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Abstract

Bone marrow fat may serve a metabolic role distinct from other fat depots, and it may be altered 

by metabolic conditions including diabetes. Caloric restriction paradoxically increases marrow fat 

in mice, and women with anorexia nervosa have high marrow fat. The longitudinal effect of 

weight loss on marrow fat in humans is unknown. We hypothesized that marrow fat increases after 

Roux-en-Y gastric bypass (RYGB) surgery, as total body fat decreases. In a pilot study of 11 

morbidly obese women (6 diabetic, 5 nondiabetic), we measured vertebral marrow fat content 

(percentage fat fraction) before and 6 months after RYGB using magnetic resonance spectroscopy. 

Total body fat mass declined in all participants (mean ±SD decline 19.1 ±6.1 kg or 36.5 ±10.9%, 

p<0.001). Areal bone mineral density (BMD) decreased by 5.2 ±3.5% and 4.1 ±2.6% at the 

femoral neck and total hip, respectively, and volumetric BMD decreased at the spine by 7.4 ±2.8% 

(p<0.001 for all). Effects of RYGB on marrow fat differed by diabetes status (adjusted p=0.04). 

There was little mean change in marrow fat in nondiabetic women (mean +0.9%, 95% CI -10.0 to 

+11.7%, p=0.84). In contrast, marrow fat decreased in diabetic women (−7.5%, 95% CI -15.2 to 

+0.1%, p=0.05). Changes in total body fat mass and marrow fat were inversely correlated among 

nondiabetic (r=−0.96, p=0.01) but not diabetic (r=0.52, p=0.29) participants. In conclusion, among 

those without diabetes, marrow fat is maintained on average after RYGB, despite dramatic 
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declines in overall fat mass. Among those with diabetes, RYGB may reduce marrow fat. Thus, 

future studies of marrow fat should take diabetes status into account. Marrow fat may have unique 

metabolic behavior compared with other fat depots.
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1. INTRODUCTION

Bone marrow is well recognized as a depot for adipose tissue, but the physiological 

significance of bone marrow fat remains undefined. Because adipocytes and osteoblasts 

share a common mesenchymal stem cell precursor within the marrow microenvironment, 

bone marrow fat has gained increasing attention as a potential biomarker or regulator of the 

interaction between fat and bone metabolism [1, 2]. Greater bone marrow fat is associated 

with lower bone mineral density (BMD) [3-7] as well as more rapid bone loss [8] and 

vertebral fracture [9]. In addition, marrow fat, which can now be quantified non-invasively 

with proton magnetic resonance spectroscopy (1H-MRS), has been studied recently as an 

endocrine organ with systemic effects [10].

Increasing evidence suggests that bone marrow fat is regulated differently from visceral fat 

and subcutaneous fat. In young mice, caloric restriction results in high bone marrow fat 

compared to mice on a normal diet, despite lower percentage body fat [11]. In humans, 

women with anorexia nervosa have higher marrow fat than controls, despite having much 

lower total body fat [12]. These findings have led to the proposal that marrow fat may serve 

as a depot for energy stores in the setting of starvation or relative starvation [13, 14]. 

Further, an increase or relative preservation of bone marrow fat may play a role in the 

decline in bone mass seen with weight loss in humans [15-18]. However, no published 

studies have examined the longitudinal effects of weight loss on marrow fat in humans.

Other metabolic conditions potentially linked to marrow fat include diabetes. In mouse 

models of type 1 or type 2 diabetes, marrow fat content is high [19, 20]. In women with type 

2 diabetes, higher hemoglobin A1c (HbA1c) levels are associated with greater marrow fat, 

suggesting that marrow fat may influence or be influenced by glucose metabolism and 

glycemic control [21]. No published studies have assessed change in marrow fat in the 

setting of improving or declining glycemic control.

Weight loss surgery, including the Roux-en-Y gastric bypass (RYGB), produces dramatic 

weight loss and substantial improvements in diabetes [22, 23]. These striking metabolic 

changes provide an ideal opportunity for the longitudinal study of marrow fat in humans. In 

a pilot study of morbidly obese diabetic and nondiabetic women undergoing RYGB, we 

examined the effects of RYGB on vertebral bone marrow fat content. We hypothesized that 

marrow fat content increases after RYGB while total body fat decreases markedly.
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2. MATERIAL AND METHODS

2.1 Study population

Pilot study participants were enrolled from a larger study in progress examining body 

composition and skeletal changes after RYGB. Funding from a pilot study grant allowed for 

a sample of 11 from the larger cohort.

We recruited women ≥25 years of age from two academic bariatric surgery centers (the 

University of California, San Francisco and the San Francisco Veterans Affairs Medical 

Center), between October 2012 and July 2013. Women were eligible if they were scheduled 

for an upcoming RYGB procedure. Participants were enrolled without regard to diabetes 

status. We excluded women who were perimenopausal (defined as last menses >3 months 

but <5 years ago), in order to minimize changes in sex hormones unrelated to surgical 

weight loss. Premenopausal women on stable hormonal contraception and postmenopausal 

women on stable estrogen/progestin therapy were eligible. We also excluded women who 

used medications known to impact bone metabolism or marrow fat, including 

thiazolidinediones, bisphosphonates or teriparatide (in the last year or for >12 months ever), 

and oral glucocorticoids (>5 mg prednisone equivalent daily for >10 days in the last 3 

months). Other exclusion criteria included prior bariatric surgery, estimated glomerular 

filtration rate <30 mL/min, and weight >300 pounds (due to concerns about MR scanner 

capacity).

Participants took a chewable calcium citrate supplement at a dose determined by the study 

investigators to achieve a total daily calcium intake of approximately 1200 mg, with 

reassessment of dietary calcium intake and adjustment of the supplement dose during the 

study period. Low 25-hydroxyvitamin D levels were repleted following enrollment with a 

target level ≥30 ng/mL, and vitamin D supplements were dosed to maintain that target level.

The institutional review board approved the study protocol. All participants provided written 

informed consent.

2.2 Vertebral bone marrow fat: acquisition and analysis

Pre-operatively and 6 months post-operatively, vertebral marrow fat content (percentage fat 

fraction) was measured using a GE MR750 wide bore scanner (GE Healthcare, Milwaukee, 

WI) with embedded posterior phased array coils (GEM suite, GE Healthcare). The imaging 

protocol included a standard clinical sagittal T2-weighted Fast Spin Echo (FSE) sequence 

(Repetition [TR]/Echo Time [TE]=5000/87 msec, echo train length=32, field of view=22 

cm, slice thickness=6 mm), which was used for visual assessment of lumbar vertebrae and 

for prescription of the spectral acquisition box. Single voxel MRS was acquired in the L3 

and L4 vertebrae using the Point Resolved Spectroscopy (PRESS) sequence with the 

following parameters: TF/TE=3000/37 msec, 64 averages without water suppression, sweep 

width=5000 Hz, data points=4096, voxel size=15 × 15 × 20 mm3=4.5 cm3. The PRESS box 

was positioned in the middle of the vertebral body. The PRESS box size was kept the same 

for all subjects. Outer volume saturation bands were used to eliminate potential 

contamination of outside signals.
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Spectral data were analyzed using jMRUI software [24]. After phase, baseline, and 

frequency shift correction, 2 peaks were fitted using Marquardt Fit: water peak at 4.67 ppm 

and fat peak at 1.3 ppm (the bulk CH2 methylene protons). Using this technique, bone does 

not contribute to the signal. The area under each peak was calculated, and marrow fat 

content was determined as fat/(fat+water) x 100%. Study team members responsible for 

MRS analysis were blinded to patient characteristics including diabetes status.

2.3 Vertebral bone marrow fat: reproducibility

In a previous same-day reproducibility study (two MR scans on the same day with 

repositioning between scans), the coefficient of variation (CV) for vertebral marrow fat 

content was 1.7% [25].

As a part of this pilot study, we determined the 6-month longitudinal reproducibility of 

the 1H-MRS technique in healthy adult women. Six healthy, normal weight women were 

scanned twice, with the two scans 6 months apart. Women did not have osteoporosis or 

diabetes and did not use medications known to impact bone metabolism. Mean 6-month CV 

for L3-L4 marrow fat content was 3.8% (range 0.2% to 5.6%). At L3, mean CV was 4.4%, 

and at L4, mean CV was 3.2%.

2.4 Other measures

Pre-operatively and 6 months post-operatively, body mass index (BMI) was calculated as 

weight/height2 (kg/m2). Waist circumference was measured in the midaxillary line at the 

level of the lowest rib, and hip circumference at the maximum extension of the buttocks, 

viewed from the side.

Whole body fat (grams) and areal BMD (aBMD, g/cm2) were measured pre-operatively and 

6 months post-operatively by DXA (Hologic Discovery W densitometer, Bedford, MA, 

USA). Modified half-body scans were employed if a participant's body dimensions exceeded 

the width of the scanning area [26]. Spinal volumetric BMD (vBMD, g/cm3) at the L3 and 

L4 vertebrae was assessed by quantitative computed tomography (QCT). Findings on QCT 

were evaluated according to methods described previously (Mindways Software, Austin, 

TX, USA) [27, 28]. Visceral adipose tissue area (cm2) was measured by computed 

tomography (CT) (General Electrics VCT64 scanner, Milwaukee, WI) using a single axial 

slice at the mid-L4 vertebra. The fascial borders of the internal abdominal wall were traced 

manually, using specialized software developed at the University of California, San 

Francisco [29]. Visceral adipose area was calculated by multiplying the number of pixels 

within the adipose attenuation threshold by the pixel area.

HbA1c and basic chemistries were measured. Diabetes was defined as HbA1c level ≥6.5% or 

a prior physician's diagnosis of diabetes plus use of an antidiabetic medication.

Physical activity was assessed pre-operatively and 6 months post-operatively using the 

International Physical Activity Questionnaire short form [30], with data reported as 

Metabolic Equivalent of Task (MET, or metabolic equivalent) minutes per week (MET-min/

wk).
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2.5 Statistical analysis

Means and medians were calculated for baseline characteristics. Because of evidence in 

murine and human studies that diabetes may influence marrow fat content, we considered 

diabetic and nondiabetic women separately in addition to examining the cohort as a whole. 

Differences in baseline characteristics between diabetic and nondiabetic participants were 

assessed using χ2, Mann-Whitney, and Student's t-tests. For all participants and for each 

diabetes stratum, we used Wilcoxon signed-rank tests or paired t-tests as appropriate to 

determine whether study outcomes changed between pre-operative and 6 month post-

operative time points. Similarly, we used Mann-Whitney and t-tests to assess between-group 

differences in these changes. Next, we used linear models to estimate minimally adjusted 

associations between diabetes status and 6-month change in marrow fat. We included as 

covariates those variables which, when added to the unadjusted base model, changed the 

point estimate for diabetes status by ≥10%. Finally, we used Spearman's rank and Pearson's 

correlation tests to characterize the unadjusted relationships between change in marrow fat 

and changes in other study parameters. Data were analyzed using Stata 12 software 

(StataCorp, College Station, TX).

3. RESULTS

3.1 Baseline participant characteristics and correlations

Participants were 44.6 ± 13.2 (mean ± SD) years old (Table 1). Mean pre-operative weight 

was 111.1 ± 16.0 kg, and mean BMI was 40.4 ± 4.6 kg/m2. Six women had diabetes, while 5 

did not. Participants were premenopausal with the exception of two women with diabetes 

who were postmenopausal; one took no estrogen replacement therapy and the other took 

daily oral estradiol, which was stable throughout follow-up. Mean pre-operative HbA1c level 

was 7.2% among those with diabetes and 5.5% among those without diabetes (p<0.01). 

Mean pre-operative marrow fat content was 49.2% (95% CI 38.8 to 59.5%); marrow fat 

content was 54.2% (95% CI 41.1 to 67.2%) and 43.1% (95% CI 20.9 to 65.2%) in diabetic 

and nondiabetic participants, respectively. At baseline, there was a correlation between age 

and marrow fat content among nondiabetic participants (r=0.93, p=0.02), such that older 

participants had higher marrow fat content. Among the nondiabetic participants, there was 

an inverse correlation between baseline total body fat and marrow fat content, such that 

those with the greater total body adiposity had lower marrow fat content (r=-0.62, p=0.04); a 

similar correlation existed for baseline body weight and marrow fat. In contrast, there was a 

trend towards a positive correlation between baseline visceral fat and marrow fat content, 

such that those with greater visceral fat had higher marrow fat content (r=0.58, p=0.06).

At baseline, marrow fat content was inversely correlated with spinal vBMD overall (r=

−0.76, p<0.01), such that those with higher marrow fat content had lower vBMD; this 

relationship was not different between diabetic and nondiabetic women. Correlations 

between marrow fat content and aBMD were r=−0.59, p=0.06 at the femoral neck; r=−0.12, 

p=0.73 at the total hip; and r=−0.14, p=0.68 at the lumbar spine.
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3.2 Changes in body composition, metabolic parameters, and BMD after RYGB

All participants lost weight after RYGB, with a mean 26.7 ± 9.6 kg decrease (p<0.001, 

Table 2). Total body fat mass declined in all participants (by a mean 19.1 ± 6.1 kg, or by 

36.5% ± 10.9%, p<0.001). HbA1c levels decreased to a greater extent among participants 

with diabetes than among those without diabetes (p<0.01 for difference between groups). 

Six months postoperatively, 5 of 6 diabetic women had fasting glucose levels <100 mg/dL 

and HbA1c levels <6.5% without the use of antidiabetic medications. BMD decreased over 

the 6-month period, with overall aBMD declines of 5.2% ± 3.5% and 4.1% ± 2.6% at the 

femoral neck and total hip, respectively, and a spinal vBMD decline of 7.4% ± 2.8% 

(p<0.001 for all). Change in aBMD at the lumbar spine was −1.6% ± 2.6% (p=0.08). There 

were no consistent or statistically significant differences in BMD change between diabetic 

and nondiabetic participants.

3.3 Changes in marrow fat after RYGB

Overall, marrow fat did not change significantly after RYGB, with mean change −3.7% 

(95% CI −9.6 to +2.1%, p=0.19, Table 2). Among nondiabetic women, marrow fat showed 

very little change (mean change +0.9%, 95% CI −10.0 to +11.7%, p=0.84, Figure 1). In 

contrast, among diabetic women, marrow fat decreased, with a mean decline of −7.5% (95% 

CI −15.2 to +0.1%, p=0.05). In univariate analysis, the mean difference in marrow fat 

change between those with and without diabetes was 8.4% (95% CI −2.5 to 19.3%, p=0.12). 

After adjustment for menopausal status and race (covariates meeting criteria for inclusion in 

a multivariable model), diabetes status was associated with change in marrow fat, such that 

those with diabetes were more likely to experience a decline in marrow fat post-operatively 

(p=0.04). Adjusting for age instead of menopausal status yielded a similar result.

3.4 Changes in marrow fat, body composition, metabolic parameters, and BMD

Among nondiabetic women, changes in total body fat and marrow fat content were inversely 

correlated (r=−0.96, p=0.01), such that those with greater decreases in total body fat mass 

were more likely to have increases in marrow fat (Table 3, Figure 2). No statistically 

significant correlation was observed between changes in visceral fat and marrow fat content 

(r=−0.33, p=0.59). Among diabetic women, no inverse correlations between changes in total 

body fat or visceral fat and marrow fat content were apparent (r=0.52, p=0.29, and r=−0.00, 

p=0.99, respectively).

Despite the post-operative decline in HbA1c level, there was no statistically significant 

correlation between change in HbA1c and change in marrow fat. However, the direction of 

correlation was opposite for women with and without diabetes.

Changes in physical activity and marrow fat were correlated among those with diabetes 

(r=0.86, p=0.03) but not among those without diabetes (r=0.08, p=0.89).

No statistically significant correlations were observed between changes in marrow fat and 

BMD, among the pilot study participants as a group or with stratification by diabetes status 

(data not shown).
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4. DISCUSSION

To our knowledge, this is the first study to evaluate the longitudinal effects of weight loss on 

bone marrow fat in humans. We found that these effects differed by diabetes status, with a 

reduction in marrow fat content after RYGB surgery in diabetic women but no significant 

mean change in those without diabetes.

Based on published observations that caloric restriction paradoxically increases marrow fat 

in mice [11] and that women with anorexia nervosa have high marrow fat [12, 31], we had 

hypothesized that marrow fat content would increase after RYGB. In fact, we had 

hypothesized that marrow fat content would increase markedly, given the consistent and 

dramatic declines in total body fat induced by RYGB. However, our findings did not support 

this hypothesis. Instead, our diabetic participants experienced a decrease in marrow fat 

content, concurrent with an impressive decline in total body fat. We propose now that this 

may have been because RYGB improved diabetes control for these women, by means of the 

resulting weight loss and the additional neurohormonal changes known to accompany 

RYGB [32]. Indeed, 5 of the 6 diabetic women had fasting glucose and HbA1c values at 

nondiabetic levels post-operatively, without the use of antidiabetic medications.

Animal models and some clinical data indicate that marrow fat may influence or be 

influenced by glucose metabolism and glycemic control. Mouse models of type 1 and type 2 

diabetes have shown higher marrow fat content than nondiabetic controls [19, 20]. In a 

cohort of older men, those with diabetes had higher marrow fat content than those without 

diabetes [33], and in a study of postmenopausal women, there was a strong positive 

correlation between HbA1c and marrow fat content among those with diabetes [21]. In our 

small pilot study, mean baseline marrow fat was 54% in diabetic women vs. 43% in 

nondiabetic women, although this difference was not statistically significant and could have 

reflected the nonsignificant older mean age of the diabetic women. Marrow fat content 

decreased after RYGB among diabetic women, making this the first study (to our 

knowledge) to assess marrow fat longitudinally during changes in glucose metabolism.

In contrast, among nondiabetic women, mean marrow fat content did not change after 

RYGB (mean change +0.9%, p=0.84), despite impressive declines in weight, total body fat, 

and visceral fat. These data are inconsistent with the findings from murine models of caloric 

restriction and women with anorexia nervosa, which would predict an increase in marrow fat 

content. A potential explanation is that caloric restriction causing an obese person to move 

closer to normal weight differs fundamentally from caloric restriction causing a normal 

weight person to become underweight (as in the starvation of anorexia nervosa). However, 

the maintenance of marrow fat content during RYGB-induced weight loss, despite the 

dramatic decline of other adipose depots, supports the view that the behavior of marrow fat 

may oppose the behavior of total body fat. In support of this interpretation is our finding of a 

strong inverse correlation between change in weight or total body fat and change in marrow 

fat content, such that those with greater decreases in weight or total body fat were more 

likely to have increases in marrow fat. This view allows for the possibility that marrow fat is 

a distinct endocrine organ with unique systemic effects, which is the premise of active basic 

and clinical investigation [10].
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Increasing evidence indicates that RYGB negatively impacts bone metabolism, with 

declines in BMD and detrimental microstructural effects [34, 35]. Although greater bone 

marrow fat has been associated with lower bone mineral density (BMD) [3-7], our 

longitudinal findings do not support the hypothesis that change in marrow fat plays an 

important causal role in the bone loss after RYGB. Our findings also suggest that observed 

decreases in BMD are not fully explained as artifactual decreases in measured BMD 

resulting from increases in marrow fat [36, 37]. However, given our study's small sample 

size, these conclusions are necessarily speculative.

The principal limitation of this pilot study is its small sample size. For nondiabetic 

participants in particular, the 95% CI around the mean +0.9% change in marrow fat content 

was broad (-10.0% to +11.7%), and therefore we cannot rule out the possibility of a change 

(increase or decrease). However, even if that is the case, the preponderance of evidence is 

that change in marrow fat content is not uniform after RYGB, making marrow fat distinct 

from total body fat and visceral fat in its behavior. Our power to detect significant 

correlations was likewise limited. For example, we did not observe a significant correlation 

between changes in HbA1c and marrow fat content among diabetic women, although we 

speculate that a positive correlation might be demonstrable in a larger study or a study 

standardizing the pre-operative use and post-operative discontinuation of antidiabetic 

medications. In addition, a limitation of this study is its short duration of follow-up. While 

the 6-month duration of our study captured the period of most dramatic weight loss after 

RYGB, changes in marrow fat content over this period might not reflect changes in marrow 

fat content over a longer period of weight loss and stabilization (i.e., upon achievement of a 

new steady state).

In conclusion, the effect of RYGB on marrow fat may vary depending on diabetes status. 

Our data suggest that among those without diabetes, marrow fat content is maintained after 

RYGB despite dramatic declines in overall fat mass. In contrast, among those with diabetes, 

RYGB may reduce marrow fat content, possibly by improving glycemic control. While the 

conclusions to be drawn from this pilot study are limited by its small sample size and short 

duration, we propose that future studies of marrow fat during weight loss in humans should 

take into account participants’ diabetes status. Not only are larger and longer studies 

required for the definitive examination of marrow fat after RYGB, but also future research is 

needed to understand the physiological significance and regulation of marrow fat, including 

mechanisms for possible regulation by nutritional status or glucose metabolism. Our 

findings provide further evidence that marrow fat may have unique metabolic behavior 

compared with other fat depots.
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HIGHLIGHTS

• Caloric restriction paradoxically increases marrow fat in mice, and women with 

anorexia nervosa have high marrow fat.

• We hypothesized that marrow fat increases after Roux-en-Y gastric bypass 

(RYGB) surgery, as total body fat decreases.

• In 11 obese women, vertebral marrow fat content was measured before and 6 

months after RYGB, using magnetic resonance spectroscopy.

• Among the 6 diabetic women, RYGB decreased marrow fat. Among the 5 

nondiabetic women, there was no mean change.

• Future studies of marrow fat should take diabetes status into account and 

explore marrow fat and bone mass relationships further.
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Figure 1. 
Changes in total body fat (A) and vertebral bone marrow fat content (B) 6 months after 

Roux-en-Y gastric bypass surgery, stratified by diabetes status. Mean values are ± SEM.
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Figure 2. 
Correlation between 6-month changes in vertebral bone marrow fat content and total body 

fat among nondiabetic women.
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Table 1

Baseline characteristics of study participants

All Participants (n=11) Diabetic Participants (n=6) Nondiabetic Participants (n=5) p-value (between groups)

Age - yr 44.6 ± 13.2 49.3 ± 13.8 39.0 ± 11.2 0.21

Menopause status - no. (%) 0.15

    Premenopausal 9 (82%) 4 (67%) 5 (100%)

    Postmenopausal 2 (18%) 2 (33%) 0 (0%)

Race - no. (%) 0.45

    White 6 (55%) 4 (67%) 2 (40%)

    Black 4 (36%) 2 (33%) 2 (40%)

    Asian 1 (9%) 0 (0%) 1 (20%)

Weight (kg) 111.1 ± 16.0 105.3 ± 12.8 118.0 ± 17.9 0.20

Body mass index (kg/m2) 40.4 ± 4.6 38.8 ± 3.8 42.3 ± 5.2 0.23

Total body fat (kg) 52.5 ± 9.5 47.8 ± 7.5 58.1 ± 9.2 0.07

Visceral fat (cm2) 153.8 ± 77.3 187.9 ± 83.0 112.8 ± 50.0 0.11

Waist circumference (cm) 111.1 ± 7.5 111.1 ± 8.5 111.0 ± 7.2 0.99

Percentage body fat (%) 47.8 ± 4.4 45.8 ± 4.3 50.1 ± 3.6 0.11

Hip circumference (cm) 130.8 ± 10.9 127.0 ± 9.1 135.5 ± 12.1 0.22

Waist-hip ratio 0.85 ± 0.06 0.88 ± 0.06 0.82 ± 0.06 0.15

Hemoglobin A1c (%) 6.4 ± 1.2 7.2 ± 1.0 5.5 ± 0.3 <0.01

Physical activity (MET-min/wk) 495 (0, 3066) 1634 (33, 3066) 198 (0, 2439) 0.58

Femoral neck aBMD (g/cm2) 0.906 ± 0.151 0.875 ± 0.174 0.942 ± 0.128 0.50

Total hip aBMD (g/cm2) 1.064 ± 0.120 1.066 ± 0.153 1.061 ± 0.083 0.95

Lumbar spine aBMD (g/cm2) 1.133 ± 0.105 1.137 ± 0.127 1.129 ± 0.087 0.92

Spinal vBMD (g/cm3) 0.162 ± 0.036 0.156 ± 0.039 0.169 ± 0.035 0.56

Marrow fat content (%) 49.2 ± 15.4 54.2 ± 12.4 43.1 ± 17.8 0.25

Values are means ± SDs, counts (percentages), or medians (interquartile ranges).

Bone. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schafer et al. Page 16

T
ab

le
 2

C
ha

ng
es

 in
 b

od
y 

co
m

po
si

tio
n,

 m
et

ab
ol

ic
 p

ar
am

et
er

s,
 a

nd
 v

er
te

br
al

 m
ar

ro
w

 f
at

 c
on

te
nt

 6
 m

on
th

s 
af

te
r 

R
Y

G
B

P
ar

am
et

er
C

ha
ng

e 
fr

om
 b

as
el

in
e

A
ll 

pa
rt

ic
ip

an
ts

p-
va

lu
e 

(w
it

hi
n 

gr
ou

p)
D

ia
be

ti
c 

pa
rt

ic
ip

an
ts

p-
va

lu
e 

(w
it

hi
n 

gr
ou

p)
N

on
di

ab
et

ic
 p

ar
ti

ci
pa

nt
s

p-
va

lu
e 

(w
it

hi
n 

gr
ou

p)
p-

va
lu

e 
(b

et
w

ee
n 

gr
ou

ps
)

W
ei

gh
t (

ab
so

lu
te

 
ch

an
ge

, k
g)

−
26

.7
 ±

 9
.6

 
(9

5%
 C

I 
−

33
.1

, 
−

20
.3

)

<
0.

00
01

−
27

.8
 ±

 1
0.

6 
(9

5%
 C

I 
−

39
.0

, −
16

.6
)

<
0.

01
−

25
.3

 ±
 9

.1
 (

95
%

 C
I 

−
36

.7
, −

14
.0

)
<

0.
01

0.
69

W
ei

gh
t (

%
 c

ha
ng

e)
−

23
.8

 ±
 7

.4
 

(9
5%

 C
I 

−
28

.8
, 

−
18

.9
)

<
0.

00
01

−
26

.2
 ±

 8
.6

 (
95

%
 C

I 
−

35
.3

, −
17

.2
)

<
0.

00
1

−
20

.9
 ±

 4
.8

 (
95

%
 C

I 
−

26
.9

, −
14

.9
)

<
0.

00
1

0.
25

T
ot

al
 b

od
y 

fa
t 

(a
bs

ol
ut

e 
ch

an
ge

, 
kg

)

−
19

.1
 ±

 6
.1

 
(9

5%
 C

I 
−

23
.2

, 
−

15
.0

)

<
0.

00
01

−
19

.5
 ±

 6
.9

 (
95

%
 C

I 
−

26
.7

, −
12

.3
)

<
0.

00
1

−
18

.6
 ±

 5
.9

 (
95

%
 C

I 
−

25
.9

, −
11

.3
)

<
0.

01
0.

83

T
ot

al
 b

od
y 

fa
t (

%
 

ch
an

ge
)

−
36

.5
 ±

 1
0.

9 
(9

5%
 C

I 
−

43
.7

, 
−

29
.2

)

<
0.

00
01

−
40

.7
 ±

 1
2.

6 
(9

5%
 C

I 
−

53
.9

, −
27

.4
)

<
0.

00
1

−
31

.4
 ±

 6
.0

 (
95

%
 C

I 
−

38
.8

, −
24

.0
)

<
0.

00
1

0.
17

V
is

ce
ra

l f
at

 
(a

bs
ol

ut
e 

ch
an

ge
, 

cm
2 )

−
77

.9
 ±

 4
9.

8 
(9

5%
 C

I 
−

11
1.

4,
 −

44
.5

)

<
0.

00
1

−
10

5.
2 

±
 5

2.
9 

(9
5%

 
C

I 
−

16
0.

7,
 −

49
.7

)
<

0.
01

−
45

.2
 ±

 1
6.

0 
(9

5%
 C

I 
−

65
.1

, −
25

.3
)

<
0.

01
0.

04

V
is

ce
ra

l f
at

 (
%

 
ch

an
ge

)
−

50
.4

 ±
 1

6.
5 

(9
5%

 C
I 

−
61

.5
, 

−
39

.3
)

<
0.

00
01

−
57

.4
 ±

 1
8.

8 
(9

5%
 C

I 
−

77
.1

, −
37

.8
)

<
0.

00
1

−
41

.9
 ±

 8
.9

 (
95

%
 C

I 
−

53
.0

, −
30

.9
)

<
0.

00
1

0.
13

H
em

og
lo

bi
n 

A
1c

 
(a

bs
ol

ut
e 

ch
an

ge
, 

%
)

−
1.

0 
±

 0
.9

 (
95

%
 

C
I 

−
1.

6,
 −

0.
4)

<
0.

01
−

1.
6 

±
 0

.7
 (

95
%

 C
I 

−
2.

3,
 −

0.
8)

<
0.

01
−

0.
2 

±
 0

.3
 (

95
%

 C
I 

−
0.

5,
 

+
0.

3)
0.

18
<

0.
01

Ph
ys

ic
al

 a
ct

iv
ity

 
(a

bs
 c

hg
, M

E
T

-
m

in
/w

k)

+
18

6 
(−

20
94

, 
+

18
99

) 
(9

5%
 C

I 
−

25
07

, +
46

75
)

0.
93

−
20

7 
(−

20
94

, +
10

07
) 

(9
5%

 C
I 

−
20

43
, 

+
14

38
)

0.
60

+
29

7 
(−

97
3,

 +
31

92
) 

(9
5%

 
C

I 
−

70
01

, +
12

,4
98

)
0.

69
0.

58

Fe
m

or
al

 n
ec

k 
aB

M
D

 (
%

 c
ha

ng
e)

−
5.

2 
±

 3
.5

 (
95

%
 

C
I 

−
7.

6,
 −

2.
8)

<
0.

00
1

−
4.

4 
±

 4
.3

 (
95

%
 C

I 
−

8.
9,

 +
0.

1)
0.

05
−

6.
2 

±
 2

.5
 (

95
%

 C
I 

−
9.

3,
 

−
3.

1)
<

0.
01

0.
43

T
ot

al
 h

ip
 a

B
M

D
 

(%
 c

ha
ng

e)
−

4.
1 

±
 2

.6
 (

95
%

 
C

I 
−

5.
8,

 −
2.

3)
<

0.
00

1
−

5.
3 

±
 2

.8
 (

95
%

 C
I 

−
8.

2,
 −

2.
4)

<
0.

01
−

2.
6 

±
 1

.3
 (

95
%

 C
I 

−
4.

2,
 

−
1.

0)
0.

01
0.

08

L
um

ba
r 

sp
in

e 
aB

M
D

 (
%

 c
ha

ng
e)

−
1.

6 
±

 2
.6

 (
95

%
 

C
I 

−
3.

3,
 +

0.
2)

0.
08

−
0.

7 
±

 2
.5

 (
95

%
 C

I 
−

3.
4,

 +
1.

9)
0.

50
−

2.
5 

±
 2

.7
 (

95
%

 C
I 

−
5.

8,
 

+
0.

8)
0.

10
0.

29

Sp
in

al
 v

B
M

D
 (

%
 

ch
an

ge
)

−
7.

4 
±

 2
.8

 (
95

%
 

C
I 

−
9.

3,
 −

5.
5)

<
0.

00
01

−
8.

7 
±

 3
.1

 (
95

%
 C

I 
−

11
.9

, −
5.

4)
0.

00
1

−
5.

9 
±

 1
.7

 (
95

%
 C

I 
−

8.
0,

 
−

3.
8)

0.
00

2
0.

11

M
ar

ro
w

 f
at

 c
on

te
nt

 
(a

bs
ol

ut
e 

ch
an

ge
, 

%
)

−
3.

7 
±

 8
.7

 (
95

%
 

C
I 

−
9.

6,
 +

2.
1)

0.
19

−
7.

5 
±

 7
.3

 (
95

%
 C

I 
−

15
.2

, +
0.

1)
0.

05
+

0.
9 

±
 8

.8
 (

95
%

 C
I 

−
10

.0
, +

11
.7

)
0.

84
0.

12

V
al

ue
s 

ar
e 

m
ea

ns
 ±

 S
D

s 
or

 m
ed

ia
ns

 (
in

te
rq

ua
rt

ile
 r

an
ge

s)
 a

nd
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s.

Bone. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schafer et al. Page 17

Table 3

Unadjusted correlations between 6-month changes in body composition and hemoglobin A1c, and 6-month 

change in vertebral marrow fat content, stratified by diabetes status

Weight (% change) Total body fat 
(absolute change)

Visceral fat 
(absolute change)

HbA1c (absolute change)

Marrow fat content 
(absolute change)

All participants 0.15 (p=0.65) −0.09 (p=0.79) 0.28 (p=0.42) 0.44 (p=0.17)

Diabetes 0.44 (p=0.38) 0.52 (p=0.29) −0.00 (p=0.99) 0.25 (p=0.63)

No diabetes −0.96 (p=0.01) −0.96 (p=0.01) −0.33 (p=0.59) −0.36 (p=0.55)

Values are Pearson's coefficients of correlation and corresponding p-values.
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