Title: HIV and the menopausal transition: effects on musculoskeletal health

Abstract: With effective antiretroviral therapy, HIV infected women are transitioning through menopause and surviving into middle and old age. The adverse musculoskeletal effects of estrogen deficiency may be potentiated in HIV infection, since T cells play a fundamental role in the mechanisms by which estrogen deficiency causes early postmenopausal bone loss. There is increasing evidence that HIV+ women may be at higher risk for clinical features of musculoskeletal senescence - frailty, falls and fracture. We hypothesize that in premenopausal women, estrogen attenuates the adverse effects of HIV infection on the skeleton and muscle, and that the combined effects of declining estrogen levels associated with menopause and persistent T cell activation associated with HIV infection may accelerate bone remodeling and loss of bone and muscle mass to a greater extent in HIV+ than HIV- women. We will address this hypothesis in a longitudinal study of 330 HIV+ and HIV- women currently participating in the Women’s Interagency HIV Study (WIHS). by extending the WIHS Metabolic Substudy to follow HIV+ and HIV- women as they transition through menopause. We will use state-of-the art and novel imaging, cell biology, and biochemical methodologies to determine the effects of the menopausal transition on bone turnover, trabecular and cortical bone density and muscle mass, functional measures of muscle strength, balance and endurance, gonadal and calciotropic hormones, pro-resorptive cytokines and T cell activation, osteoblasts and osteoclasts.
1. Study Purpose and Rationale
    The face of the AIDS epidemic is changing in this country. Women, particularly minority women, are increasingly represented in the ranks of the HIV-infected. With the advent of successful antiretroviral therapy (ART), young HIV-infected women are now transitioning through menopause and surviving into middle and old age. In normal women, menopause is marked by declining estrogen production and accelerated loss of bone and muscle mass, changes that ultimately lead to clinical features of musculoskeletal senescence - frailty, falls and fractures. Menopause is associated with increased T cell activation and production of bone resorbing cytokines such as receptor activator of NFb ligand (RANKL) and tumor necrosis factor alpha (TNF)[1] and T cells are now thought to play a fundamental role in the mechanisms by which estrogen deficiency causes early postmenopausal bone loss[2, 3]. As HIV infection is associated with persistent T cell activation and increased production of RANKL and TNF, the adverse skeletal effects of estrogen deficiency may be potentiated in HIV+ women. Another concern is the association between estrogen deficiency and loss of muscle mass and strength [4, 5]; this process may also be accelerated in HIV+ women during the menopausal transition, thus increasing the risk of falls. In this regard, a recent study found that spine, hip and wrist fractures were 2-3 times higher in HIV+ postmenopausal women than HIV- controls[6].

    In the Women’s Interagency HIV Study (WIHS) Metabolic Substudy (MS), we found significantly lower bone mineral density (BMD) in HIV+ than HIV- premenopausal women; however, serum pro-inflammatory cytokines, bone resorption markers, rates of bone loss[7] and incidence of fracture[8] did not differ significantly by HIV status. In contrast, in a separate study of postmenopausal (PM) minority women, we detected significantly lower BMD, and higher serum levels of bone resorption markers and rates of bone loss in HIV+ than HIV- women[9, 10]. Also in contrast to our findings in premenopausal HIV+ women, serum levels of TNF were higher in HIV+ than HIV- postmenopausal women and attenuated the association of HIV and BMD in the model, suggesting that TNF mediated the effects of HIV on BMD. Multiple animal/in vitro studies have demonstrated that acute estrogen deficiency upregulates T cell TNF production, primarily by increasing the number of TNF-producing T cells[3]. Conversely, estrogen downregulates T cell activation and mitigates the effects of T cell-derived, pro-inflammatory cytokines on osteoclast-mediated bone resorption. We therefore hypothesize that estrogen attenuates the adverse effects of HIV infection on the skeleton in premenopausal women [11] and that during the menopausal transition, the combined effects of declining estrogen levels and persistent T cell activation associated with HIV infection may accelerate bone remodeling and bone loss to a greater extent in HIV+ than HIV- women. 

    We will address these hypotheses in a cohort of mainly minority women (reflective of the HIV epidemic in women) currently participating in the WIHS MS. Building upon five years of already acquired longitudinal data, this value-added proposal will delineate the effects of the menopausal transition on bone turnover, rates of bone loss, muscle mass, strength and function in these women. We will also determine whether, and by what mechanisms, estrogen deficiency modifies relationships between the musculoskeletal and immune systems in the setting of HIV infection. To a major extent, we will use biomarkers, repository specimens and other data from previous WIHS studies.  We will apply novel imaging technologies, such as quantitative CT to assess trabecular and cortical volumetric BMD (vBMD), hip and thigh muscle mass, and intramuscular fat content, and apply cell biology techniques to peripheral blood mononuclear cells (PBMCs) to assess osteoclast/osteoblast precursors and apoptosis. Elucidation of the dominant and modulatory pathways associated with excess bone loss in aging HIV+ women is critical to the development of mechanistic, interventional studies to prevent of the deleterious effects of menopause on their musculoskeletal health.

Specific Aim 1: To compare HIV+ and HIV- women undergoing the menopausal transition with respect to bone turnover markers and rates of trabecular and cortical bone loss.

Hypothesis 1: During the menopausal transition, HIV+ women will have higher bone turnover and rates of trabecular and cortical bone loss than HIV- women, and also than premenopausal HIV+ women. 

Specific Aim 2: To determine the effects of estrogen deficiency on T cell activation, osteoclast and osteoblast precursors and osteoblast apoptosis in HIV+ and HIV- women. 

Hypothesis 2: During the menopausal transition, HIV+ women will have greater increases in activated T cells, pro-inflammatory cytokines, osteoclast formation and apoptotic osteoblast precursors than HIV- women, and these markers will be associated with increased bone turnover and decreased bone and muscle mass.

Specific Aim 3: To compare HIV+ and HIV- women undergoing the menopausal transition with respect to changes in muscle mass, strength, and functional measures of fall risk.

Hypothesis 3: During the menopausal transition, HIV+ women will have a greater rate of decline in hip and thigh muscle mass and muscle strength, and greater increase in measures of fall risk than HIV- women.
2. Study Design and Statistical Procedures
2.a. Study Design: This is a longitudinal study to investigate the contribution of HIV infection and estrogen deficiency during the menopause transition to musculoskeletal health in 330 HIV+ and HIV- women. We will build upon data from the WIHS MS. WIHS is an ongoing, multicenter observational study of 3,766 women recruited from 6 US cities during 2 enrollment periods (1994-5, 2001-2)[12, 13] A key scientific priority of the 4th 5-year cycle of WIHS has been to understand the pathogenesis of long-term comorbidities. In the WIHS MS, 440 women (122 HIV-, 318 HIV+) with a median age of 42 from the WIHS San Francisco (SF), Bronx and Chicago sites were enrolled from April 2003 through October 2006 and subsequently followed 2 and 5 years later. In this study, we will extend the WIHS MS by repeating dual energy xray absoprtiometry (DXA) tests in WIHS participants at Years 8 and 10, and add hormonal and cytokine measures, bone turnover markers (BTMs), quantititative CT (QCT) for bone and muscle, measures of muscle strength and function, as well as novel in vitro immune and bone cell assays.  Columbia University Medical Center will serve as the site for both central QCT and High-Resolution peripheral QCTs (HR-pQCT) for participants from Bronx, NY. 

Table 1 shows the proposed data to be collected in relation to the WIHS MS. At each visit in the proposed study, serum will be analyzed for gonadal and calciotropic hormones, cytokines (TNF-α, IL6, RANKL, osteoprotegerin), and bone turnover markers (osteocalcin, C-telopeptide) and compared to banked sera from the WIHS repository from a premenopausal timepoint. DXA will be utilized to measure areal BMD (aBMD), body composition, and vertebral fracture assessment (VFA), QCT will be utilized to measure vBMD. A subgroup (Bronx) will also have HR-pQCT to examine vBMD of the radius and tibia to correlate central and peripheral CT findings.  
	Table 1. Study Procedures
	Metabolic Substudy (MS)
	Proposed study

	
	Premenopause
	Late peri-/Early PM

	
	Year    0

(2003-6)
	Year 2 (2005-8)
	Year 5 (2009-11)
	Year 8 (2012-14)
	Year 10 (2014-16)

	WIHS Semiannual Visit #
	V18-V23
	V22-V28
	V29 –V33
	V35 – V38
	V39 – V42

	Aim 1
	
	
	
	
	

	Hormones, cytokines, BTMs
	a
	X
	X

	BMD & Body comp by DXA
	A
	A
	A
	X
	X

	VFA by DXA
	
	
	
	X
	X

	Central QCT of spine and hip
	
	
	
	X
	X

	HR-pQCT (Bronx only)
	
	
	
	X
	X

	Aim 2
	
	
	
	
	

	Immunological assays
	a
	X
	

	Osteoblast Assays
	a
	X
	

	Osteoclast Assays
	
	X
	

	Aim 3
	
	
	
	
	

	Lean mass by DXA
	A
	A
	A
	X
	X

	Pelvic & thigh muscle by QCT
	
	
	
	X
	X

	Strength/ fall assessment
	
	
	
	X
	X

	Grip strength assessment
	
	A
	
	X
	X

	A= available data; a= to be performed on stored sera/PBMCs; X= data to be collected


2.b.Statistical Procedures (Specific Aim 1):

Design Overview: We will enroll only participants in late perimenopause or early PM (late peri/early PM). The majority will be enrolled as part of an extension of the WIHS MS. This strategy will enable us to utilize BMD data and stored specimens already obtained in WIHS MS to compare premenopause to late peri/early PM stages.  Participants will undergo DXA to measure aBMD of the spine, hip and forearm. New studies in women at the proposed Year 8 and Year 10 exam of the WIHS MS will include performance of central QCT to measure vBMD of hip and spine and HR-pQCT to measure vBMD of the radius and tibia. Vertebral fracture prevalence will be assessed by VFA. Sera collected at the semi-annual CORE visits will be analyzed to assess calciotropic and gonadal hormones, BTMs, and cytokines. We will perform a cross sectional analysis comparing baseline aBMD, central (spine and hip) and peripheral (radius and tibia) trabecular and cortical vBMD, VFA, and BTMs in HIV+ and HIV- late peri/early PM women using data from Visit 8 and a longitudinal analysis comparing rate of change in aBMD and trabecular and cortical vBMD between HIV+ and HIV- late peri/early PM using data from Visit 8 and 10. In both analyses, we will examine associations between aBMD and vBMD with hormone and cytokine levels, body composition and other known correlates of BMD. We will also compare rate of change in aBMD in HIV+ women at the premenopause and late peri/early PM stage in participants previously enrolled in WIHS MS, and examine associations between hormones, cytokine, body composition and other correlates.   
Covariates of Interest: At each WIHS substudy visit, data are acquired through questionnaires, physical examination and collection of biological specimens. The following variables will be assessed in their relationship to bone and muscle parameters: demographic and behavioral variables (age, race, smoking, alcohol use, opiate use), anthropomorphic measures (weight, BMI, fat and lean mass by DXA and QCT both at baseline and annualized change), comorbid conditions (HBV/HCV infection, diabetes), calciotropic and gonadotropic hormones, cytokines. Analyses restricted to HIV+ women will include HIV-related variables (CD4 count, nadir and current, HIV plasma RNA, AIDS-defining illness) and ARV exposure (cumulative and current exposure to ART class and individual ARVs).
Expected results: We expect that BTMs and cytokines will be higher in HIV+ than HIV- late peri-/early PM women, and associated with lower aBMD and vBMD in HIV+ women at baseline. Declines in aBMD and trabecular and cortical vBMD will also be greater in HIV+ than HIV- late peri-/early PM women. In participants with premenopausal data, we expect that BTMs and rate of change in aBMD and vBMD will be greater in the late-peri-/early PM than premenopausal stage, and between group (HIV+ vs HIV-) differences will be greater at the late peri-/early PM stage. 

Statistical Plan: Determination of the cumulative amount of time spent in each menopausal stage will follow the algorithm utilized in SWAN [14]. The rate of change in aBMD and trabecular and cortical vBMD during each menopausal stage will be estimated using separate linear mixed models for each outcome, as outlined above under general analytic strategies. Repeated measures of each outcome will be modeled as a function of two separate time variables, one for the cumulative amount of time spent in each menopausal stage (premenopause and late peri/early PM). We will use the models developed for each outcome to compare rates of change in HIV+ and HIV- women within and between menopausal stages.
Power and Sample Size: All power calculations were performed using SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina, USA).  Separate calculations were performed for 80% and 90% power, with all calculations assuming a two-tailed α=0.05. A previous study of premenopausal women[7] reported an annual decrease in lumbar spine BMD of -0.8%±2.1%  for HIV+ and -0.4%±1.9% for HIV- women and an annual decrease in femoral neck BMD of -0.8%±3.4%  for HIV+ and -0.6%±1.6% for HIV- women.  Because we anticipate 10% loss to follow-up, we will recruit 330 participants, which will yield 100 HIV- and 200 HIV+ late peri/early PM women. Assuming a pooled SD of 2% for lumbar spine, we will have 80% power to detect a difference of 0.7% and 90% power to detect a difference of 0.8% between HIV+ and HIV- women in annual lumbar spine decrease. Assuming a pooled SD of 2.8% for femoral neck, we would have 80% power to detect a difference of 1.0% and 90% power to detect a difference of 1.1% between HIV+ and HIV- women in annual femoral neck decrease. This is within the range of the 0.5-0.9% between-group difference that we saw in the postmenopausal study[9]. We anticipate that controlling for demographic and other factors in multivariable repeated measures analysis will substantially reduce the residual SD, giving us power to detect an even smaller difference between HIV+ and HIV- women in BMD measures.
2.c.Statistical Procedures (Specific Aim 2):

Design Overview: We will analyze PBMCs from 200 subjects (140HIV+, 60HIV-) at premenopause (defined by regular menses and anti-mullerian hormone>0.1ng/ml) using PBMCs from the WIHS repository and late peri/ early PM using PBMCs collected during the proposed study (Table 1). Since the osteoclast assays are labor-intensive and require fresh PBMCs, we will compare osteoclast activity only in HIV+ and HIV- late peri/early PM participants from the Bronx site (Table 1), and will not have premenopausal specimens for comparison. As an additional comparator group, we will examine immunological and bone cell measures in HIV+ women receiving exogenous estrogen by using PBMCs from the WIHS repository in 30 HIV+ women aged 45-55 who were receiving HRT. We will also examine associations between immunological and bone cell measures and change in BTMs, TNF(/RANKL/IL6, and aBMD and vBMD, muscle mass and function.  
Covariates of interest: Age, race, HIV-related variables (CD4 count, nadir and current, HIV RNA, antiretroviral exposure), calciotropic and gonadotropic hormones (PTH, 25OHD, estradiol, estrone, SHBG), and cytokines (TNFα, IL6, RANKL, OPG). Given the known association between immune activation and chronic cytomegalovirus (CMV) infection, we will also adjust for CMV serostatus in the analyses.

Expected results: Studies of immune phenotypes in the general population have demonstrated increased proportions of activated (CD8+ cells co-expressing TNF-α and IFN-γ) and senescent (CD8+CD57+) T cells from circulating PBMCs[15] and lower numbers of memory CD4+ T cells (CD4+/CD27+/CD45RA-) expressing RANK and CD28 in PM women with osteoporotic fractures[16]. Senescent T cells are an important source of TNFα production in the bone marrow in an estrogen deficient state[3], and may also be an important mechanism of aging-related bone loss. We expect that the proportion of CD8+ T cells with markers of immune activation and senescence will be higher in late peri/early PM HIV+ than HIV- women and associated with increased numbers of osteoclast and osteoblast precursors, total and % free estradiol, BTMs, and Tb and Ct bone loss as well as increased loss of lean body mass, hip and thigh CSA, and muscle strength and function. Circulating osteoclast and osteoblast precursors and apoptotic osteoblast precursors will be similarly higher in late peri/early PM HIV+ than HIV- women, and associated with increased BTMs and Tb and Ct bone loss. Among HIV+ women, we expect that the proportion of activated T cells will be higher in PBMCs from the late peri/early PM stage than the premenopause stage. Finally, we expect that in HIV+ participants receiving exogenous estrogens, immune and bone cell parameters will be similar to those of premenopausal HIV+ women. 
Statistical Analysis Plan: The general analytic approach described for Aim 1 will apply to Aim 2.  Outcome measures will include proportions of CD4+, CD8+ T cells with markers of immune activation (CD38\HLA DR), senescence (CD57\CD28), cytokine expression after stimulation, and CD4+ and CD8+ T cell memory\naive (CD45RA\CCR7) subsets with markers of immune activation (CD38\HLA DR) and RANK/RANKL expression. Outcomes also include osteoclast and osteoblast cell precursor numbers and proportion with apoptosis markers.  For Aim 2, each participant will have data from a premenopausal (WIHS MS repository) and late peri/early PM stage (visit Year 8).  Repeated measures will be modeled for each outcome to compare differences in proportions in HIV+ and HIV- women within and between menopausal stages. We will also use models developed to examine associations between immunological and bone cell measures, and between immunological and bone cell measures and BTMs, TNF(/RANKL/IL6, BMD and muscle outcomes in Aim 1 and Aim 3, respectively. 

Sample Size and Power: A WIHS cardiovascular substudy (n=159) demonstrated significantly higher activation and senescence markers in HIV+ than HIV- women[17] and the Immunos study found significant correlations between T cell subsets and FN BMD in 26 PM women with osteoporotic fracture and 24 PM controls[16]. In a study comparing circulating osteogenic cell number in patients with hypoparathyroidism (n=19) and controls (n=19), Rubin et al. found fewer OCN+ (Mean±SEM: 0.7 ± 0.1 vs. 2.0 ± 0.1%; p<0.0001) and more OCN+/CD34+ cells (Mean±SEM: 11.0 ± 1.0 vs 5.6 ±0.7%) in subjects than controls [18].  Assuming a pooled SD of 1.4% for OCN+ and 11.5% for OCN+/CD34+ cells, 140 HIV+ and 60 HIV- subjects provide 80% power to detect a difference of 0.61% and 90% power to detect a difference of 0.70% in OCN+ cells and 80% power to detect a difference of 5.0% and 90% power to detect a difference of 5.8% in OCN+/CD34+ cells between HIV+ and HIV- women. Based on the Immunos study, we have 80% power to detect a correlation of 0.197 between T cell subsets and femoral neck BMD and 90% power to detect a correlation of 0.227.

2.d. Statistical Procedures (Specific Aim 3):

Design Overview: Our goal is to determine whether there are differences muscle mass and quality, and functional measures of strength, balance, and endurance in HIV+ and HIV- women in late peri/early PM at baseline (visit Year 8) and whether there are group differences in rate of change in these measures over two years of early PM (visit Year 8 to Year 10). We will determine whether change in muscle function is better correlated with declines in mass or quality (increased intramuscular fat). And through modeling, we will assess whether T cell activation and inflammation mediate declines in muscle mass and function. Aim 3 will utilize the same approach as Aim 1. In a subgroup of women with grip strength data collected from a previous WIHS substudy[19], we will also compare annualized change in grip strength during premenopause and late peri/early PM.

Covariates of Interest: Same as in Aim 1
Expected results: We expect that lean mass, pelvic and thigh CSA will be slightly lower in HIV+ than HIV- late peri/early PM women at baseline, but rate of decrease in muscle mass will be much greater in HIV+ than HIV- women. We also expect that decreased muscle mass will be associated with lower total and % free estradiol, higher levels of T cell activation and TNF/RANKL/IL-6 in HIV+ women, and associated a more rapid decline of muscle strength, balance and endurance. 
Statistical Analysis Plan: Baseline differences and rate of change in muscle mass (appendicular lean mass by DXA, pelvic and thigh muscle CSA by QCT) and quality (attenuation coefficient), and functional measures of strength, balance and endurance during late peri/early PM will be estimated using separate linear mixed models for each outcome, as outlined above under general analytic strategies. Covariates utilized in this analysis are similar to Aim 1. 

Sample size and Power: One study of early PM women (n=77), demonstrated a -1.17+2.03% (mean±SD) annual decrease in appendicular lean mass by DXA[20]. Another study (n=530) demonstrated a -0.2 kg/yr annual decrease in grip strength[21]. Assuming a pooled SD of 2.03%, 300 subjects (200 HIV+ and 100 HIV-) will provide 80% power to detect a difference of 0.69% and 90% power to detect a difference of 0.81% in change in muscle mass between HIV+ and HIV- women.  Based on the observed significant decrease of -0.2 kg/yr (p<0.005) in grip strength, we estimate a SD of 0.07.  Assuming a pooled SD of 1.2, 300 subjects will provide 80% power to detect a 0.41 kg/yr difference and 90% power to detect a 0.48 kg/yr difference between HIV+ and HIV- women in change in grip strength. 
3 Study Procedures
3.a. Biochemical Assays: All WIHS specimens were collected fasting in the morning, aliquoted, frozen immediately, stored at -80o, and will be run in batches at the Columbia University Medical Center Irving Institute for Clinical and Translational Research (CUMC IICTR). Interassay precision is given in brackets after each test. OCN by ELISA (N-mid Osteocalcin, IDS Ltd, Fountain Hills, AZl; 12.7% at 26.2 ng/ml). CTX by ELISA (IDS Ltd, Fountain Hills, AZ; 10.7% at 0.121 ng/ml). FSH by chemiluminescent immunometric assay (Immulite, Deerfield, IL; <5%) Estradiol by gas chromatography/mass spectrometry (Agilent 7000 series; <10%); Estrone by RIA (DSL, Webster, TX; 9.0%,).  SHBG by ELISA (DSL, Webster, TX; 3.7% at 26 nmol/L). Free estradiol (%) will be calculated by the formula of Sodergard et al.[22] PTH by total intact PTH IRMA (Scantibodies Laboratory, Inc., Santee, CA; 5%) 25-OHD is measured by RIA (Diasorin RIA, Stillwater, MN; 15% at 17 ng/mL and 15% at 57 ng/mL). OPG by ELISA (Immundiagnostik, Bensheim, Germany; 8% at 19.5 pg/mL). Total soluble RANKL by ELISA (Immundiagnostik, Bensheim, Germany; 7.1% at 2300 pg/mL). TNF by high sensitivity ELISA (R&D Systems, Inc. Minneapolis, MN; 16.7% at 2.4 pg/mL). IL-6 by chemiluminescent immunometric assay (Immulite 1000, Siemens, Deerfield, IL; <5%)  
3.b. aBMD, Body Composition and Vertebral Fracture Assessment (VFA) by DXA: aBMD of the LS (L1-4), proxi​mal femur and non-dominant forearm, lean body mass (total and appendicular) and fat mass (total, trunk and appendicular), and VFA will be measured on Lunar Prodigy densitometers (GE Medical Systems, Madison WI) at all 3 sites. Dedicated technologists, certified by the International Society of Clinical Densitometry, with long-term research experience perform all scans. Phantoms are scanned daily to check for detector drift; the results are appended to a quality control database. A phantom will also be circulated among the 3 sites biannually. Results are downloaded to specific project databases and sent electronically without identifiers to be read centrally by the Image Analysis Lab (IAL), a leading imaging analysis center within the Obesity Research Center at St. Luke’s Roosevelt Hospital, NY. IAL performed the DXA analysis for the WIHS MS and has performed other imaging studies for WIHS. VFA demonstrates good agreement with conventional radiographs (96.3%, k=0.79) in classifying vertebrae as normal or deformed[23] and has good sensitivity (91.9%) in identification of moderate to severe deformities and excellent negative predictive value (98%)[24]. 
3.c. vBMD and Muscle Mass by cQCT: Volumetric QCT acquisitions of the L1-L2 vertebrae and the hips (80 kVp, 140-300 mAs, 2.5 mm slice thickness, pitch=1, standard reconstruction algorithm, Image Analysis QCT Calibration Phantom) and a single slice through the mid-thigh will be performed on GE Light Speed VCT 64 (New York, SF) or Siemens Definition dual source 64 (Chicago) using a standardized protocol. Scan data are forwarded to IAL for scan quality assurance and analysis using QCT Pro (Mindways, Austin, TX) to quantify Tb and Ct vBMD of the spine and hip. In order to ensure comparability of data obtained on different CT scanners, CT data are cross-calibrated using the Image Analysis Torso phantom which will be circulated to all 3 sites biannually. Our collaborator and consultant, Thomas Lang, PhD (see letter of support) will provide additional guidance to the IAL. He has vast experiences with QCT analyses that have demonstrated correlation of not only between hip vBMD parameters and fracture [25-29] but also between cross sectional area (CSA) of the thigh muscle[30] and pelvic musculature and hip fracture[31]. Attenuation of muscle will also be assessed since increased fat accumulation in muscle with aging is an important aspect of sarcopenia[32]. Mean attenuation coefficients by QCT correspond with histological assessments of fat accumulation within and between thigh muscles[33] and predict incident mobility limitations in older persons[34]. 

3.d: HRpQCT is performed on the XtremeCT (Scanco Medical AG, Switzerland) at CUMC on only participants from the Bronx WIHS. The nondominant distal radius and tibia are immobilized in a carbon fiber shell[35-37]. The region of interest is defined on a scout film by manual placement of a reference line at the endplate of the radius or tibia. A stack of 110 parallel CT slices is acquired at the distal end of both sites (effective energy 40 keV, slice thickness 82 µm, image matrix size 1024x1024, nominal voxel size 82 µm. This provides a 3D image of 9 mm in the axial direction. Attenuation data are converted to equivalent hydroxyapatite (HA) densities. The European Forearm Phantom is scanned regularly for quality control. The analysis methods have been described, validated[38-41], [42]and applied in recent clinical studies
 ADDIN EN.CITE 
[35-37, 43-47]
. Briefly, the volume of interest (VOI) is automatically separated into Ct and Tb regions using a threshold-based algorithm set to 1/3 the apparent cortical bone density (Dcort). Mean Ct thickness (Ct.Th) is defined as the mean cortical volume divided by the outer bone surface. Tb bone density (Dtrab) is the average bone density within the Tb VOI. BV/TV (%) is derived from Dtrab assuming a density of fully mineralized bone of 1,200 mg HA/cm3 (BV/TV = 100 x Dtrab/1200 mg HA/cm3). The resolution of the XtremeCT approximates the width of individual trabeculae; therefore, Tb structure is assessed using a semi-derived algorithm[40]. 
3.e. Characterization of T cell immune activation, senescence, cytokine production and RANK/RANKL expression will be performed by polychromatic flow cytometry on frozen/thawed PBMCs in the laboratory of Dr. Alan Landay (Rush Medical Center). Frozen PBMC will be thawed rapidly and incubated overnight at 37oC 5% CO2.  Cytokine assays will be performed in vitro on PBMC after no stimulation (media alone) or stimulation with phorbol 12-myristate 13-acetate (PMA, 10 ng/ml) and Ionomycin (1 ug/ml) for 6 hours at 37oC in the presence of brefeldin A. To assess cell viability, PBMC will be stained with Aqua Live/Dead cell stain kit (Invitrogen) prior to cell surface staining and intracellular cytokine staining. Cells in the cytokine assay will be stained with fluorochrome-conjugated monoclonal antibodies to CD3, CD4, CD8, CD57, CD28, HLA DR, and CD38.  For intracellular cytokine detection, cells will be fixed and permeabilized and stained with fluorochrome conjugated IL-6 and TNFα cytokine antibodies. Phenotypic analyses will be performed to assess CD4+ and CD8+ memory/naïve cell subsets for markers of immune activation and RANK/RANKL expression. Cells will be stained with fluorochrome-conjugated monoclonal antibodies to CD3, CD4, CD8, CD45RA, CCR7, HLA DR, CD38, and RANK/RANKL, washed, fixed in 2% formaldehyde, and analyzed on a LSR2 flow cytometer (BD) using FlowJo software.  Immune activation (CD38+\HLA DR+), senescence (CD57+/CD28-) and cytokine (TNF-α, IL-6) analyses will be performed on CD4+ or CD8+ T cells. We will also evaluate the immune activation and RANK/RANKL expression on central memory (CD45RA-\CCR7+), naïve (CD45RA+\CCR7+), effector memory (CD45RA-\CCR7-), and terminal effector (CD45RA+\CCR7-) CD4 and CD8 T cells. 

3.f. Osteoblast and Osteoclast studies will be performed in the laboratory of Dr. Manavalan and Kousteni at Columbia University Medical Center. Quantification of Peripheral Blood Osteogenic Cells (Osteoblasts): Frozen PBMCs will be thawed as above and immunostained for flow cytometry analysis[18, 48-50]. PBMCs will be resuspended in flow-staining buffer (PBS plus 2% FBS) and the primary unconjugated goat polyclonal anti-human osteocalcin antibody (Santa Cruz Biotechnology) is added. After incubation at 4oC, the cells will be washed twice and fluorochrome-conjugated primary APC conjugated anti-CD15, and anti-PE-Cy7 conjugated CD34 (both from Becton Dickinson, San Diego, CA) antibodies and secondary FITC –conjugated donkey anti-goat antibody (Jackson ImmunoResearch) will be added. The cells are then incubated at 4oC and washed twice before flow cytometry analysis. Three-color flow cytometry acquisition is performed using a LSR II flow cytometer (Becton Dickinson, San Diego, CA) and analysis using FLO-JO software. During acquisition/analysis, cells are gated for size, shape and granularity using forward and side scatter parameters. CD15 positive granulocytes are excluded prior to gating for specific osteogenic precursor populations, OCN+CD34+ and OCN+/CD34-. Osteoblast precursor number will be examined by determining the numbers of osteogenic precurdors in the periphery. Apoptosis will be quantified by measuring caspase 3 activity using the Ac-DEVD-AFC fluorogenic substrate (AFC) (Biomol) at the FLUOstar Omega (IMGEN) fluorometer as we have previously described[51]. Quantification of Osteoclastic Cells: Osteoclast precursors are isolated from freshly isolated PBMC by magnetic bead sorting using anti-CD14 magnetic beads (Miltenyi Biotec). CD14+ cells are cultured for 3 days in MEM medium (Invitrogen) supplemented with 10% FBS (HyClone) and 30 ng/ml rhM-CSF (Peprotech) at a density of 6 x 104 cells per well in a 96 well plate and then supplemented with 40 ng/ml human soluble RANKL (Peprotech) for an additional 6 days Cytokines will be replenished every 3 days. On day 9, cells will be fixed and stained for TRAP using an acid phosphatase leukocyte diagnostic kit (Sigma-Aldrich) as recommended by the manufacturer. Multinucleated (greater than three nuclei) TRAP-positive osteoclasts will be counted in triplicate wells.
3.g.. Muscle strength, balance, endurance: This battery of muscle strength, balance and endurance measures was developed in consultation with Dr. Luigi Ferrucci based upon his extensive experiences in the Baltimore Longitudinal Study on Aging (BLSA) and other aging cohorts[52-54]. Dr. Ferrucci and his staff at BLSA will train the WIHS investigators and personnel in performance of these measures at the semi-Annual WIHS meeting, and help to ensure quality control. Muscle strength will be assessed in two ways: Grip Strength as performed previously in a cross section of WIHS[19]. Participants will squeeze a hand-held Jamar dynamometer with maximum force using their dominant hand, the best of three attempts will be utilized in analysis. Grip strength has been shown to identify mobility problems with equivalent precision to measures of lower extremity strength and power[54] and to be as predictive of fracture as quadriceps strength in PM women[55]. Sirola et al. demonstrated that a change in grip strength over a 5-year interval predicted future falls in perimenopausal women[56, 57]. The Repeat Chair Stand is a functional test of lower extremity performance that has been proposed as a proxy measure of strength in the clinical setting. By measuring time to completion of 10 chair stands instead of the standard 5, we will minimize the ceiling effect for this higher functioning cohort. Static balance will be assessed with the Standing Balance Test. Subjects are asked to stand in several different positions with progressive narrowing of the base of support, namely the side-by-side stand, the semi-tandem stand (i.e. heel of one foot touching the great toe of the other foot), the tandem stand (i.e. heel-toe position), the single leg stand (i.e. opposite foot in knee flexed position with toes about 2 inches from the floor). The duration for which the participant can hold the stance without taking a step or grabbing for support is recorded. In order to reduce the possibility of a ceiling effect, we will add the one-leg stand and increase the duration that subjects will be asked to hold each position to 30 seconds [58]. Dynamic Balance will be assessed with the Functional Reach Test, which is widely used in geriatric populations, has been prospectively validated, and has a high test-retest and inter-rater reliability[59, 60]. This test measures the distance the subject can reach in front of him from a standing position without losing balance. Endurance will be assessed by a 6 Minute Walk, which measures the maximum distance a person can walk in 6 minutes. It is easy to administer and has been validated as an integrated measure of mobility in the older adults[61]. 
4. Study Drugs or Devices 
(N/A)

5. Study Instruments

Muscle performance measures are attached
6. Study subjects

The proposed study extends follow-up of women in the Women’s Interagency HIV Study (WIHS) Metabolic Substudy (MS) through the menopausal transition, and adds novel imaging tests and in vitro assays to understand the changes in musculoskeletal health. The WIHS MS originally enrolled 440 women from 2003 to 2006 and performed DXA scans to measure BMD and body composition at the baseline visit, and 2 and 5 years after enrollment.  Of the 440 women, we estimate that 227 participants will agree to participate in a year 8 and 10 exam based on the study inclusion criteria and prior retention rates. An additional 100 WIHS participants (not originally enrolled in the WIHS MS) will be targeted for enrollment from WIHS MS sites (San Francisco, Bronx, Chicago).  We do not anticipate any problems with enrolling 100 more participants into the WIHS MS extension, because WIHS will be open for new enrollment beginning in January 2011. 
Inclusion criteria: WIHS participant between ages 40-60 from the three WIHS MS sites who are (1) either in late perimenopause (no bleeding in 3-11 of the last 12 months) based upon the SWAN study definitions[14] or early postmenopausal (no bleeding for >1 but <5 years) and (2) have an Anti-Mullerian Hormone level <0.1 ng/ml.  Exclusion criteria: (1) history of bisphosphonate use, (2) estimated glomerular filtration rate (GFR) <60ml/min, (3) weight >264 lbs, the maximum weight of the densitometer (4) current hormone replacement therapy (5) current glucocorticoid use (oral or inhaled), (5) If HIV-infected, participants must be on ART for > 1 year in order to avoid the acute bone loss associated with ART initiation, and have current CD4>100 cells/(l, no history of AIDS wasting, and no opportunistic infections within the last 3 months to limit the variability of uncontrolled HIV on immunologic and musculoskeletal parameters. 

Also specifically excluded are the following: 1) protected individuals (institutionalized); 2) prisoners; 3) any other prospective participant who, for any reason, might not be able to give voluntary informed consent. 

7. Recruitment

Most of the potential participants are already enrolled in WIHS MS and will be asked by the principal investigators at each site (Drs. Tien, Co-PI of the Northern California WIHS at San Francisco; Dr. Anastos, PI of the Bronx WIHS; Dr. Cohen, PI of the Chicago WIHS) and/or their staff whether they would like to participate in the extension study. Additionally, participants who are enrolled in WIHS but had not previously been in WIHS MS will be approached to enroll in the proposed study. 
8. Informed Consent Process
The site principal investigators will be directly responsible for enrolling subjects and obtaining consent for the study. Written consent will always be obtained according to appropriate Informed Consent forms that will be reviewed and approved by the institutional review board at each WIHS site. Potential participants are assured that participation is voluntary and that refusal to participate will not influence their care.  Statements to this effect will be included in all Informed Consent forms, which will be signed by the investigator obtaining consent and by the subject in the presence of a witness. All investigators have completed courses in Good Clinical Practices and HIPAA compliance. Written informed consent will be obtained for every subject by the investigators after an explanation of the purpose, risks and benefits of the study. Confidentiality will be guarded with the use of computers that are password protected and storing questionnaires with sensitive information within a locked file. All subjects will be provided with instructions on how to contact the investigative team if any problems or concerns arise.
9. Confidentiality of Study Data

Personal Identifying Health Information (PHI) of participants will be kept only on paper in secure files accessible to the WIHS site PIs and project coordinators. Data will be recorded on case report forms on which the only identifier is a research ID code. Only the WIHS site PIs and project coordinator have access to the link between the research ID code and PHI. No names or identifying information will be included in research reports.  Subjects' names will not appear on questionnaires.   All computers housing research data have passwords and timed screen savers requiring a password for access.
10. Privacy Protections

Only a select group of study personnel will have access to patient study files. We are fully committed to safeguarding an individual’s expectation that the information they offer will be held in confidence. As we are dealing with particularly sensitive information with this patient population, we will take all necessary precautions to ensure that a subject’s HIV status is kept confidential and secure including signing a certificate of confidentiality; once we have received IRB approval for this protocol, we will apply to the NIH’s Office of Extramural Research to issue to issue the Certificate of Confidentiality for this study.  The subject has the right to revoke the authorization for us to access her health information at any time, as is stated in the HIPAA form that each subject will sign prior to participation.
11. Potential Risks

The potential risks are related to venipuncture; radiation exposure from measurement of areal bone mineral density, vertebral fracture assessment (VFA) and Body Composition by dual x-ray absorptiometry (DXA), volumetric BMD of the spine and hip by central QCT (cQCT) and of the radius and tibia by high resolution peripheral QCT (HRpQCT). 

ci. Venipuncture: The risks of venipuncture for blood drawing include pain, bleeding, bruising, and a remote possibility of infection or inflammation at the site. Additionally, there is a possible risk of syncope in individuals who are prone to vasovagal responses. To minimize these risks, trained phlebotomists who follow proper technique perform all venipunctures. 

cii. Radiation: Radiation exposure for DXA of the spine, hip and forearm with the Lunar Prodigy is 1.4 µSv, for VFA 2.0 µSv and for Body Composition is 2.6 µSv. This is about the amount the average person receives from background radiation in 3 days. Radiation exposure from a central QCT scan of the spine, hip, and midthigh is 2180 µSv, which is equivalent to 8-10 months of background radiation. For HRpQCT of the forearm and leg, the estimated effective whole body dose is below 3 µSv per scan, since only a very small fraction of the distal forearm or leg is irradiated.

Based on these data, we estimate the following radiation exposure for Aims 1 and 3 for the entire study (two DXA and two cQCT scans). Participants at the Bronx WIHS site will have an additional two HRpQCT scans performed at Columbia University Medical Center:

Aim 1 and Aim 3 (Bronx participants): 4378 µSv = 16-20 months of background radiation

Aim 1 and Aim 3 (San Francisco and Chicago): 4372 µSv = 16-20 months of background radiation

For purposes of comparison, this amount of radiation exposure is similar to that associated with many other x-ray procedures: 450 (Sv for a mammogram, 7,000-10,000 (Sv for a standard abdominal/pelvic or chest CT scan, 60 (Sv for a round-trip transcontinental plane flight and 2400-3600 (Sv natural background radiation in a year. Expressed as equivalencies to background radiation, a standard mammogram, often obtained annually, is associated with radiation exposure equivalent to approximately 2 to 3 months of natural background radiation. A standard abdominal or chest CT scan is associated with radiation exposure equivalent to approximately 24 to 36 months of natural background radiation. Thus, the maximum amount of radiation received by participation in this study is less than a standard CT scan of the chest or abdomen. We will counsel all study subjects about the total amount of radiation that they will receive as a result of participation as part of Informed Consent procedures of that particular study. In addition, they will be counseled that radiation exposure is cumulative throughout life and any additional exposure should be considered carefully.  
12. Data and Safety Monitoring

Since this an observational study, there are no specific plans for a data safety and monitoring plan
13. Potential Benefits

The potential benefits to individual subjects relate to the additional information regarding their musculoskeletal health (assessment of vitamin D and calcium intake, bone density testing, muscle function testing) that will become available for their care. Participants are not guaranteed, however, to receive personal benefits. On a wider scale, the information gained from this research project may be helpful to all HIV+ women undergoing the menopausal transition. The information gained may directly impact upon the diagnosis and management of osteoporosis in HIV+ postmenopausal women. In contrast, the risks of the study are minor in comparison to the information to be gained on each individual subject and on the disorder as a whole.

14. Alternatives

The alternative is not to participate in this study.
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