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Abstract

Despite higher bone mineral density (BMD), women with obesity are at an increased risk of
fracture compared to normal-weight women. Optimal adolescent bone accrual is critical for
normal peak bone mass acquisition and future bone health. Whereas several studies have examined
the impact of low body weight on bone accrual in youth, data are lacking regarding the impact of
obesity on bone accrual. We examined bone accrual over one year in young women with moderate
to severe obesity (OB) (n=21) versus normal-weight controls (NWC) (n=50). Participants were
13-25 years old. We used dual-energy X-ray absorptiometry to assess areal BMD (aBMD) and
high resolution peripheral quantitative computed tomography (distal radius and tibia) to assess
volumetric BMD (vBMD), bone geometry, and microarchitecture. Analyses were controlled for
age and race. The mean age was 18.7 + 2.7 years. OB and NWC were similar for age, race, height,
and physical activity. OB had a higher BMI (p<0.0001) and younger menarchal age (p=0.022)
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than NWC. Over one year, OB did not demonstrate the increase in total hip BMD observed in
NWC (p=0.03). Increases in percent cortical area and cortical thickness, and cortical and total
vBMD at the radius were lower in OB than in NWC (p<0.037). Groups did not differ for tibial
bone accrual. We demonstrate that longitudinal bone accrual is impaired at the total hip and radial
cortex in young women with obesity, raising concerns regarding their future bone health.

Keywords

Obesity; Overweight; Adolescents; Bone accrual; Bone density; Bone geometry; Bone
microarchitecture

1. Introduction

The adolescent and young adult years are crucial periods for bone accrual. Optimal bone
accrual during this time lays the foundation for optimal peak bone mass, and hence for
current and future bone health and fracture riskl. Many factors affect bone accrual, and the
extremes of weight are one such modifiable factor. Children with obesity have a 25% higher
risk of extremity fractures compared to their normal-weight peers?3. Cross-sectional studies
have revealed both positive and negative effects of obesity on areal and volumetric bone
mineral density (BMD), bone geometry, and microarchitecture - essential determinants of
bone strength®®. Early life cohort studies suggest that obesity during childhood is associated
with higher areal BMD at the hip and total body during adolescence as measured by
dual-energy X-ray absorptiometry (DXA)®. However, our cross-sectional study using high-
resolution peripheral quantitative computed tomography (HRpQCT) demonstrated deficits
in the cortical bone at the radius in adolescents with obesity versus their normal-weight
counterparts’. Further, the effects of body composition (both lean and fat mass) have been
examined, with studies suggesting a positive effect of lean mass and a detrimental effect of
fat mass on volumetric BMD in girls with obesity®?°.

Data from longitudinal studies evaluating bone accrual in youth with obesity are limited.
One study assessing the impact of exercise on bone accrual reported smaller gains in those
with obesity compared to normal-weight preadolescents!C. Prospective data regarding the
impact of obesity on volumetric BMD, bone geometry, and microarchitecture are currently
lacking. Therefore, in this study, we examined changes in areal and volumetric BMD,

bone geometry, and microarchitecture (using DXA and HRpQCT), and in estimates of

bone strength (using micro finite element analysis) over one year in young females with
moderate to severe obesity compared to their normal-weight counterparts. We hypothesized
that females with obesity would demonstrate lesser increments in bone accrual, especially at
the non-weight bearing radius, compared to normal-weight females.

2. Participants and Methods

2.1 Participant Selection:

Study participants included 71 adolescent and young adult women, 13-25 years of age. Of
these, 21 had moderate to severe obesity (OB), with body mass index (BMI) = 35 kg/m?
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or = 120% of the 95™ percentile of BMI for age and sex with at least one obesity-related
co-morbidity or a BMI =40 kg/m? or = 140% of the 95™ percentile of BMI and were
recruited between 2015 and 2021 in a prospective observational study (NCT02557438)
from several tertiary care obesity treatment centers. 50 participants were normal weight
controls (NWC) with a BMI between 18.5 and 25 kg/m?, and were recruited through
advertisements on institutional recruitment forums and college job boards between 2010

to 2018 in two separate studies (NCT00946192 and NCT01301183)). Exclusion criteria
included the use of medications that may affect bone metabolism (except calcium, vitamin
D, or hormonal contraception) in the eight weeks prior to the baseline visit, or health
conditions that impact bone except those directly related to obesity such as polycystic
ovarian syndrome (PCOS) or diabetes. We did not exclude participants on combined oral
contraceptive pills (OCPs) to ensure a representative population given that many adolescents
and young adult females take these medications for contraception or management of PCOS.
We did exclude those on depot medroxyprogesterone, given its known deleterious effects on
bone but did not exclude young women using the progestin-releasing intrauterine device or
progestin implants, given their limited systemic and bone effects!!. We obtained informed
consent from participants at least 18 years old or parents of participants < 18 years, and
informed assent from participants < 18 years. The study was reviewed and approved by the
Mass General Brigham Institutional Review Board. It is Health Insurance Portability and
Accountability Act (HIPAA) compliant.

2.2. Methods:

A screening visit was performed to confirm eligibility, followed by study visits at baseline
(BL) and at one year. A complete history was obtained, and physical examination was
performed at each visit. Subjects self-reported race and ethnicity. Height was measured

as the mean of three measurements using a wall-mounted stadiometer, and weight to the
nearest 0.1 kilograms (kg) with an electronic scale. We calculated BMI as weight in kg/
(height in meters)2, and BMI z-score using CDC tables2. Physical activity was recorded
as the average hours of exercise per week reported by the participant. All participants were
offered daily calcium and vitamin D supplements based on their baseline levels to optimize
calcium intake and absorption. Blood samples were obtained for serum calcium, and 25
hydroxyvitamin D (250HD) levels. Participants underwent DXA scans at the lumbar spine,
total hip, femoral neck, and whole body, and HRpQCT scans at the distal radius and tibia.
Participants having either DXA or HRpQCT scans at one-year follow-up were included

in the analysis. Bone age for participants <18 years old was calculated by comparing left
wrist radiographs of subjects with the nearest matching reference radiographs using the atlas
of Greulich and Pyle!3. We did not assess bone ages for those 18 years and older due to
expected maturity of their bones by this age.

Areal Bone Mineral Density (aBMD) and Body Composition Assessment: DXA
(Hologic QDR 4500; Hologic Inc, Waltham, MA) was used to determine aBMD of the
lumbar spine, total hip, femoral neck, and whole body, as well as for body composition

(fat and lean mass) assessment. All participants were scanned using the same machine for
baseline and follow-up visits Coefficients of variation for aBMD, fat mass, and lean mass

at our institution are between 0.8% to 2.1%. We used the Hologic pediatric database to
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calculate aBBMD Z-scores for participants <20.5 years of age at follow-up and the adult
database for participants =20.5 years of age at follow-up (to avoid having to transition from
the pediatric to the adult database over the course of the study for any participant). We did
not use the Longitudinal Bone Mineral Density in Childhood study database to calculate
Z-scores or height Z-score adjusted Z-scores are this database only goes up to 20 years, and
our study included participants older than 20 years. We report whole body (and not whole
body less head) Z-scores based on data available to us.

Volumetric Bone Mineral Density (vBMD) and Strength Estimates
Assessment: We used HRpQCT (XtremeCT; Scanco Medical AG®, Bassersdorf,
Switzerland) to determine vBMD at the ultra-distal radius (9.5mm from a reference line
manually placed at the endplate) and distal tibia (22.5 mm from a reference line manually
placed at the endplate). Scans used 60 kVp effective energy and 100 ms integration time,
obtaining 110 CT slices (9.02 mm) with an isotropic voxel of 82 pm3. We chose fixed

sites because participants had mostly attained adult height with minimal or no changes

in height anticipated given their baseline bone age. All measurements were performed at
the non-dominant wrist and leg unless there was a history of fracture at that site in the

last six months, in which case the non-fractured side was assessed. All participants were
scanned on the same HRpQCT instrument. The scans were matched for region of interest
at baseline and one year. We used 2D registration of the outer bone contours to match the
follow-up scans to the baseline images, using software provided by Scanco Medical AG.
Image acquisition and analysis followed published guidelines!. Automated analysis was
used for measures of (i) bone geometry (cross-sectional area of cortical and trabecular bone
compartments and cortical thickness), (ii) trabecular microarchitecture, including trabecular
number and thickness, and (iii) vBMD (for total, cortical, and trabecular bone). Extended
cortical analysis assessed cortical porosity, which contributes to fracture risk independent
of other measures?®. Failure load, a strength estimate, was calculated using micro finite
element analysis (LFEA) via mathematical modeling of the effects of simulated mechanical
load on bone and scaling the resultant load from a 1% apparent compressive strain until 2%
of all elements reached an effective strain > 7000 p. Same-day reproducibility for repeated
measurements is 0.2 to 1.4% for density values, 0.3 to 8.6% for trabecular parameters, 0.6
to 2.4% for cortical parameters, 7.3 to 20.2% for cortical porosity measurements, and 2.1
to 3.0% for FEA measures. Failure load estimated from FEA correlates strongly (r2 = 0.75)
with experimentally measured failure loads producing radii fractures in human cadavers?.

Biochemical Analysis: Calcium levels were measured using a colorimetric assay
(sensitivity 0.8 mg/dL, intra-assay CV 0.9-3.0% for calcium; LabCorp Esoteric Testing,
Burlington, NC). Serum 250HD was assessed by immunochemiluminometric assay
(sensitivity 4.0 ng/mL, intra-assay CV 4.8-7.7%; LabCorp Esoteric Testing, Burlington,
NC), and PTH by an electrochemiluminescent immunoassay (sensitivity 1 pg/mL, intra-
assay CV 1.6-2.6%; Beckman Coulter, Fullerton, CA).

2.3. Statistical Analysis:

Data were analyzed using JMP software (SAS Institute Inc., Cary, NC), Version 16.0. We
first assessed data for normality using the Shapiro-Wilk test and report values as mean +
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SEM (for parametric data) or median and interquartile range (for nonparametric data). A
p-value of < 0.05 was used to denote statistical significance. All reported bone outcome
analyses were controlled for age and race. For baseline comparisons, we used the Student
t-test or the Wilcoxon rank sum test to compare differences across groups depending on
whether or not data were normally distributed. For categorical variables, the chi-square test
was used for between-group comparisons. For within-group comparisons over one year, the
paired t-test or Wilcoxon sign-rank test was used depending on data distribution. To control
for the effect of other confounders such as menarchal age, change in lean mass or use

of oral contraceptives on bone parameters after adjusting for race and age, we performed
multivariable analyses. In order to determine the impact of one-year change in BMI on bone
parameters, we added this variable to the regression model. The stability of the model was
managed by adjusting for < N/10 variables in the regression model as per the one-in-ten
rule of thumb. We additionally checked for the variance inflation factor in the multivariable
analysis, and a value of >2 was used as a measure of collinearity between the variables at
which point, they were excluded from the analysis.

3. Results

3.1 Anthropometric measures and clinical characteristics at baseline (Table 1):

The mean age for the cohort was 18.7 + 2.7 years. OB vs. NWC groups were similar for age,
race, height, and physical activity at baseline. OB had higher mean weight, BMI, and BMI
z-scores and younger mean menarchal age compared to NWC. Bone age for participants
<18 years was higher in OB (n=10) vs. NWC (n=12). 52.4% of the OB and 76% of the
NWCs had a mature bone age. There was no difference between the groups in baseline
serum calcium and 250HD levels. Five OB participants were on metformin at their baseline
visit and continued this during the study, while none had diabetes or prediabetes. Ten out

of twenty-one participants in the OB group had a history of non-stress fractures, while ten
out of fifty participants in the NWC group had a history of fractures (stress=1, non-stress=8,
both=1) (p=0.079). Nine OB participants were on OCPs at the baseline visit and continued
it during the study, and three had intrauterine progesterone-releasing devices, while none of
the NWCs were on hormonal contraceptives.

3.2 Body composition at baseline and changes over one year in anthropometric
measures and body composition (Table 2):

Over one year, there was no difference between groups for change in height, weight, and
BMI, although a within-group increase in weight was observed in NWC (p=0.030). At
baseline, lean and fat mass were higher in OB than in NWC. Over one year, the OB group
had increases in the total lean mass, not seen in NWC.

3.3 DXA bone variables at baseline and changes over one year (Table 2):

Areal BMD and BMD Z scores at the lumbar spine, total hip, and femoral neck were
higher in OB vs NWC at baseline after controlling for baseline age and race. There was a
within-group increase in lumbar spine BMD, total hip BMD, total hip BMD Z-scores and

a decrease in whole body BMD Z-scores in NWCs over one year (p=0.0006, 0.0008, 0018,
0.047 respectively). These changes were not observed in the OB group. The groups differed
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significantly for changes over a year in total hip BMD and BMD-Z scores (after controlling
for baseline age and race). Our findings held for differences between groups for changes in
total hip BMD Z-scores over a year even after controlling for changes in BMI over the year.
Figure 1 shows percent changes in BMD over one year.

3.4 HRpQCT bone variables at baseline and changes over one year (Table 3):

Radius: At baseline, after controlling for age and race, OB compared to NWC had
higher cortical thickness, lower trabecular separation, higher total and trabecular vBMD,
and stiffness.

Within the OB group there was an increase in trabecular vBMD (p= 0.031) over one

year, whereas within the NWC group there were increases in percent cortical area, cortical
thickness, cortical vBMD, total vBMD, and a decrease in percent trabecular area (p<0.009
for all). For between-group comparisons, the NWC group had greater increases in percent
cortical area, cortical thickness, cortical and total vBMD, and greater decreases in percent
trabecular area over a year than the OB group after controlling for baseline age and race.
These findings held after also controlling for one-year change in BMI. Figure 2 shows
percent changes in these parameters over one year (which were similar to results for absolute
changes).

Tibia: At baseline, OB vs. NWC had higher percent cortical area, cortical thickness
and porosity, higher trabecular number and lower percent trabecular area and trabecular
separation, and higher total and trabecular vBMD and stiffness.

Over one year, OB demonstrated a within-group increase in percent cortical area (p=
<0.002), cortical thickness (p=0.004), trabecular thickness (p=0.026), cortical vBMD
(p=0.018), trabecular vBMD (p=0.029), total vBMD (p=0.0002), and stiffness (p=0.002)
with a decrease in percent trabecular area (p=0.002). NWC showed similar within-group
changes, with increases in percent cortical area (p<0.0001), cortical thickness (p<0.0001),
cortical porosity (p=0.001), cortical vBMD (p<0.0001), trabecular vBMD (p=0.006), total
vBMD (p<0.0001), and stiffness (p=0.0008) and decreases in percent trabecular area
(p=<0.0001). There were no differences between the two groups in bone accrual over one
year in tibial cortical or trabecular bone. Percent changes in these parameters over one year
showed similar results (data not shown).

3.5 Controlling for Other Possible Confounders:

When we controlled for baseline lean mass, in addition to controlling for baseline age

and race, the groups did not differ for baseline bone measures (data not shown). When

we controlled for one-year change in lean mass (rather than one-year change in BMI), in
addition to controlling for age and race, our results for between group differences were
essentially unchanged (data not shown). On adding menarchal age to the regression model
that included baseline age and race, differences between groups for bone accrual over one
year did not change, except for change in radial cortical vBMD which became a trend
(p=0.067).
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On controlling for use of oral contraceptives (in addition to baseline age and race),
differences in bone accrual over one year between the groups were overall similar to results
without controlling for oral contraceptive use other than as indicated below. This analysis
demonstrated greater increases in lumbar BMD in OB vs NWC (0.03 £ 0.01 vs. 0.01 + 0.01;
p=0.04) and greater decreases in radial stiffness in OB vs NWC (-5626.60 + 2017.17 vs.
—-27.04 + 1446.60; p=0.008) over a year. Further, there was a trend for greater increases in
lumbar BMD Z-scores in OB vs NWC (0.14 + 0.09 vs. —0.01 + 0.07; p= 0.078) and lesser
increases in tibial cortical porosity in OB vs NWC (0.22 £ 0.35 vs. 1.00 + 0.23; p=0.056).

On excluding participants on metformin from the analysis, differences between groups for
one-year change in total hip BMD (p=0.035), total hip BMD Z-scores (p=0.020), radial
cortical area (p=0.019) and radial cortical thickness (p=0.031) remained significant while
those for radial total vBMD (p=0.058) and radial cortical vBMD (p=0.073) become a trend;
differences between groups for changes in whole body BMD (p=0.009) and whole body
BMD Z-scores (p=0.007) became significant.

4. Discussion:

Despite a greater representation of adolescents with obesity in those with extremity
fractures, data suggest that areal and volumetric bone density are higher in adolescents

and young adults with obesity compared to normal-weight individuals?1?. However, we and
others have reported suboptimal bone adaptation to body weight in those with obesity, which
likely explains their higher fracture risk despite higher BMD3.7:918 \We have previously
reported cross-sectional differences in bone parameters between adolescent girls with
obesity and normal-weight adolescents, which are replicated in this cohort as well”. We
have now examined longitudinal changes in areal and volumetric BMD, bone geometry,
microarchitecture, and strength estimates over one year in those with obesity compared with
normal-weight controls.

We found that adolescent and young women with obesity did not show the increase in

total hip BMD that was observed in young women with normal weight. In contrast to our
findings, studies in peri- and postmenopausal women have reported similar changes in hip
BMD over time in participants with and without obesity1%20. Recent data on increased

risk of early hip fracture in women with obesity further elaborates the detrimental effect of
obesity on bone health?l, We noted no differences between the normal weight group and the
group with obesity for bone accrual at the lumbar spine or total body. These results differ
from those reported by Mengel et a/, who found a lesser increment in lumbar spine BMD in
young adolescent Estonian boys who had larger BMI gains in the three-year duration of the
study as compared with those who had smaller BMI increases?2. The difference in sex, age
and follow-up duration between our and the Estonian cohort may explain the difference in
findings as both sex and age can impact bone accrual?3-25, Further, literature also supports
greater increases in total body BMD in normal-weight adolescents as compared to those
with obesity after physical activity intervention suggesting that higher adiposity has an
adverse effect on bone accrual 10 Thus, studies with longer follow-up duration and those
evaluating the factors affecting the bone accrual in young women with obesity are needed.
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We found that increases in cortical area and thickness at the non-weight bearing radius,
observed in normal-weight young women over one year were not evident in those with
obesity. The lower accrual rates at the radial cortex seen in our study may explain the

low radial cortical vBMD reported previously in cross-sectional studies of adolescents and
young adults with obesity”:18. Wey et a/ have previously demonstrated a negative association
of fat mass with longitudinal changes in radial cortical vBMD, which supports our findings
of greater increases in both total and cortical vBMD in normal-weight young women who
have lower total fat mass than those with obesity8. The greater risk of wrist fracture in
adolescents with obesity, as reported in the literature, may be explained, partly, by the
suboptimal accrual demonstrated at the radial cortex in our study326,

We found no differences in OB vs. NWC groups for changes in bone parameters at the
weight-bearing tibia over 12 months, Wetzsteon ef a/have previously reported a greater
increase in absolute bone strength at the tibia over 16 months in overweight vs. healthy-
weight children between the ages of 9-11 years, although these changes were suboptimal
when controlled for fat mass, showing that bone strength did not adapt to excess body fat?’.
In contrast to our results at the tibia, in a study of young girls aged 8-13 years, Laddu et

al reported that a two-year longitudinal increase in tibial bone strength index as assessed

by peripheral quantitative CT (pQCT), was positively associated with baseline fat mass.
However, changes in tibial cortical vBMD were higher for girls in the middle versus the
highest tertile of baseline android fat mass suggesting that higher levels of fat mass may
affect cortical vBMD?°. The lack of differences in our cohort may stem from the older age
of our participants, specifically because bone accrual slows down during the later adolescent
years?3.24,

Since our adjusted analysis for differences in bone accrual between the OB vs. NWC after
controlling for menarchal age and changes in BMI showed similar results to the unadjusted
analysis, there is a need to explore further contributing factors. Differences in changes in
bone accrual at the radius vs. the tibia between OB and NWC groups are likely because

of more pronounced effects of mechanical loading in OB at weight-bearing sites, such as
the tibia, as opposed to non-weight bearing sites, such as the radius?®. Greater mechanical
loading at the weight-bearing tibia in OB appears to be protective, mitigating the negative
systemic effects of obesity.

Limitations of our study include a relatively small sample size and that the study participants
were followed for a short duration. Since our study only had female participants, future
studies with both male and female participants will be important to investigate the patterns
of bone accrual over a longer duration of time. The impact of puberty and growth on

bone likely differs in males versus females with obesity due to the differential effects of
obesity on these physiological processes; further exploration of bone outcomes in males
with obesity is thus important. Adjusting for menarchal age statistically might not entirely
capture the contribution of puberty; however, this mitigates the impact of longer estrogen
exposure in girls with obesity due to lower menarchal age. We did not assess differences in
hormonal parameters that may impact bone accrual in the two groups, and physical activity
was also not addressed in detail. Further, contraceptive use was very different between the
two groups, making the effect of hormones on the changes in bone outcomes a potential
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contributory factor. However, we also ran our analyses after controlling for use of oral
contraceptives.

In addition, we had access to whole body BMD Z-scores, but not whole body less head
BMD Z-scores for this cohort, and the ISCD guidelines prefer the latter. We could not use
the Longitudinal Bone Mineral Density in Childhood Study database to calculate whole
body less head BMD Z-scores as this database does not go past 20 years, and several of our
participants were older than 20 years. We used a fixed scan site for the HRpQCT evaluations
vs. the relative site that is sometimes used in growing children. However, it is unlikely

that this impacted our results as our cohort had attained near adult height at study onset

and had minimal height increments over the duration of the study. A significant strength

of our study includes the use of HRpQCT to assess volumetric BMD, bone geometry, and
microarchitecture, especially because DXA results can be impacted by body composition
differences between groups. Ours is one of the very few studies assessing longitudinal

bone accrual for adolescents and young adults with obesity in comparison to normal-weight
controls using such techniques.

In conclusion, our study demonstrates that longitudinal bone accrual over one year is
impaired at the total hip and radius in adolescents and young adult females with obesity
compared to normal-weight controls, while no differences are observed in tibial bone
accrual.
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Abbreviations:

NWC Normal-weight controls

OB Subjects with obesity

BMD Bone mineral density

aBMD Areal bone mineral density

DXA Dual-energy X-ray absorptiometry
vBMD \Volumetric bone mineral density
HRpQCT High resolution peripheral quantitative computed tomography
HFEA Microfinite element analysis

BMI Body mass index

PCOS Polycystic ovarian syndrome
OCPs Combined oral contraceptive pills
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250HD Serum 25 hydroxy vitamin D
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Highlights:

Bone accrual is impaired at the hip and radial cortex in women with obesity
(OB)

The increase in hip bone mineral density (BMD) seen in controls is lacking in
OB

Increases in radial cortical area, thickness and vBMD are lower in OB than
controls
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Figure 1:
Percent change in absolute BMD values (as assessed by DXA) in subjects with obesity (OB)

and normal-weight controls (NWC) over one year, after controlling for age and race *p <
0.05 for between group comparison, T p<0.05 for within group change
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Figure 2:
Percent change in absolute values of radial HRpQCT variables between subjects with

obesity (OB) and normal-weight controls (NWC) over one year, after controlling for age
and race *p < 0.05 for between group comparison, t p<0.05 for within group change
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Baseline characteristics for subjects with obesity (OB) and normal-weight controls (NWC)

Table 1:

Baseline Characteristics OB NwWC p-value
n=21 n=50

Age, years 17.82 £ 0.64 19.04 +0.36 0.107
Race (white/black/Asian/others) 15/2/1/3 31/4/9/6 0.337
Height, cm 164.23 £1.43 163.50 + 0.89 0.666
Height z-score for those under 20 years 0.42+0.30 0.16 +£0.17 0.471
Weight, kg 115.67 +3.85 57.02+0.79 <0.0001
Weight z-score for those under 20 years 2.57 +£0.07 0.10+0.11 <0.0001
BMI, kg/m? 42,76 £1.10 21.33+0.25 <0.0001
BMI z-score 2.38+0.04 0.32+0.10 <0.0001
Physical activity, hours/week 4.75+0.72 6.69 +0.89 0.0927
Age at menarche, years 11.00 (10.88,13) 12.75 (12,13) 0.022
Bone age for those under 18 years, years | 17.00 (16.50, 17.00) | 16.00 (14.63, 16.38) | 0.011
Calcium, mg/dL 9.18 £ 0.07 9.06 £0.11 0.321
250HD, ng/mL 22.5(18.73, 28.75) 24 (19.7, 32.15) 0.388
Breast Tanner stage (1/2/3/4/5) 0/1/0/1/17 0/0/3/5/42 0.243

Data presented as mean + SEM or median (interquartile range)

Significant p values of <0.05 are bolded

BMI: Body Mass Index; 250HD: 25-hydroxycholecalciferol
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Table 2:

Page 16

Baseline characteristics and changes over a year in DXA variables including body composition and bone
parameters for subjects with obesity (OB) and normal-weight controls (NWC)

p-value
p value Chan p-value .
- : ges Changes over : controlling
ﬁﬂr;g;zorgcs)metrlc BL OB BL NWC ;:gp;rr;llérr:% over one one year in ?gpgrc;llér;% for age, race
g year in OB NwWC 9 and change
race race .
in BMI
164.2 163.7 0.4 (-02
Height, cm (160.7, (158.4, 0.959 on 0.3(-0.2,0.6) | 0.542 -
168.4) 168.6) '
116.1 _ 0.5 (-0.5,
Weight, kg (9838, 28'1)63'7' <0.0001 i'g)( 23, C 0.551 -
128.7) : : 2.1)
41.6(38.1, | 212 (201, 0.0 (-0.7,
2 —| -
BMI, kg/m 467) 226) <0.0001 17) 0.1(-02,07) | 0.526
DXA Body
Composition
Total Lean Mass, kg HAES e <0.0001 116+048” | -008£017 | 0.030 -
58.04 15.98 ~ o
Total Fat Mass, kg (46.59, (14.42, <0.0001 g'(l)‘l‘)( 2.83, 102'3)6 0.74 | 0042 -
63.72) 17.37) ' :
48.80 28.21 s e
Percent Fat Mass, % (45.09, (25.58, <0.0001 0%3;3 (=2.33, 101'3)9 (109 | 9180 ;
51.22) 31.13) ' :
DXA Bone Variables
i 0.014 =
Lumbar Spine BMD, 1.08+0.02 | 0.96+0.01 | <0.0001 0.016 + 0.009 P 0.925 0.912
glcm 0.004
Lumbar Spine BMD Z | 0.80 (0, -05(-1.2, 0.00 (-0.25, | 0.00 (-0.10,
scores 1.55) 0) <0.0001 0.30) 0.20) 0.907 0.987
i ~-0.001 + 0.009 =
Total Hip BMD, g/cm? | 1.15+0.03 | 0.98+0.01 | <0.0001 0d08 000" 0.030 0.076
Total Hip BMD Z 1.70 (0.80, ‘();%059 00001 ~010(-030, | 003(-010, | o 0,05
scores 2.55) N ’ 0.15) 0 20)# ) )
0.88) :
Femoral Neck BMD, | 4 444003 | 0.85+001 | <0.0001 ~0.002.+ 0.006+0.004 | 0557 0.964
g/lcm 0.012
Femoral Neck BMD Z -0.17 % _
o 165026 | 95 <0.0001 010012 | 0.06+0.05 0.385 0.694
0.017 0.001
Wholze Body BMD, 1.07 (1.00, 1.04 (1.00, 0883 (~0.018, (~0.012, 0.094 0.145
glem 1.13) 112) 0.035) 0.022)
Whole Body BMD Z -0.05 + -0.42 + P
ol 058 014 0.660 003+0.14 | _g10+005” | 0.091 0.139

Data presented as mean + SEM or median (interquartile range)

Significant p values of <0.05 are bolded

*
Signifies reversal in the directionality of the relationship between the groups after adjusted analyses

#Signifies significant within-group change over one year

BMD: Bone Mineral Density. BMI: Body Mass Index
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Table 3:

Page 17

Baseline characteristics and changes over one year in HRpQCT variables at the radius and tibia for subjects
with obesity (OB) and normal-weight controls (NWC) groups

p-value
p value Chan p-value .
: ges over : controlling
HRpQCT BL OB BL NWC controlling Changes over one year in controlling for age, race
Variables for age and one year in OB NWC for age and and chande
race race . 9
in BMI
Radius
Percent Cortical | 24.00 (17.79, | 20.37 (16.02, -0.33 (~1.45, 0.57 (0.00,
Area 25.87) 26.01) 0.102 122) 121)* 0.006 0.008
Cortical -0.015 (-0.055, | 0.02(-0.003,
Thickness, mm | 0877 £0.047 | 0.780+0034 | 0.020 0.050) 0,045 0.012 0.016
Cortical 1.19 (0.8, 0.79 (0.46, 0546 0.025 (~0.235, ('_0601158 0730 0733
Porosity, % 1.37) 1.34) : 0.285) e : .
0.355)
Percent 0.33 (-1.22, -057 (-1.21,
Trabecular Area | 7742+1.33 | 79.15+£1.00 | 0.102 1.46) 000y 0.006 0.008
Trabecular 0.080 (0.066, | 0.072 (0.064, -0.001 (-0.004, | 0.002 (~0.002,
Thickness, mm | 0.090) 0.078) 0.139 0.009) 0.004) 0422 0.408
Trabecular 2.02 (1.97, 1.95 (1.85, 0.01 (-0.15, -0.03 (-0.09,
Number, Umm | 2.23) 2.15) 0.059 0.18) 0.10) 0644 0:600
Trabecular 0.397 (0.385, | 0.436 (0.394, 0.000 (-0.034, | 0.008 (-0.022,
Separation, mm 0.432) 0.474) 0.031 0.029) 0.024) 0.611 0.594
Cortical vBMD, | 840.2 (809.8, | 846.1 (801.1, . 14.0 (4.6,
mgHA/Ccm3 879°8) 881.9) 0.067 9.0 (-5.1,18.1) 21" 0.034 0.036
Trabecular
VBMD, oo gsg.z, i;i'i)(l“sj’ 0.029 1601357 | 16(-27.44) | 0631 0.601
mgHA/cm3 ’ )
Total vBMD, 3433 (3216, | 3257(267.3, | (39 26(-93,148) 5.2(08, 0.037 0.046
mgHA/cm3 392.4) 362.1) ' ' o 13.0)# ' '
) 94.258 74.930 3 2
phfness, (75.693, (68.724, 0.003 g'ggi)( 6.662, 232%( 1627, 1 9161 0.191
110.371) 87.537) : :
Tibia
Percent Cortical | 20.42 (16.97, | 18.40 (15.16, 0.35(0.17, 0.20 (0.07,
Area 23.40) 22.21) 0.021 0.70)* 038)" 0.517 0.443
Cortical 0.02 (0.01, 0.01 (0.00,
Thickness, mm | 13670061 | 1223+1035 | 0.005 006" 003" 0.466 0.402
Cortical 3.65 (2.44, 1.49 (0.98, -0.070 (-0.335, | 0-430(-0.145,
Porosity, % 4.78) 4.78) 0.002 0.795) 1.320)" 0.292 0.134
Percent 79.58 (76.60, | 81.25 (77.62, -0.35 (-0.70, -0.20 (-0.38,
Trabecular Area | 83.03) 84.23) 0.021 _0_17)# _0'07)# 0.517 0.443
Trabecular 0.076 (0.068, | 0.083 (0.074, 0.002 (0.000, 0.001 (-0.003,
Thickness, mm | 0.089) 0.095) 0.085 0.006)" 0.006) 0.384 0.467
Trabecular 2500 (2.185, | 1920 (1780, | _o 0001 -0.080 (0.155, (_—060115?0 0.606 0.743
Number, 1/mm 2.635) 2.130) ' 0.045) 0 060) ! ’ )
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p-value
p value Chan p-value .
: ges over : controlling
HRpQCT BL OB BL NWC controlling Changes over one year in controlling for age, race
Variables for age and one year in OB for age and
NwWC and change
race race .
in BMI
Trabecular 0.323 (0.301, 0.431 (0.390, 0.010 (-0.007, 0.003 (-0.018,
Separation, mm | 0.370) 0.470) <0.0001 0.022) 0.029) 0871 0.934
) 868.9 6.7 (0.5
Cortical vBMD, 880.8 (850.5, # | 6705
(854.25, 0.676 5.8 (14.10.2 P 0.352 0.337

mgHA/cm3 894.1) 912.0) (1.4,10.2) 185)
Trabecular 1.6 (-0.2,
VBMD, gzzlg.%(lgg.z, %g?fll)(lm-& 0.003 27 (-04,37)" » 0.625 0.663
mgHA/cm3 : : 3.3)
Total vBMD, 359.4 (334.5, | 332.4(290.6, # #
mgHA/cm3 387.3) 361.1) 0.005 41(2.3,75) 33(14,75)" | 0613 0581

i 250.915 220.837 4,502 (0.044, 2.984 (-0.276,
ﬁ}u'jfm“’fnss (218.948, (205.147, 0.013 ( P (# 0.561 0.636

277.303) 243.585) 10.897) 7.340)

Data presented as mean + SEM or median (interquartile range)

Significant p values of <0.05 are bolded

Signifies reversal of the relationship between the groups after adjusted analyses

#Signifies significant within-group change over one year

vBMD: Volumetric Bone Mineral Density

Bone. Author manuscript; available in PMC 2024 July 01.



	Abstract
	Introduction
	Participants and Methods
	Participant Selection:
	Methods:
	Areal Bone Mineral Density (aBMD) and Body Composition Assessment:
	Volumetric Bone Mineral Density (vBMD) and Strength Estimates Assessment:
	Biochemical Analysis:

	Statistical Analysis:

	Results
	Anthropometric measures and clinical characteristics at baseline (Table 1):
	Body composition at baseline and changes over one year in anthropometric measures and body composition (Table 2):
	DXA bone variables at baseline and changes over one year (Table 2):
	HRpQCT bone variables at baseline and changes over one year (Table 3):
	Radius:
	Tibia:

	Controlling for Other Possible Confounders:

	Discussion:
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:

