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ABSTRACT

Background
To determine gender and gonadal function differences in the prevalence of Bone Mass Reduction (BMR or os-
teopenia) and to investigate its associated factors.

Methods

Cross-sectional survey in a cohort of 1962 consecutively recruited HIV-infected patients undergoing evaluation
in a metabolic clinic. Male hypogonadism was defined for total testosterone <300 ng/mL. Female hypogonad-
ism (menopausal) were defined for LH and FSH >20 ng/ml and 17 B-estradiol<40 ng/mL. DXA scans of the lum-
bar spine and femoral neck were performed to determine z-score. For this analysis we excluded subjects using
alendronate and/or VitD therapy, and primary hyperparathyroidism. BMR prevalence was defined for z-score<-1.
Stepwise logistic regressions were performed to investigate independent predictors of BMR in men (both hypog-
onadal and eugonadal) and women in comparison to menopausal women. Endocrine, anthropometric, lifestyle,
HIV and HAART variables were investigated for gender related differences.

Results
1207 (61.52%) males and 755 (38.48%) females were included in the analysis.

Both hypogonadal and eugonadal men categories were independent predictors of BMR in comparison to meno-
pausal women (OR 3.59, CI: 1.94 - 6.65, p<0.001 and OR 3.43, CI. 2.19 - 5.37, respectively); cumulative PI exposure
displayed a borderline risk (OR= 1.04, CI: 1.00-1.09, p=0.048). Protective factors were: 17 B-estradiol (OR 0.96, CI.
0.94 — 0.98, p=0.003) and total lean/BMI ratio (OR per additional unit =0.39, CI. 0.24 - 0.61, p<0.001).

Conclusions
This large case series shows an unexpected high prevalence of trabecular bone mass reduction in men.

We were unable to find an obvious explanation of this gender difference apart from a well known protective role
of 17 B-estradiol and lean mass. It's uncertain the clinical relevance of the borderline risk associated with PIs cu-
mulative exposure.

We hypothesize it is necessary to move to a tissue level (a plausible difference of enzymatic activity of amortize
has been previously suspected by our group) to understand the pathophysiological mechanism of gender differ-
ence in BMR.

This report underline that HIV related bone disease in men and women may be different, natural history of BMR
according to gender is unknown.

1. BACKGROUND

In HIV infected patients receiving antiretroviral therapy (ART), reduced bone min-
eral density (BMD) has been reported at increasing frequency

The guidelines of the International Society for Clinical Densitometry (ISCD) have
recommended to diagnose osteoporosis in men under 65 years and in fertile
women on the basis of Z-score. The term “bone mass reduction” (BMR), identified
for Z-score values below -1 SD, can better describe a homogeneous continuum
of events leading to increased fracture risk and should substitute the terms “os-
teopenia” and “osteoporosis”’, particularly when a study clinical endpoint is based
on BMD alone.

In HIV un-infected subjects, no differences are seen in the rate of bone mass loss
until the onset of menopause, when women show a faster and more pronounced
reduction of BMD than men due to lack of estrogens. We hypothesized that a gen-
der difference in the prevalence and the natural history of bone disease may help
to generate new pathogenic hypotheses in order to explain the high prevalence
of BMR in HIV infected patients.
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2. OBJECTIVE

The aim of our study was to determine both gender and gonadal function dif-
ferences in the prevalence of BMR in HIV-infected patients and to investigate
the risk factors associated with BMR.

3. METHODS

Cross-sectional observational study of consecutive HIV-infected patients recruited in an
outpatient clinic (HIV Metabolic Clinic) at the University of Modena and Reggio Emilia,
[taly, between January 2004 and June 2007.

Inclusion criteria were:
« Serologically documented HIV-1 infection
« Age >18 years
« Stable lipid-lowering and diabetes therapy for at least 6 months

Exclusion criteria were:
 Diseases affecting bone metabolism other than HIV infection
« Vitamin D and/or calcium supplements
« Therapy with bone active drugs (i.e. bisphosphonates, raloxifene, strontium ranelate,
estrogens).

The whole cohort was divided in four groups:
1. Eugonadal men,
2. Hypogonadal men
3. Eugonadal women
4. Post-menopausal women

Male hypogonadism was defined for total testosterone <300 ng/mL. Menopause was de-
fined for FSH >20 ng/ml and 17 B-estradiol <40 ng/mL. Hypovitaminosis D was diagnosed
for VitD plasma level < 30 ng/mL.

Femoral or lumbar BMR was defined by Z-score vauels lower that -1 (ISCD recommendation
for epidemiological studies involving populations affected by chronic conditions leading to
secondary osteoporosis).

Continuous normally-distributed variables were analyzed using ANOVA or T-test; non-nor-
mally-distributed variables using Kruskal-Wallis test or Mann-Whitney test.

Differences in categorical variables were analyzed using the X*-test or the Fisher's exact test
where appropriate.

Multivariable stepwise logistic regression models were performed to investigate indepen-
dent predictors of lumbar BMR in men (both hypogonadal and eugonadal) and women in
comparison to post-menopausal women. In order to analyze a single multivariable statistical
model able to weight at the same time gender and hormone effect, we chose to generate
the categorical variables “"low testosterone” and “low 17-B-estradiol”, separately generated
for men and women, using a cut off identified by the first lower quartile of hormones plasma
level.

Figure 1.
Prevalence of overall BMR, femoral BMR and lumbar
BMR between gender.

Overall BMR

Males 48,88%
X2 test
p-value <0.001
Females 57,22%

™ Normal bone mass
. BMR 0% 25% 50% 75% 100%

Femoral BMR Lumbar BMR

62,30% 63,63% n =439

64,11% 78,01% n =166

0% 25% 50% 75% 100% 0% 25% 50% 5% 100%

X2 test p-value = 0.476 X2 test p-value <0.001

Lumbar BMR
" Normal Lumbar bone mass

- Lumbar BMR

Eugonadal men n=705 63,86%

Hypogonadal men n =63

78,37%

74,24%

Eugonadal women

Post-menopausal women

X2-test p-value < 0.001
0% 25% 50% 5% 100%

5. DISCUSSION and CONCLUSIONS

In order to interpret the higher prevalences of lumbar BMR in males we tried to explore any hormonal, anthropometric, viroimmunologic and therapeutic differences that

may have had a different impact on trabecular bone in men vs. women. and in hypogonadic vs eugonadal population.

1. We confirm the expected lowest bone mass both in post-menopausal women and in hypogonadal men, stressing the obvious association between low levels of
sex steroids and LBM. High prevalence of vitamin-D insufficiency was found both in maleas and in females but we were unable to find any difference in vitamin-D

plasma concentration.

2. Unexpectedly total fat mass resulted to be a risk factor for LBM. We hypothesized that the extent of total fat mass may determine aromatase activity, necessary to
produce 17-B-estradiol and to concentrate it inside the bone micro involvement. The protective role of lean body mass on BMD has been describes by Dolan, as

possibly associated with testosterone levels both in men and in women

3. Immuno-virologic parameters and HIV history were not different between groups. A borderline risk on BMR was associated with PIs cumulative exposure in our co-

hort. Clinical relevance of this finding is uncertain.

This report underlines that HIV-related bone disease in men and in women may be different and natural history of LBM according to gender is unknown
We encourage a special attention on bone mass not only in hypogonadal men and women but in eugonadal men also.
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2092 DXA scan

130 pts excluded (4 hyperparatyroidisn, 126 undergoing treatment for bone dis-

4. RESULTS

ease or Vit D supplementation)
1962 pts analysed

Prevalence of BMR, diagnosed at spine or hip level, was 47.91%, while the rate of
femoral BMR was 37.27% and that of lumbar BMR was 30.85%. Fig. 1 shows prev-

alence of BMR according to gender.

Osteopenia and Osteoporosis percentages were 52.86% and 13.09%, respectively,

In males and 48.08% and 8.08% in females.

Table 1
Comparison in demographic, anthropometric,

endocrinological, HIV-related and DXA
characteristics of the subpopulation groups.

n (%)
Femoral BMD mean (+ SD)

Lumbar BMD mean (x+ SD)

Normal Men
A

1104 (56.27%)
0.78 (0.12)

0.99 (0.13)

Hypogonadic Men

103 (5.25%)
0.79 (0.11)

0.98 (0.14)

DEMOGRAPHICS and RISK FACTORS FOR BONE DISEASE

Fracture history n (%)
Age mean (x SD)

Physical activity
None n (%)
Mild n (%)
Intense n (%)

Smoking
No n (%)
Mild n (%)
Intense n (%)
Missing n (%)

Alcohol consumption
No n (%)
Mild n (%)
Intense n (%)
Missing n (%)

HCYV positive n (%)
ANTHROPOMETRIC VARIABLES
BMI mean (+ SD)

Waist girth cm (x SD)

BODY COMPOSITION

Lipodistrophy
Lipoatrophy n (%)
Central adiposity n (%)
Mixed form n (%)

Total fat mass in grams, median
(range)

Total lean mass in grams, me-
dian (range)

% of leg fat mass, median
(range)

VAT median (range)

VAT/TAT mean (+ SD)
ENDOCRINOGICAL VARIABLES
Testosterone median (range)
17-B-estradiol median (range)
PTH median (range)

Vit-D median (range)
Hypovitaminosis n (%)

HIV RELATED VARIABLES

Risk group
IDU n (%)
Homo/Bisexual n (%)
Heterosexual n (%)

Years of infection median
(range)

Previous AIDS diagnosis n (%)
CD4+/pL Nadir median (range)

CD4+/pL Current median
(range)

HIV Log1o VL (sd)
VL undetectable n (%)

Naives to ART n (%)

Months of Pl exposure median
(range)

Months of NNRTI exposure me-
dian (range)

Months of NRTI exposure median
(range)

93 (8.42)

45.27 (7.32)

749 (67.84%)
225 (20.38%)
130 (11.78%)

546 (49.46%)

180 (16.30%)

337 (30.53%)
41 (3.71%)

549 (49.73%)
492 (44.57%)

21 (1.90%)
42 (3.80%)
(

311 (28.17%)

23.82 (3.45)

87.36 (9.56)

459 (41.58%)
73 (6.61%)
352 (31.88%)

8512 (1221; 110118)

55247 (15014; 86183)

7.54 (2.50; 79.06)

123 (8; 1230)

0.56 (0.16)

537 (300; 1500)
33 (10; 147)
56.8 (10.5; 226)
15.6 (4; 85.5)

703 (63.68)

384 (34.78%)
429 (38.86%)
291 (26.36%)

14.21 (0.40; 23.57)

276 (25.00%)
170 (0; 870)

503.5 (4; 1670)

2.29 (1.06)
599 (54.26%)

47 (4.26)

50 (1; 727)

31 (1; 154)

116.5 (1; 761)

9 (8.74)
46.47 (7.36)
75 (72.82%)

16 (15.53%)
12 (11.65%)

61 (59.22%)

15 (14.56%)

26 (25.24%)
1 (0.97%)

56 (54.37%)
45 (43.69%)
1 (0.97%)

1 (0.97%)

27 (26.21%)

26.02 (5.38)

93.74 (13.77)

34 (33.01%)
21 (20.39%)
35 (33.98%)

12542.5 (2253;
47406)

57957.5 (35377;
78896)

10.00 (3.79; 42.08)

154 (29; 538)

0.54 (0.16)

248 (1.047; 299)
26 (10; 83)
60.45 (17.4; 267)
14.15 (4; 47.5)

93 (90.29)

31 (30.10%)
36 (34.95%)
36 (34.95%)

13.88 (0.84; 23.34)

26 (25.24%)
182 (1; 986)

496 (34; 1564)

2.31 (1.10)
58 (56.31%)

7 (6.80)

47 (1; 129)

34 (1; 108)

120 (1; 298)

Normal Women
C

689 (35.12%)
0.76 (0.11)

0.98 (0.13)

29 (4.21)

41.74 (5.88)

523 (75.91%)
127 (18.43%)
39 (5.66%)

325 (47.17%)

145 (21.04%)

191 (27.72%)
28 (4.06%)

394 (57.18%)
267 (38.75%)
2 (0.29%)
26 (3.77%)

226 (32.80%)

22.51 (4.19)

82.54 (10.63)

181 (26.27%)
79 (11.47%)
302 (43.83%)

11995 (945; 66347)

40140.5 (24779;
79663)

16.82 (3.75; 61.78)

88 (5; 1702)

0.37 (0.14)

40 (10; 653)
99 (10; 740)
57.3 (11.2; 282)
15.45 (4; 78.6)

429 (62.26)

213 (30.91%)
0 (0%)
476 (69.09%)

15.86 (1.44; 23.53)

169 (24.53%)
164 (0; 570)

500 (3; 1400)

2.22 (0.99)
387 (56.17%)

25 (3.63)

44 (1; 196)

32 (1; 124)

122 (1; 425)

Post-menopausal
Women
D

66 (3.36%)
0.69 (0.10)

0.92 (0.11)

4 (6.06)
50.01 (6.18)
51 (77.27%)

14 (21.21%)
1 (1.52%)

30 (45.45%)

12 (18.18%)

24 (36.36%)
0 (0%)

39 (59.09%)
27 (40.91%)
0 (0%)

0 (0%)

24 (36.36%)

23.18 (4.02)

85.31 (11.56)

15 (22.73%)
8 (12.12%)
30 (45.45%)

13171.5 (3595;
35946)

39164 (312009;
51983)

16.44 (4.53; 45.90)

103.5 (15; 293)

0.39 (0.15)

35 (10; 102)
15 (10; 37)
56.3 (22.7; 232)
11.95 (4; 43.4)

59 (89.39)

20 (30.30%)
0 (0%)
46 (69.70%)

16.51 (1.23; 23.45)

24 (36.36%)
177 (0; 607)

502 (88; 1400)

2.31 (1.08)
34 (51.52%)

2 (3.03)

41.5 (4; 150)

27 (1; 145)

128 (2; 354)

p-value
overall

< 0.0001

0.0005

0.004

< 0.0001

< 0.001

0.056

0.006

0.061

< 0.0001

< 0.0001

< 0.001

< 0.0001

0.0001

0.0001

0.0001

< 0.0001

0.0001
0.0001
0.6670
0.0345

0.098

< 0.001

0.0019

0.388
0.4508

0.9866

0.5281
0.681

0.469

0.6710

0.4808

0.8454

p-value
Avs.B

0.6325

0.5830

0.930

0.0545

0.734

0.207

0.609

0.197

0.2146

< 0.0001

0.001

< 0.0001

0.0416

0.0002

0.0009

0.2501

< 0.0001
< 0.0001
0.2698
0.2487

0.154

0.117

0.2209

0.910
0.5897

0.7901

0.8081
0.672

0.327

0.9188

0.4216

0.6713

p-value
Cvs.D

0.0001

0.0001

0.543

< 0.0001

0.290

0.182

0.400

0.433

< 0.0001

0.0533

0.968

0.1443

0.5359

0.4135

0.0348

0.0758

0.0033
< 0.0001
0.8717
0.0030

0.071

0.910

0.9122

0.060
0.7308

0.7550

0.4972
0.314

1.000

0.6227

0.2337

0.7832

p-value
Avs.C

< 0.0001

0.4145

< 0.001

< 0.0001

< 0.001

0.058

< 0.001

0.239

< 0.0001

< 0.0001

< 0.001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001
< 0.0001
0.9672
0.9976

0.979

< 0.001

< 0.0001

0.965
0.1574

0.5104

0.1937
0.389

0.391

0.3635

0.9150

0.3916

p-value
Bvs.D

< 0.0001

0.0019

0.563

0.0004

0.026

0.223

0.839

0.585

0.0002

< 0.0001

0.422

0.2783

< 0.0001

< 0.0001

0.0001

0.0001

< 0.0001
< 0.0001
0.5930
0.0958

0.782

< 0.001

0.1361

0.069
0.6466

0.7036

0.9988
0.617

0.311

0.4013

0.1340

0.8700

Table 2.
Univariate analysis of variables resulted statistically

significant or considered clinically relevant for
interpretation of BMR.

Normal lumbar bone mass Lumbar LBM p-value
n (%) 1357 (69.16%) 605 (30.84%)
Femoral BMD mean (+ SD) 0.80 (0.11) 0.71 (0.11) < 0.0001
DEMOGRAPHICS and RISK FACTORS FOR BONE DISEASE
Fracture history n (%) 80 (5.90) 55 (9.09) 0.004
Age mean (+ SD) 44.19 (7.13) 44.38 (7.06) 0.5926
Smoking
No n (%) 680 (50.11%) 282 (46.61%)
Mild n (%) 249 (18.35%) 103 (17.02%) 0.217
Intense n (%) 381 (28.08%) 197 (32.56%)
Missing n (%) 47 (3.46%) 23 (3.80%)
HCV n (%) 414 (44.76) 174 (47.67) 0.344
ANTHROPOMETRIC VARIABLES
Waist girth cm (+ SD) 85.45 (10.39) 87.06 (11.24) 0.0025
BODY COMPOSITION
Total fat mass in grams, median (range) 10205 (945; 66347) 9966 (1600; 110118) 0.7008
Total lean mass in grams, median (range) 49752.5 (15014; 86183) 51176 (5552; 82227) 0.0373
VAT median (range) 108 (5; 870) 116 (8; 1702) 0.0120
VAT/TAT mean (+ SD) 0.48 (0.18) 0.51 (0.17) 0.0036
ENDOCRINOGICAL VARIABLES
Testosterone median (range)
Men 498 (1.04; 1500) 512.5 (10; 1429) < 0.0001
Women 40 (10; 653) 39 (10; 301) < 0.0001
17-B-estradiol median (range)
Men 34 (10; 147) 30 (10; 95) < 0.0001
Women 92 (10; 740) 70 (10; 495) < 0.0001
PTH median (range) 55.9 (10.7; 282) 59.7 (10.5; 267) 0.0112
Vitamin D median (range) 15.2 (4; 82.2) 15.6(4; 85.5) 0.3656
HIV RELATED VARIABLES
Risk group
IDU n (%) 425 (31.32%) 223 (36.86%) 0.016
Homo/Bisexual n (%) 294 (21.67%) 173 (28.60%) 0.001
Heterosexual n (%) 638 (47.02%) 209 (34.55%) < 0.001
Months of Pl exposure median (range) 47 (1; 727) 47 (1; 201) 0.8401
Months of NNRTI exposure median (range) 34 (1; 154) 28 (1;112) 0.0071
Months of NRTI exposure median (range) 121 (1; 761) 111 (1; 425) 0.0019

Figure 3.

Results of the backward stepwise logistic regression
= EWAIRS

Other covariates included in the model and excluded by the stepwise method: exposure to NNRTISs,
women risk category, years of infection without therapy, VitD plasma level and low testosterone
risk category.
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