patients with Previous fractures 9.6% (8)

BMI = body mass index: normal range [18, 5-24, 9]
CD4 count: normal range [500-1500] (cells/pl)
Vitamin D: normal range [30-100] (ng/mL)*

Low BMD = Low Bone Mineral Density (Z-score <-2).

https://doi.org/10.1371/journal.pone.0237984.t001
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of enrolled patients. We collected the medical records and entered into an anonymous data-
base, as previously reported [8, 9]. CD4+ T-cell count and plasma HIV-RNA levels were
assessed as previously reported [9].

25-hydroxy-vitamin D (25(OH)D) was assayed as previously reported [21, 22, 25]. We con-
sidered a serum 25(OH)D concentration of 30 ng/mL as a threshold value for identifying low
levels of vitamin D, as previously reported (standard value of our laboratory: 30-80 ng/mL)
[13].

All subjects gave their informed consent for inclusion before they started participating in
the study, which was conducted by the Declaration of Helsinki. The Ethics Committee of the
University of Palermo approved the study protocol. Each participant was free to decline or
withdraw from the study at any time, and this was explained in their original language or a lan-
guage that the migrant knew.

Bone mineral density assessment

BMD was assessed by DXA, using a QDR Discovery Hologic DXA in the femoral neck and
DXA in the lumbar spine by total body DXA. For each scan, BMD, Z-scores were recorded as
previously reported [9-11]. DXA measurements were performed in the femur (femoral neck
and/or total hip) and lumbar spine in each patient. Since the age of our patients ranged from
30 to 50 years, the use of Z-scores (defined as an individuals’ BMD in comparison to age-
matched normal individuals) was used for all the analyses, according to World Health Organi-
sation (WHO) recommendation [27]. Participants were categorized as having low BMD if the
femoral neck or total lumbar spine Z-score was- 2 or less.

Sample size estimation

To individualize sample sizes statistically significant in this study, we considered a Bernoulli
sampling for both Italian and Migrant groups [28].

For ItG, the minimum sample size for this study was estimated equal to 41 patients affected
by low BMD. It was obtained considering a statistical z-score at 95%, an error € = 15% and
hypothesizing a prevalence m, about 60% according to the studies of Cavalli et al. [16] and
Tomazi¢ et al. [29]. In this case, we estimated a prevalence range equal to 45%-75%.

For MiG, the minimum sample size for this study was estimated equal to 22 patients
affected by low BMD. It was obtained considering a z-score at 95%, an error &€ = 20%, and
hypothesizing a prevalence m about 35%, according to Varenna et al. [30]. In this way we esti-
mated a prevalence range equal to 15%-55%. In this case, we considered an error € greater to
an error in ItG because of the amount of information that could be gathered in migrants in
Italy. Also, the sample size for ItG and MiG were increased to 59 and 24 patients, respectively
considering the possibility of unexpected events and, consequently, the likelihood of patients’
data loss.

Statistical analysis

The statistical analysis was performed by MATLAB statistical toolbox version 2008 (Math-
Works, Natick, MA, USA). Data are presented as number and percentage for categorical vari-
ables. Numerical data are expressed as the mean + standard deviation (SD) or median and
confidence interval at 95% (CI). The Xz test and Fisher’s exact tests were performed to evaluate
significant differences of proportions or percentages between two groups. The Fisher’s exact
test was used where the ytest was not appropriate. The Mann-Whitney test was used to test
the difference between two independent samples (ItG and MiG group). It was the alternative
for a t-test dealing with independent samples when the distribution of the samples is not
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normal. Normal distributed independent samples were studied using the D’Agostino-Pearson
test. Linear correlation analysis was also performed, and the test on Pearson’s linear correlation
coefficient r was performed with the t-Student test under the null hypothesis of Pearson’s lin-
ear correlation coefficient r = 0. The logistic regression was performed to analyze the relation-
ship between Low BMD (dichotomous variable) and the independent variables: Gender
(dichotomous-M = 1, F = 0), Previous fractures (dichotomous-yes = 1, no = 0), BMI (continu-
ous), CD4 cells (continuous), and 25-Hydroxy-vitamin D (continuous). Finally, all tests with
p-value < 0.05 were considered significant.

Results

The 83 patients, composed by 59.4% males and 40.6% females, with ages into range 30-50,
mean 44.2 years old and standard deviation (S.D.) equal to 4.9 years old, was subdivided into
two groups (Table 1); the ItG (Italian group), composed of 59 patients, with ages into range
30-49, mean 43.7 years old and standard deviation (S.D.) equal to 4.8 years old. The MiG
(migrant group), composed of 24 patients, with ages into range 32-50, mean 45.4 years old,
and standard deviation (S.D.) equal to 4.8 years old. In detail, 22/24 (92%) migrants came
from Africa and 2/24 (8%) from Asia.

In Table 2, we report the differences between ItG and MiG group and statistical tests. Low
BMD was significantly more frequent in MiG group in comparison to ItG group (37.5% >
13.6%, p = 0.0324), particularly it was significantly more frequently found in migrant females
than in Italian females (16.7% > 0.0%, p = 0.0058). Significant differences were seen in low-
BMD values. In fact, both female and male Italians had a measure of BMD significantly greater
than migrant females and males respectively (median: -1.0 > -2.3, p = 0.0272; 0.05 > -0.8,

p =0.0291). In addition, we found major presence of migrant females with abnormal lumbar
value in comparison to Italian females (16.7% > 0.0%, p = 0.0058).

Conversely, no significant differences between ItG and MiG were found considering the
femoral BMD values.

In examining the gender in mono-infected HIV patients, the percentages of HIV patients
were significantly greater in Italian males in comparison to migrant males (57.6% > 25%,

p =0.007). On the other hand, HIV was most frequently observed in female migrants in com-
parison to female Italians (58.3% > 23.7%, p < 0.003). For co-infected patients, there were no
significant differences in gender between ItG and MiG. Also, for AIDS patients there was a sig-
nificant difference between ItG and MiG (45.8% < 83.3%, p = 0.0017). In particular, AIDS was
most frequent in female Migrants in comparison to female Italians (8.3%>8.5%, p<0.0001).
We found a higher percentage of male Italians with abnormal values of CD4 in comparison to
male migrants (67.8% > 33.3%, p = 0.0039), and vice versa for the female gender (30.5%<
66.7%, p = 0.0024). With reference of CD4 values (median), there was a significant difference
between ItG and MiG (210 vs 61, p = 0.0003), analogous for male and female (CD4 median:
200 vs 37.5, p = 0.0264; CD4 median: 265 vs 72.5, p = 0.0016). Low CD4 values (<200 cells/ul)
in peripheral blood were more frequently found in Migrants than Italian patients (44.1% <
83.3%, p = 0.0012), while CD4 values into range 200-349 cells/ul were more frequently found
in ItG in comparison to MiG patients (50.8% > 16.7%, p = 0.0043). There were no significant
differences between ItG and MiG concerning high CD4 values (> 350 cells/ul). Regarding the
BMI, male Italians with abnormal values of BMI were more often seen than male Migrants
(33.9% > 12.5%, p = 0.0483). Further, BMI values of female Migrants were greater than BMI
values of female Italians (median: 21 > 18.4, p = 0.0079).

In migrant patients, 25-OH-vitamin D mean values were significantly lower than in Italian
patients (14.8 > 11.8 ng/ml, p = 0.0466). Also, male Italians had mean value significantly
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Table 2. Differences between ItG and MiG groups.

Parameters ItG Mean + SD or percentage MiG Mean + SD or percentage ItG vs. MiG p-value

Nr. Patients 59 24

Age 46 [43-47] 47.5 [43-49] 0.0423* (MW)
Male 44 [41-47] 44.5 [37.8-49.2] 0.48 (MW)
Female 47 [44.8-47] 47.5 [44.9-49.4] 0.18 (MW)

Gender
Male 69.5% (41/59) 33.3%(8/24) 0.0025 * (C)
Female 30.5% (18/59) 66.7% (16/24) 0.0025 * (C)

Low BMD 13.6% (8/59) 37.5% (9/24) 0.0324 * (F)
Male 13.6% (8/59) 20.8% (5/24) 0.51 (F)
Female 0.0% (0/59) 16.7% (4/24) 0.0058 * (F)

Mono-infected (HIV) 81.4% (48/59) 83.3% (20/24) 0.83 (C)

Male 57.6% (34/59) 25% (6/24) 0.007* (C)
Female 23.7% (14/59) 58.3% (14/24) 0.003* (C)

Co-infected (HIV and HCV) 18.6% (11/59) 16.7% (4/24) 1.00 (F)

Male 11.9% (7/59) 8.3% (2/24) 1.00 (F)
Female 6.8% (4/59) 8.3% (2/24) 1.00 (F)

AIDS 45.8% (27/59) 83.3% (20/24) 0.0017* (C)
Male 37.3% (22/59) 25.0% (6/24) 0.28 (C)
Female 8.5% (5/59) 58.3% (14/24) <0.0001 * (C)

CD4 count (cells/pl)

<200 44.1% (26/59) 83.3% (20/24) 0.0012* (C)
200-349 50.8% (30/59) 16.7% (4/24) 0.0043* (C)
>350 5.1% (3/59) 0.0% (0/24) 0.55 (F)

Abnormal CD4 count 98.3% (58/59) 100% (24/24) 1.00 (F)

Male 67.8% (40/59) 33.3% (8/24) 0.0039 * (C)
Female 30.5% (18/59) 66.7% (16/24) 0.0024 * (C)
CD4 count (cells/ul) 210[125-279] 61 [24.5-120] 0.0003*(MW)
Male 200 [117.6-269.6] 37.5[7.5-181.9] 0.0264* (MW)
Female 265 [101.9-308.1] 72.5[29.6-141.7] 0.0016* (MW)

AbnormalBMI 45.8% (27/59) 41.7% (10/24) 0.73 (C)

Male 33.9% (20/59) 12.5% (3/24) 0.0483 * (C)

Female 11.9% (7/59) 29.2% (7/24) 0.10 (F)

BMI 20 [19-21] 18.3 [18-19] 0.11 (MW)
Male 19.8 [17.8-21] 18.3 [17.8-20.6] 0.80 (MW)
Female 21 [19.2-23.2] 18.4 [18-19.4] 0.0079 * (MW)

Previous fractures 8.5% (5/59) 12.5% (3/24) 0.68 (F)

Male 6.8% (4/59) 4.2% (1/24) 1.00 (F)
Female 1.7% (1/59) 8.3% (2/24) 0.20 (F)

Abnormal 25-Hydroxy-vitamin D 100% (59/59) 100% (24/24) 1.00 (F)

Male 69.5% (41/59) 33% (8/24) 0.0024* (C)
Female 31.5% (18/59) 66.7% (16/24) 0.0024* (C)

25-Hydroxy-vitamin D (ng/mL)* 14.8+6.4 11.8+5.4 0.0466 * (T)
Male 15.6+6.9 9.8£5.9 0.0324 * (T)
Female 12.9+4.4 12.8+£5.2 0.94 (T)

Abnormal FBD 0.0% (0/59) 0.0% (0/24)

Male 0.0% (0/59) 0.0% (0/24) —
Female 0.0% (0/59) 0.0% (0/24)

(Continued)
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Table 2. (Continued)

Parameters ItG Mean + SD or percentage MiG Mean + SD or percentage ItG vs. MiG p-value
FBD -0.2+0.8 -0.03+0.9 0.37 (T)
Male -0.4+0.8 -0.2+0.5 0.43 (T)
Female 0.3 [-0.3;0.8] 0.1 [-0.6;0.4] 0.31 (MW)
Abnormal LBD 13.6% (8/59) 37.5% (9/24) 0.0324 * (F)
Male 13.6% (8/59) 20.8% (5/24) 0.51 (F)
Female 0.0% (0/59) 16.7% (4/24) 0.0058 * (F)
LBD -0.7+1.2 -1.2+1.4 0.07 (T)
Male -1.0 [-1.1;-0.8] -2.3[-2.9;-1.3] 0.0272 * (MW)
Female 0.05+0.9 -0.8+1.3 0.0291 * (T)

* = Significant test; T = unpaired t- test; C = chi-square test; F = Fisher’s exact test; ItG = Italian group, MiG = migrant group; Low BMD = low Bone Mineral Density;
FBD = Femoral bone density evaluated with Z-score; LBD = Lumbar bone density evaluated with Z-score; BMI = Body Mass Index; MW = Mann-Whitney test; Vitamin
D value used in the laboratory was 30-80 ng/mL.

https://doi.org/10.1371/journal.pone.0237984.t1002

greater than male Migrants (15.6 > 9.8, p = 0.0324). Abnormal 25-OH-vitamin D values of
male Italians were most often encountered in comparison to these values of male Migrants

(69.5% > 33%, p = 0.0024) and vice versa for female (31.5% < 66.7%, p = 0.0024). No signifi-
cant differences between ItG and MiG groups were detected for the occurrence of a previous
fracture. According to the menopause definition (amenorrhea for >12 consecutive months
with symptoms suggestive of menopause and in which other causes of amenorrhea have been
ruled out and/or the follicle-stimulating hormone (FSH) level is elevated) our female sample
showed menopause status in 11/16 (68.75%) of female Migrant and 12/18 of female Italians
(66%).

In Figs 1 and 2, the heat maps of LBD and FBD values for ItG and MiG groups are shown,
respectively. Every line represents the FBD and LBD values for each patient, and the gradua-
tion of the colors are representative of the Z-score.

ItG Group

Males

Females

FBD LBD
Fig 1. Heat map of femoral BMD and lumbar BMD scores for ItG group.

https://doi.org/10.1371/journal.pone.0237984.9001
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MiG Group

Males

Females

s I .

FBD LBD
Fig 2. Heat map of femoral BMD and lumbar BMD scores for MiG group.

https://doi.org/10.1371/journal.pone.0237984.9002

In Fig 3, we showed the scatter plots for ItG and MiG group between CD4 values with LBD
and FBD (a-d). For every scatters plot, the red points on graphs are individuated by CD4 val-
ues and correspondent Lumbar BMD and Femoral BMD Z-scores. The blue line is the best lin-
ear fit, and the red lines define the 95% prediction interval for the regression curve. For any

ItG group: Lincar corrclation analysis ItG group: Lincar corrclation analysis

"

Femoral Bone Density
e

\\

Lumbar Bone Density
- o

\\

3
Sh 1 1 1 1 I 1 1 b 1 1 1 1 1 1 ik
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
CD4 values CD4 values

MiG group: Lincar correlation analysis MiG group: Lincar correlation analysis

Femoral Bone Density
3
)
T
Lumbar Bone Density

D S P P M
T

o)

3h : i : § ; L 1 ! L L
0 50 100 150 200 250 0 50 100 150 200 250

CD4 values CD4 values

Fig 3. Scatter plots (a-d) for ItG and MiG group between CD4 values with Lumbar and Femoral Bone mineral
densities measured with Z-score.

https://doi.org/10.1371/journal.pone.0237984.g003
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Table 3. Logistic regression between Low BMD variable and independence variables such as gender, BMI, hydroxy-vitamin D, CD4, and previous fractures, for

both ItG and MiG.
Logistic regression in the total sample Coefficient Std. Error OR 95% CI p-value
Null model vs. full model 0.0024* (C)
Low BMD/ Gender 1.3 0.69 3.8 0.97-14.5 0.056
Low BMD/ BMI 0.07 0.08 1.07 0.92-1.24 0.39
Low BMD/Hydroxy-vitamin D -0.16 0.06 0.85 0.76-0.96 0.0063 *
Low BMD/CD4 -0.004 0.003 1.0 0.99-1.00 0.17
Low BMD/Previous fractures 0.96 0.90 2.62 0.45-15.4 0.29
Constant -1.0 1.53 — — 0.52
Logistic regression in ItG Coefficient Std. Error OR 95% CI p-value
Null model vs. full model 0.0168* (C)
Low BMD/ Gender -20.6 6640.7 <0.0001 — 0.998
Low BMD/ BMI 0.11 0.12 1.12 0.89-1.42 0.34
Low BMD/Hydroxy-vitamin D -0.169 0.08 0.84 0.72-0.98 0.0309 *
Low BMD/CD4 -0.003 0.004 0.997 0.99-1.01 0.49
Low BMD/Previous fractures 0.45 1.33 1.57 0.12-21.3 0.73
Constant -0.85 2.09 — — 0.69
Logistic regression in MiG Coefficient Std. Error OR 95% CI p-value
Null model vs. full model 0.13 (C)
Low BMD/ Gender 1.60 1.1 4.94 0.57-42.6 0.15
Low BMD/ BMI -0.47 0-44 0.63 0.27-1.48 0.29
Low BMD/Hydroxy-vitamin D -0.13 0.11 0.88 0.71-1.09 0.23
Low BMD/CD4 0.003 0.008 1.0 0.99-1.02 0.76
Low BMD/Previous fractures 0.97 1.78 2.63 0.08-86.7 0.59
Constant 8.76 7.89 — — 0.27

* = significant test; OR = odds ratios; CI = odds ratios confidence interval at 95%; The null model = -2In(L,), where L, was the likelihood of obtaining the observations if

the independent variables did not affect the outcome, the full model: -2In(L,), where L, was the likelihood of obtaining the observations with all independent variables

incorporated in the model; C = chi-square test.

https://doi.org/10.1371/journal.pone.0237984.t1003

given value of the independent variable (CD4), this interval represents the 95% probability for
the values of the dependent variable (LBD or FBD).

By linear correlation analysis, it results that for the ItG group, there was a significant posi-
tive linear correlation between CD4 and Femoral BMD (r = 0.34, p = 0.009) and between CD4
and Lumbar BMD (r = 0.30, p = 0.020). In contrast, the MiG group showed no significant cor-
relation between CD4 and Femoral BMD (r = 0.0, p = 1.0) and between CD4 and Lumbar
BMD (r = 0.23, p = 0.27). In other words, in Italian patients, an increase/decrease of CD4 val-
ues implicate an increase/decrease of Lumbar BMD or Femoral BMD scores. We did not
observe these correlations in the MiG group. Finally, in Table 3, we report the logistic regres-
sion analysis between Low BMD variable (dichotomous) and the independent variables: Gen-
der (dichotomous), BMI (continuous), Hydroxy-Vitamin D (continuous), CD4 (continuous),
and Previous Fractures (dichotomous) for the total sample, ItG, and MiG.

For this scope, two models were considered. The null model: -2In(Ly), where L, was the
likelihood of obtaining the observations if the independent variables did not affect the out-
come, and the full model: -2In(L,), where L, was the likelihood of obtaining the observations
with all independent variables incorporated in the model. The difference between these two
yields was estimated with the chi-square test to define how well the independent variables
affect the outcome or dependent variable. If the chi-square test was positive (p < 0.05), then
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there was evidence that at least one of the independent variables contributes to the prediction
of the outcome.

By logistic regression, it resulted that only Hydroxy-Vitamin D was negatively correlated to
Low BMD both in total sample (odds ratio, OR = 0.85 and p = 0.0063), and in ItG (OR = 0.84
and p = 0.0309). In other words, an increase (decrease) of Hydroxy-vitamin D contribute to
decreasing (increasing) of Low BMD. In other words, a decrease of Hydroxy-vitamin D con-
tributes to increasing the probability of osteoporosis or osteopenia in the total sample, and par-
ticularly, in the Italian patients. In the migrant group, we did not observe significant
correlations by regression analysis, and the small sample size of migrants considered in our
study may be the reason (see below).

Discussion

Our study shows that “Low BMD” was significantly more frequent in the MiG group in com-
parison to the ItG group (migrants 37.5% vs. 13.6%). In particular, it was significantly more
frequently found in migrant females than in Italian females. Our previous reports [13, 14] on
the prevalence of Low-BMD in HIV mono-infected patients who underwent ARV therapy
showed higher percentage rates of osteopenia (44.9%) and osteoporosis (20.9%) than an age-
related healthy Italian population (18%) [16].

Our current study showed that the percentage of abnormal BMD was mostly restricted to
the lumbar site. The low BMD of the lumbar site in female Migrants was more evident than in
female Italians, and both males and female Migrants had a Z-score value significantly lower
than males and females Italians.

Studies conducted on HIV negative patients have, indeed, shown how osteophyte forma-
tion, bone sclerosis, disk space narrowing, and spondylolisthesis are positively correlated
with lumbar spine BMD. At the same time, there was no association with femoral neck
BMD [31].

In general, anatomical studies suggest that sex-differences in the lumbar spine appear to be
supported by postural differences in sacral bone-orientation and morphological differences in
the vertebral bodies of females [32]. Moreover, emerging data show that pregnant and breast-
feeding women are associated with early osteoporosis, especially in the thoracolumbar spine
[12]. The involvement of the lumbar site is probably justified by the fact that our sample is
younger than in other studies conducted on older populations of HIV negative subjects [13-
15, 33, 34]. HCV is a risk factor for osteoporosis and fractures in the HIV population. In our
studied population, HCV co-infection was found in 18.1% of the enrolled sample. Recently,
one of the authors identified a more lumbar than femoral “low BMD” in HIV/HCV co-
infected patients [16]. The comparison of AIDS diagnosis between Italian and migrants
showed that AIDS was more frequent in Migrants, especially in females. In general, we found
more frequently low CD4 values (<200 cells/ul) in both male and female Migrants in compari-
son with Italian patients. These data are in agreement with the emerging late diagnosis of HIV
infection in young Italians comparing with age-matched female Migrants [24, 25]. By linear
correlation analysis, an increase/decrease of CD4 values implicates an increase/decrease of
Lumbar or Femoral BMD scores only in Italian patients. In contrast, we did not observe simi-
lar correlations in the MiG group. This aspect is probably due to the element that all Migrants
had lower CD4 values than age-matched Italians. Indeed, no migrant had values of
CD4 > 350. Although the mean of BMI in Migrants was lower than Italian patients, the statis-
tical analysis of this variable evidenced that low BMD was significant only in female Migrants.

On the other hand, the comparison of the percentage of patients with abnormal BMI was
significant in male Italians. The logistic regression showed a relationship between low
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Hydroxy-vitamin D and low BMD only in the Italian group. This data should be validated on
a larger sample size.

Low consumption of dairy products, high consumption of soft drinks, moderate sun expo-
sure, and a high prevalence of vitamin D deficiency have been identified among youth as risk
factors for early osteoporosis. The nutrition factor is probably intrinsically associated with the
geographical region and climate extremes (droughts and storms) may aggravate the bone mass
loss of HIV-infected youth.

As reported in other studies, we observed early natural menopause status both in Italian
than in migrant women. This finding was analogous to both groups. Apart from HIV-related
immunologic status (CD4 count and viral load) other socio-demographic variables (marital
status, parity, education, or income) and religious clothing of the female migrant sample may
have influenced the low BMD observed in our study.

To the best of our knowledge, this study is the first DXA-based investigation to study and
assess the BMD among the flow of Migrants and Refugees from countries with a high inci-
dence of HIV infection across the Mediterranean area. In this respect, the fact that our study
includes only Migrants, who were resident in Italy for no more than one year, could offer the
opportunity to carefully assess the risk factors, which stress the bone composition in the HIV
infected population. A recent paper on osteoporosis among HIV positive patients highlighted
how an assessment of baseline bone mass loss within the first two years from the start of ARV
is often lacking in longitudinal studies and claimed that there is some evidence concerning
bone loss within the first year of HIV infection and ART initiation [13, 17]. The findings of a
high prevalence of low BMD in HIV infected Migrants aged less than 50 years of age could
suggest that the first screening for osteoporosis should be carried out as soon as possible and
before the start of ART. This aspect should help the clinician in ARV management. Planning
HIV therapy to prevent bone loss is crucial. We suggest the use of tenofovir alafenamide
(TAF) molecule instead of tenofovir to reduce the risk of bone toxicity [35, 36]. A recent study
enrolled young HIV positive with low BMD showed tenofovir as a key molecule in ARV ther-
apy [11]. TAF is a hepatitis B virus (HBV) nucleotide reverse transcriptase inhibitor for the
treatment of chronic HBV infection in adults with compensated liver disease and has been
approved by the Food and Drug Administration (FDA) for the treatment of HIV-1 in Novem-
ber 2015.

The altered bone remodeling in young HIV positive women may suggest some alertness
about our current preventive health care services. Most of the immigrants diagnosed with HIV
are pregnant women who have undergone tests for sexually transmitted diseases.

Although this study is original and discloses essential steps to improve current management
strategies because of new migrations from underdeveloped countries, there are some limita-
tions. Our research involves a small size of the groups, but the cross-sectional study design still
maintains its validity. This study does not permit us to establish a cause-effect relationship
from our results or to evaluate the impact of osteoporosis risk factors and/or lifestyle risk fac-
tors on the management of bone disease in the HIV population. Thus, a multicentric and pro-
spective study is warranted.

In conclusion, our study raises the question of the need to plan preventive strategies in HIV
Migrants and Refugees, also in the light of the great movement of people from southern Medi-
terranean areas to northern European countries with low sun exposure [21, 22]. The female
Migrants must be protected from precocious low BMD with an additional layer of safety [17-
19, 21, 22, 33]. The approach requires different and specific intervention strategies in the
future. Our data confirm that early screening for low BMD and other risk factors associated
with bone loss in HIV patients is useful [2, 7, 15, 18-20].
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In agreement with the osteoporosis foundation (http://share.iotbonehealth.org/WOD/
Compendium/2019-I0F-Compendium-of-Osteoporosis-PRESS.pdf) the authors stress the
strategies for preventing osteoporosis. The role of nutrition in maintaining bone health associ-
ated with a personalized anti-HIV treatment and daily vitamin supplementation to reduce
early bone loss as well as a baseline DXA are critical steps for HIV Migrants and Refugees after
arrival in the host countries [13,17,20,23,36]. High-risk groups should be first identified, and
osteoporosis investigations should be carried out earlier than at 50 years of age [37-39].

Limitations

As indicated above, our results should be evaluated with caution due to the retrospective
nature of the study. Also, despite the estimated minimum sample sizes of ItG and MiG were
correctly applied and the conditions for the sample size according to Bernoulli are met, pro-
spective and more extensive studies are needed to confirm our results.
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