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Abstract

Background: Bone mineral density (BMD) loss and fat accumulation are common in people
living with HIV (PLWH). The bone-derived hormone, undercarboxylated osteocalcin (ucOCN)
regulates fat metabolism. We investigated the relationship between ucOCN change and body fat
change among perimenopausal/postmenopausal HIV-seronegative and HIV-seropositive women on
long-term antiretrovirals.

Methods: Perimenopausal and postmenopausal women enrolled in the Women’s Interagency
HIV Study (WIHS) MSK sub-study underwent trunk and total fat assessment via dual x-ray
absorptiometry (DXA) at study enrollment (index visit) and again two years later. Circulating
ucOCN and carboxylated osteocalcin (COCN) were also measured at the index and two-year visits.
The correlation between the two-year change in ucOCN and cOCN and change in trunk and total
fat was assessed as a function of HIV-serostatus using linear regression modeling. Multivariate
linear regression assessed the association between ucOCN and cOCN change and total and trunk
fat change after adjusting for sociodemographic variables. Linear regression models restricted to
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HIV-seropositive women were performed to examine the contributions of HIV specific factors
(index CD4 count, viral load, and cART use) on the associations.

Results: Increased ucOCN over the two-year follow-up was associated with less trunk and total
fat accumulation in models adjusting for HIV-serostatus and participants sociodemographics,
while there was no association with cOCN and the fat parameters. None of the HIV-specific
factors evaluated influenced the association between ucOCN and fat parameters.

Conclusion: The current study suggests that increases in ucOCN are associated with decreased
fat accumulation in HIV-seronegative and HIV-seropositive postmenopausal women on long-term
antiretroviral therapy.
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Introduction

The advent of combined antiretroviral therapy (CART) has improved the life expectancy of
people living with HIV (PLWH). However, cART treated PLWH are at an increased risk for
many comorbidities including osteoporosis, or low bone mineral density (BMD)23. PLWH
on cART are also at risk for the development of obesity, abnormal body fat redistribution,
and visceral or central fat accumulation®. These body composition changes increase the
risk of a variety of adverse health outcomes, including heart disease, stroke, and diabetes for
PLWH-9. The high prevalence and consequences of these comorbidities has led to increased
efforts to understand the pathogenesis of these diseases in PLWH10,

Evidence exists for a hormonal cross-talk between bone and fat organ systems!1:12,
suggesting a link between osteoporosis development and body composition changes. For
example, greater fat mass is associated with greater BMD, particularly in postmenopausal
women?3. Also, body composition is an independent predictor of BMD in a cohort that
included women living with HIVV14. Bone has also been shown to directly influence fat
metabolism through the production of osteocalcin®16, a bone-derived protein that circulates
either as -y-carboxylated vitamin K dependent calcium binding protein (cOCN) or
undercarboxylated osteocalcin (ucOCN). ucOCN specifically has hormonal functions
including the regulation of fat metabolism directly by altering adipocyte signaling and
indirectly by stimulating insulin secretion in pancreatic p-cells1”:18, In preclinical mouse
models, administration of recombinant ucOCN leads to reduced fat mass accumulation and
attenuated weight gain in response to a high fat diet!8, While the association between
circulating ucOCN and body fat has been conflicting in postmenopausal women19:20,
ucOCN has been associated with lower percent body fat in individuals with both type 121
and type 11 diabetes mellitus,22 and with lower body mass index (BMI)23 and waist
circumference?4 in aging cohorts. Despite, the established association between bone-derived
ucOCN and fat metabolism, the relationship between change in ucOCN and fat
accumulation in PLWH on long-term cART is not known.
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Several studies have reported changes in osteocalcin levels in PLWH after seroconversion
and cART treatment2>-2% however they have primarily focused on total osteocalcin, which
includes both cOCNand ucOCN isoforms. Total osteocalcin is generally used as a marker of
bone turnover rather than an indicator of hormonal function. Hirakawa et al demonstrated
that ucOCN levels increase following cART initiation3C, but did not assess body fat.
Therefore, the goal of this study was to determine the association between changes in
ucOCN and changes in body fat among a cohort of peri- and post-menopausal HIV-
seropositive and seronegative women and to determine whether this association varies
according to HIV-serostatus.

Both body fat redistribution and increased bone remodeling are common during the
menopausal transition31:32 and ucOCN is released into circulation during bone
remodelingl7:18 Therefore, to take advantage of the longitudinal study design and to reduce
confounding bias associated with between subjects correlation33:34, we evaluated the effect
of the two-year within subjects change of both ucOCN and trunk and total fat. Due to the
associations between body composition and bone health and the role of ucOCN in fat and
energy metabolism in a variety of cohorts, we hypothesize that ucOCN change is prognostic
of changes in body fat in both HIV-seronegative and HIV-seropositive women.

Study Participants:

Participants were enrolled at one of three study locations within the Women’s Interagency
HIV study (WIHS); Bronx, San Francisco, or Chicago. WIHS is an ongoing multisite
longitudinal cohort study of women with and at risk for HIV infection that has been
recruited in waves since its initiation in 1993. More information on the WIHS can be found
here3>. A total of 244 women (152 HIV-seropositive and 92 HIV-seronegative) were enrolled
in the present musculoskeletal (MSK) sub-study. The MSK cohort included HIV-
seropositive women on long-term cART (at least 2 years) and a matched cohort of HIV-
seronegative women. The eligibility criteria for HIV-seropositive women included having a
CD4 count >100 cells/ uLmeasured prior to enrollment in the MSK sub-study, and
consistent ART use for at least 12 months without missing more than 2.5 months of therapy
for the prior year. Participants had to be less than 264 pounds with a height of 6’1" or below
as per DXA manufacture’s criteria for weight and height. Of the total 244 women initiatlly
enrolled, we included 46 HIV-seronegative and 76 seropositive women that completed both a
MSK enrollment, here after defined as (index visit), and 2 year follow-up study visit and had
accompanied repository serum aliquots to test for biomarkers. At the index visit, study
participants were between 40-60 years of age. The reproductive stage was categorized based
on self-reported responses to the Study of Women's Health Across the Nation (SWAN) study
questions with definitions as follows: early perimenopause (at least 1 menstrual period in the
last 3 months with some changes in the regularity over the last 12 months), late
perimenopause (no bleeding in between 3-11 of the last 12 months), or early
postmenopausal (no bleeding for > 1 but < 5 years)36. The substudy design was limited to
women self-reporting as either perimenopausal or postmenopausal at the index visit.
Therefore, as described previously3’, we categorized study participants into early
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perimenopause and postmenopause (including late perimenopause and early
postmenopause). During the index visit, viral load was determined by circulating HIV RNA
and categorized as either undetected (< 20 copies/mL) or detected (> 20 copies/mL). Index
visit CD4 count was measured based on cell/mL. cART use was categorized based on class
of self-reported antiretroviral drugs; nucleoside reverse transcriptase inhibitors; (NRTI),
protease inhibitors (PI), and integrase strand transfer inhibitor (INSTI).

Bone Mineral Density Measurements:

All participants underwent whole body dual energy x-ray absorptiometry (DXA) scans using
Lunar Prodigy densitometers (GE Medical Systems, Madison WI) at the index visit and
again two years later. Scans were read centrally at the Image Analysis Lab (New York, NY)
and included total and trunk fat, as well as, regional BMD at the lumbar spine, total hip,
femoral neck, distal and ultradistal radius. Height and weight were measured using a
stadiometer and balance beam scale at each WIHS research visit and BMI was calculated
from these metrics.

Blood Biomarkers:

Blood samples were collected at the index visit and again two years later using sodium
citrate coated tubes and separated into plasma aliquots and then stored at =80 °C.
Measurements of N-terminal propeptide of procollagen type 1 (P1NP; RIA; IDS, Scottsdale,
AZ [<3.3% intra and < 5.1 inter-assay CV]) and C-telopeptide of type 1 collagen (CTX,
ELISA, IDS Scottsdale, AZ [<2.9% intra and <11% intra-assay CV]) at the index visit were
made at the Columbia University Irving Medical Center Biomarker Laboratory. Index and
follow-up measurements of undercarboxylated (ucOCN) and carboxylated osteocalcin
(cOCN) were batch-analyzed at the Chicago WIHS/Hektoen Institute of Medicine
Laboratory using enzyme-linked immunosorbent assay (ELISA, Takara Shuzo Co., Otsu,
Shiga, Japan, ucOCN [<5% intra and <10% inter-assay CV] and uOCN [<5% intra and <3%
inter-assay CV]).

Statistical Analysis:

The primary outcomes of interest were two-year change in trunk and total fat, and the
primary exposure of interest was two-year change in circulating ucOCN. To understand the
contribution of skeletal changes to ucOCN change, we also assessed the change in cOCN
and the DXA-derived BMD as a secondary outcome. Sociodemographic and clinical
covariates including age (continuous), race (Black, White, Other), WIHS site (Bronx, San
Francisco, Chicago), menopause status (early perimenopause, postmenopause) hepatitis C
virus (HCV) status (categorized as positive by either antibody or RNA), smoking status at
index visit (current, former/never), and HIV-serostatus were collected at the index visit.
Changes in ucOCN, cOCN and in trunk and total fat were the arithmetic difference from
subtracting the index visit measure from the two-year follow-up measure. Change in ucOCN
and cOCN, trunk and total fat, and regional BMD were compared using rank tests. Linear
regression models tested the associations between two-year change in ucOCN and cOCN
with two-year change in trunk and total fat and regional BMD as a function of HIV-
serostatus. Models were also run to test the ucOCN and cOCN change by HIV-serostatus
interaction. Multivariate linear models tested the associations between two-year change in
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ucOCN and cOCN and two-year change in both trunk and total fat after adjusting for
sociodemographic and clinical covariates. Separate models were further adjusted for the
index measures of trunk and total fat. To test the effects of HIV-specific covariates at the
index visit among HIV seropositive women; CD4, viral load, and cART class (testing CART,
Pl, and INSTI use separately) on the associations between ucOCN and cOCN change and
trunk and total fat change, linear regression models with change in ucOCN as the
independent variable and change in trunk and total fat as the dependent variable were run.

Study participants had a mean age of 48.7 (5) years and BMI of 29.1 (+5.7) kg/m2. 76%
were Black, 12% White, and 12% identified as other (Table 1). 39% were categorized as
early perimenopausal and the remaining 61% were characterized as late perimenopause or
early postmenopause based on self-reported criteria. Enroliment across the three sites was
relatively balanced but reflected differences in parent study size; 38% from the Bronx site,
33% from San Francisco, and 30% from Chicago. Within the HIV-seropositive cohort, the
median index CD4 count was 578 (439, 748) cells/mL. Nearly all women (97%) were taking
CART at the index visit, with the remaining 3% on either monotherapy or unknown. Within
the cART-treated cohort, 96% received a regimen that included an NRTI, 49% included an
NNRTI, 49% a PI, and 11% an INSTI, and 64% were undetectable for HIV virus (Table 1).
UcOCN levels at the index and follow-up visit were not significantly different between HIV-
seronegative and HIV-seropositive women (Table 2). The two-year change in ucOCN was
slightly greater in HI\-seropositive women (1.94+2.32 ng/mL at the index visit to 2.32+3.04
ng/mL at the two-year follow up) compared to HIV-seronegative women (2.06+2.42 ng/mL
to 2.24+2.94 ng/mL) but the difference was not statistically significant. cOCN was greater in
HIV-seropositive women when compared to HIV-seronegative women at the baseline
(4.94+4.93 vs. 3.39+1.75 ng/mL; p=0.02) and follow-up visits (5.37+5.25 vs. 3.93+2.29
ng/mL; p=0.04). However, the two-year change in cOCN was not different between HIV-
seropositive and seronegative women. Index and follow-up measures of trunk and total fat
did not differ by HIV-serostatus, nor did the two-year change in trunk and total fat (Table 2).
The two-year loss in BMD at the ultradistal radius was significantly greater in HIV-
seropositive (0.46+0.08 g/cm? to 0.45+0.05 g/cm?) compared to HIV-seronegative women
(0.44+0.09 g/cm? to 0.41+0.10 g/cm?, p=0.011). There were no qualitatively or statistically
significant differences in the BMD change at all other skeletal sites (Supplemental Table 1).

The two-year increase in ucCOCN was associated with a two-year decrease in both trunk
(p=0.012) and total fat (p=0.008) accumulation in HI\V-seropositive women. A similar
relationship was observed among the HIV/-seronegative women, although it did not reach
statistical significance (Table 2). There was no association between two-year cOCN change
and trunk or total fat change in either HIV-seropositive or seronegative groups (Table 2). The
two-year change in ucOCN and the two-year change in BMD at any of the skeletal sites
were not statistically significant in either HIV-seropositive or seronegative women
(Supplemental Table 1). After adjusting for sociodemographic and clinical variables and
HIV-serostatus, the increase in ucOCN was a significantly associated with reduced
accumulation of both total (p=0.050) and trunk fat (p=0.030) (Table 3). Specifically, each
one-unit (ng/mL) increase in ucOCN over the two-year follow-up was associated with
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0.58Kkg less total fat and 0.36kg less trunk fat gain. Despite the qualitatively greater
association noted in HIV-seropositive women, HIV-serostatus was not statistically
significant in these fully adjusted models, nor was the HIV-serostatus by ucOCN change
interaction, suggesting that the association did not vary significantly by HIV-serostatus (data
not shown). In parallel analysis, cOCN change was not associated with trunk or total fat
change in adjusted models (Supplemental Tables 3). The relationship between ucOCN
change trunk and total fat gain remained significant in models adjusting for trunk and total
fat measures at the index visit (Supplemental Table 3). In models including only HIV-
seropositive women, the associations between the two-year change in ucOCN and the two-
year change in trunk and total fat were not affected by any of the HIV-specific potential
confounding variables, including both Pl and INSTI use (Supplemental Table 4).

Discussion

The current study investigated the relationship between changes in circulating ucOCN and
fat in HIV-seronegative and HIV-seropositive perimenopause/postmenopausal women on
long-term cART. We observed that the two-year increase in ucOCN was negatively
associated with the two-year decrease in both trunk and total fat gain. This relationship was
qualitatively greater in HIV-seropositive women. However, the association between two-year
change in ucOCN and that for both trunk and total fat remained statistically significant in
multivariate linear models including all women and adjusting for HIV-serostatus, along with
a variety of sociodemographic and clinical variables that have been implicated with body
composition changes, such as age, smoking, and menopause status. The associations of
change in ucCON with those of trunk and total fat were unaffected by the addition of HIV-
specific variables such as viral load, CD4 count, and the class of CART used. These results
suggest an important role for bone as an endocrine organ in the regulation of fat gain in HIV-
seropositive women.

Total fat and lean mass are associated with BMD in cohorts including PLWH!4, and early fat
gain after CART initiation is associated with BMD loss38, suggesting a bone-fat cross talk in
PLWH. Bone has an endocrine function with the ability to directly regulate fat tissue
through the production of osteocalcin!2. Osteocalcin is the most abundant non-collagen
protein in bone and is produced almost exclusively by osteoblasts3®. Circulating osteocalcin
levels are thus commonly used as a biomarker of bone remodeling in the diagnosis of
osteoporosis and in the monitoring of osteoporosis therapy response®C. During bone
formation, osteocalcin is carboxylated via a vitamin K-dependent mechanism, which
increases the binding hydroxyapatite bone specificity of osteocalcin®l. The carboxylated
isoform of osteocalcin (COCN), is therefore generally reflective of the amount of active bone
formation#2. In the current study we assessed the circulating levels of cOCN and found
elevated levels in HIV-seropositive women when compared to HIV-seronegatives at both
study visits, which is likely reflective of an overall increase in skeletal remodeling as
evidenced by the reduced BMD in HIV-seropositive women at both index and follow-up
visits, as well as the greater BMD loss over the two-year follow-up noted in the ultradistal
radius. Despite the evidence of an active bone remodeling process, the associations between
osteocalcin and fat were only present when the undercarboxylated isoform (ucOCN) was
used as the independent variable. In addition to its role in the development and maintenance
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of the extracellular matrix“3, recent data has identified undercarboxylated isoform of
osteocalcin, ucOCN, as a mediator of fat metabolism17:18:44,

The preponderance of data demonstrating a link between ucOCN and body fat is derived
from mouse studies, where osteocalcin gain of function mice or obese mice treated with
recombinant ucOCN are protected from fat accumulation*>47. The data in human subjects
have been mixed, with some evidence that the associations are affected by the race, sex,
baseline BMI, and the metabolic status of the study cohort#8-50, For example, while the
circulating levels of ucOCN are negatively associated with body fat in both type 12! and
type 2 diabetes mellitus?2, the associations in postmenopausal women have been mixed.
Specifically, Centi et al*® found no association between ucOCN and body fat in a group of
postmenopausal women undergoing a weight loss program, while Schafer et al?° found a
negative association between the three-month change in ucOCN and the 12-month change in
body fat in a cohort of postmenopausal women undergoing osteoporosis treatment. In the
current study, we report a significant negative association between the two-year change in
ucOCN and body fat that is at least qualitatively greater in HIV-seropositive perimenopause/
post-menopausal women when compared to women who are HIV-seronegative.

The qualitatively greater association between change in ucOCN and change in trunk and
total fat in HIV-seropositive women on cART may point to HIV-specific factors influencing
bone-fat cross talk. CART initiation is one potential driver of both bone loss®! and fat gain®2.
However, the eligibility for the current study was limited to women with HIV on cART
treatment for at least two years prior to enrollment and hence we were not able to look at
changes due to cART initiation and early usage. Furthermore, body composition stabilizes in
women on long-term cART treatment4. Similarly, the rate of BMD decline appears to slow
after the first two-years of cART initiation®3, which is consistent with the current study
wherein we report largely no difference in the two-year change in BMD according to HIV-
serostatus.

The influence of cART on both bone and fat is dependent on the class of antiretroviral used.
Specifically, both Pl and INSTI use are associated with the largest fat changes in PLWH?52
and, while Pls exhibit deleterious effects on bone, INSTIs appear to be more bone neutral®®.
Further, ucOCN concentrations have been reported to differ between Pl and INSTI-treated
patients, with Pl initiation leading to significantly greater ucOCN levels after 1 year when
compared to the INSTI, raltegravir®®. Yet in the current study, the addition of either PI or
INSTI use as covariates did not influence the associations between ucOCN change and trunk
and total fat, which may be due to the relatively long duration of CART use (>two-years) of
participants under study. Further, HIVV-seropositive women in the current study had relatively
stable HIV infection; with high CD4 cell counts (compared to historical levels among HIV-
seropositive women) at the index visit, and 65% had undetectable viral loads. Future work is
needed to determine whether the qualitatively larger associations between ucOCN and fat
parameters noted in HIV-seropositive women are statistically significant in larger cohorts to
determine whether the difference in the associations are due to factors related to ongoing
HIV infection or due to CART.
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As described above, the carboxylation of osteocalcin is a vitamin K-dependent process*L.,
therefore several studies have aimed to manipulate osteocalcin carboxylation state via
dietary supplements. Vitamin K supplementation®6:57, calcium supplementation®8, and a
green leafy diet intervention®® have all been reported to increase the carboxylation state of
circulating osteocalcin. Yet despite these effects on osteocalcin carboxylation, only vitamin
K2 supplementation through menaquinone-7 treatment, has been reported to reduce body
fat®’. It is unclear why various dietary supplementations have not improved body
composition, but it is worth noting that the three studies that have investigated body fat in
response to osteocalcin carboxylation alterations have recruited community dwelling elderly
participants®6:5758, To date, it is unclear whether any of these interventions would affect
body fat in PLWH specifically and further research aimed at understanding whether the
associations between ucOCN and body fat in PWLH is affected by either vitamin K or diet
is necessary.

As far as we know, the current study is the first to describe the inverse relationship between
change in circulating ucOCN and change in body fat in HIV-seropositive women on cART.
Among its strengths were the well-matched cohort of HIV-seropositive and seronegative
women and the longitudinal (two-year) assessments of body composition and ucOCN.
Among its weaknesses are a low number of study participants which was due to a limited
number of participants who completed both index visit measurements as well as a second
measure at the two year follow up visit. The study also focused only on a single sex cohort
of peri- or post-menopausal HIV-seropositive women on long term cART; these findings
may not be generalizable to men or younger pre-menopausal women.

Conclusions:

The current study demonstrates that the two-year increase in circulating ucOCN is
associated with less fat accumulation in both HI\-seronegative and HIV-seropositive women
on long-term antiretroviral therapy. The associations were qualitatively greater in HIV-
seropositive women and robust to a variety of socio-demographic and clinical confounding
variables, including age, menopausal stage, and smoking status. Our findings suggest a
potentially novel bone-fat hormonal crosstalk in women living with HIV on cART.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Acronyms:

PLWH People living with HIV

BMD bone mineral density

PI protease inhibitors

INSTI integrase strand transfer inhibitor

NRTIs nucleoside reverse transcriptase inhibitors
NNRTIs non-nucleoside reverse transcriptase inhibitors
PINP Procollagen type 1 N-terminal propeptide

CTX C-telopeptide of type I collagen
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Table 1:

Characteristics of HIV seronegative and seropositive women at the index visit.

HIV-seronegative | HIV seropositive | P-value
(n=46) (n=76)
Age (yr, Mean [SD]) 48.2 (5.03) 48.9 (4.89) 0.53
Height (m, Mean [SD]) 1.6 (0.07) 1.6 (0.07) 0.75
Weight (kg, Mean [SD]) 75.3 (13.9) 77.9 (15.3) 0.38
BMI (kg/m2, Mean [SD]) 28.4 (5.53) 29.4 (5.83) 0.46
Race (n, %)
White 4 (8%) 11 (14%) 0.63
Black 35 (77%) 58 (75%)
Others 6 (13%) 8 (10%)
Menopause Status (n, %)
Early perimenopause 18 (40) 30 (38%) 0.91
Late perimenopause/Post-menopausal | 27 (60%) 47 (61%)
Enrollment Site (n, %)
Bronx/Manhattan 18 (40%) 28 (36%) 0.92
San Francisco 14 (31%) 26 (33%)
Chicago 13 (28%) 23 (29%)
Smoking Status (n, %)
Former/Never 16 (35%) 32 (41%) 0.51
Current 29 (64%) 45 (58%)
Hepatitis C Virus Infection (n, %)
Negative 39 (86%) 61 (79%) 0.30
Ab+RNA-/RNA unknow+RNA+ 6 (13%) 16 (20%)
Bone Turnover Markers (ng/ml)
P1NP (Mean [SD]) 53.64 (17.6) 55.05 (26.2) 0.71
CTX (Mean [SD]) 0.32(0.2) 0.33(0.18) 0.32
HIV Viral load
Detected (n, %) 27 (35%)
Undetected (n, %) 49 (64%)
CD4 count at index (Mean [SD]) 594.2 (269.2)
Nadir CD4 count at index (Mean [SD]) 302.4 (192.1)
ART use at Index (n, %) 74 (97%)
P1 use at Index (n, %) 37 (49%)
INSTI use at Index (n, %) 68 (89%)
NNRTI use at Index (n, %) 37 (49%)
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Table 3:
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Two-year change in ucOCN and change in total fat and trunk fat adjusting for confounding variables from
multivariate linear regression in the entire group of participants (n=122).

Total Fat Change Estimate 1 Trunk Fat Change 2

(kg) (95% CI) p-value™ | Estimate (kg) (95% Cl) | p-value
ucOCN change (ng/mL) -0.58 (-1,16, 0.0005) 0.050 -0.36 (-0.68, 0.03) 0.030
HIV-serostatus:
Negative vs, Positive -1.73 (-3.95, 0.48) 0.13 -0.85 (-2.09, 0.38) 0.17
Menopausal Status: _ -
Early peri vs. late peri/post meno 1.44 (-1.40, 4.31) 0.32 0.65 (-0.94,2.23) 0.42
Age: At i_ndex visit B -0.13 (-0.42, 0.15) 0.35 -0.07 (-0.23, 0.08) 0.38
Change (index to second visit) ~0.11 (-2.99, 2.77) 0.98 0.24 (-1.36, 1.85) 0.83
Race: -0.04 (-3.37,3.27) 0.63 -0.20 (-2.05, 1.64) 0.77
White vs. Black
Other vs. Black 0.87 (-2.70, 4.44) 0.12 0.29 (-1.69, 2.28) 0.18
HCV: -2.25 (-5.11, 0.59) 0.62 ~1.09 (-2.69, 0.49) 0.94
Ab+ RNA unknown/RNA+ vs. Negative ’ T ) ’ DAt )
Smoking: _ _ _
Current ve. Former/Never 0.57 (2.81, 0.16) 0.99 0.52 (-1.30, 1.19) 0.73
Enrollment Site: -0.01 (-2.69, 2.67) 0.53 -0.26 (-1.76, 1.23) 0.65
San Francisco vs. Bronx
Chicago vs. Bronx -0.91 (-3.78, 1.94) 0.94 -0.36 (-1.95, 1.23) 0.76

Data include all participants within both sero-positive (n=46) and sero-negative (n=76) groups. All row variables included in the multivariate linear

model. Bolded text indicates p<0.05

For multivariate association of two-year change in the row variable with two-year change in total fat

For multivariate association of two-year change in the row variable with two-year change in trunk fat
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