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Abstract

Purpose of the Review—Despite evidence that energy deficit produces multiple physiological
and metabolic benefits, clinicians are often reluctant to prescribe weight loss in older individuals

or those with low BMD, fearing BMD will be decreased. Confusion exists concerning the effects
weight loss has on bone health.

Recent Findings—Bone density is more closely associated with lean mass than total body mass
and fat mass. Although rapid/large weight loss is often associated with loss of bone density,
slower/smaller weight loss is much less apt to adversely affect BMD, especially when it is
accompanied with high intensity resistance and/or impact loading training. Maintenance of
calcium and vitamin D intake seems to positively affect BMD during weight loss. While dual
energy X-ray absorptiometry is normally used to evaluate bone density, it may overestimate BMD
loss following massive weight loss. Volumetric quantitative computed tomography may be more
accurate for tracking bone density changes following large weight loss.

Summary—NModerate weight loss does not necessarily compromise bone health, especially when
exercise training is involved. Training strategies that include heavy resistance training and high
impact loading that occur with jump training may be especially productive in maintaining, or even
increasing bone density with weight loss.
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Introduction

It is generally assumed that overweight/obese individuals are protected against low bone
mineral density (BMD) and fractures to a greater extent than normal weight individuals [1,
2]. Consistent with this assumption, several [3, 4] but not all [5] studies have shown a
decrease in BMD with weight loss. It is postulated that the decrease in BMD during weight
loss may be due to decreased mechanical loading of bones during locomotion, and increased
calcium loss resulting from a combination of reduced parathyroid hormone and extraovarian
estrogen production [3, 4]. Despite extensive evidence that energy deficit produced by
exercise and/or energy restriction produces multiple physiological and metabolic benefits,
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clinicians are often reluctant to prescribe weight loss in older individuals or those with low
BMD. One of the primary physiological benefits of exercise during weight loss is
maintenance of skeletal muscle mass. Maintaining and potentially increasing skeletal muscle
mass are important as BMD has been shown to be more closely associated with lean body
mass than fat mass. This is consistent with the observation that relative bone density may
increase following weight loss if skeletal muscle mass is maintained during exercise [6]. The
following is a brief review of the pertinent papers concerning BMD and weight loss
published during 2013 and the first few months of 2014.

Obesity and BMD

Confusion still exists over the effects of obesity on BMD. Increased body weight has been
generally associated with increased BMD while low body weight or severe reductions in
body weight is often associated with decreased BMD. Indeed, overweight/obesity is
associated with increased bone size and strength in adolescents [7, 8], and adults [9] while
eating disorders which produce rapid reductions in body weight, such as anorexia nervosa
and bulimia, are associated with low BMD and poor bone health [10, 11]. In addition,
female athletes with lower body weight/BMI tend to have low BMD [12]. The incidence of
low BMD is higher in female athletes in the presence of oligo/amenorrhea or delayed
menarche [12]. Furthermore, in sedentary populations such as breast cancer survivors [13]
or chronic obstructive pulmonary disease (COPD) patients [14], both body weight and lean
mass are positively associated with BMD. While body weight is often used when assessing
the relationship between weight loss and BMD, multiple studies have reported lean weight
to be a much stronger correlate of BMD than body weight or BMI, while no relationship
between fat mass and BMD [8, 15-17] has been found in several studies.

Effects of Weight Loss Produced by Diet and/or Exercise on BMD

Bone mineral density decreases with diet-induced weight loss [18-20], and at least in post-
menopausal women, does not return to pre-weight loss levels with weight regain [20].
Although it is impossible to understand how age-related losses in BMD contribute to the
losses observed across the 2 year follow-up, these findings suggest that weight loss produces
long-term impairments in BMD of postmenopausal women. On the other hand, recent
studies in older adults show that moderate energy restriction and regular exercise produces
weight loss and improves mortality risk without adversely affecting muscle and BMD [21].
When calcium intake is conserved during energy restriction, BMD is conserved despite a
10% loss of body weight in young adults [22]. Consistent with the hypothesis that diet-
induced weight loss does not adversely affect bone health, relative (adjusted for body
weight) hip and spine BMD increased following a diet-induced 12 kg weight loss in both
exercising and non-exercising pre-menopausal women. The increase in relative BMD was
maintained 1 year following weight loss in women who either regained weight or
maintained weight during the follow-up [19]. In addition, section modulus (a measure of
resistance to bending) at the hip neck did not change following weight loss or 1 year
following weight loss. Taken together, the results of this study suggest that although
absolute BMD may be reduced, the BMD relative to the new body weight is actually
enhanced and maintained for one year following weight loss, possibly reducing the risk of

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hunter et al.

Page 3

fracture. In another study, obese older adults who participated in an energy restriction/
exercise program did not change BMD differently from control subjects who neither
exercised nor lost weight while a group that only exercised increased BMD [6]. Changes in
BMD were correlated to changes in thigh muscle volume supporting the hypothesis that
weight loss does not affect BMD adversely as long as muscle is maintained with exercise
training [6]. Just as reduced loading of bone such as that experienced during weight loss or
bed rest in humans and tail suspensions in rodents induce dramatic decreases in BMD [23],
high forces that are rapidly developed may increase bone density by increased loading. Jump
exercise during hindlimb unloading protects against adverse changes in trabecular bone
microarchitecture in young rats [23]. Consistent with the premise that high impact loading
may positively affect bone health even in very lean young women (~16% fat), gymnasts
increased BMD at the lumbar spine and femoral neck more than runners and controls
following 8 months of training and more than swimmers following 12 months of training
[24]. These changes occurred despite the gymnasts starting the study with relatively high
BMD. Presumably, a similar strategy using high impact loading may be successful in
preventing loss of BMD during energy restriction dietary interventions.

Muscle and BMD

As indicated above, muscle is more strongly related to BMD than fat or body weight.
Interestingly, myostatin, a member of the transforming growth factor superfamily, inhibits
satellite cell augmentation and differentiation, two factors that are necessary for growth of
skeletal muscle. In animals, myostatin inhibition leads to increased lean mass and bone
formation and decreased fat mass [25]. It is not known whether myostatin has a direct effect
on bone or whether its effect on bone is through changes in muscle. Thus, future research
should examine the potential relationship between myostatin and bone formation in humans.

Consistent with the concept that maintenance of lean tissue and prevention of fat mass gain
may be important for maintaining bone health, loss of lean tissue (0.9 %) and gain in fat (9
%) occurred concomitantly with a decrease in bone mass (1.6%) across 5 years in 1329 men
aged 25 to 96 years [26]. The majority of existing literature has consistently shown that
resistance training is the best strategy for maintaining lean tissue during weight loss, while
aerobic training seems to have only a minimal effect on preservation of lean tissue during
energy restriction-induced weight loss [27]. Interestingly, a combination of resistance and
high impact jump training was successful at reducing the loss of BMD at L6 in a group of 70
year old prostate cancer survivors [28]. Importantly these older prostate cancer survivors
seemed to tolerate the high impact jump training well. Therefore, it seems prudent to include
resistance training during diet- induced weight loss in order to maintain lean tissue and
BMD.

Effect of Macronutrient Variation on BMD

It has been hypothesized that high protein western diets can induce metabolic acidosis and
hypercalciuria, which may negatively impact bone health by lowering BMD, resulting in an
increased fracture rate [29, 30]. Consistent with this, high protein intake is accompanied by
increased acidity of the blood [31], while ammonium chloride (NH4CL) induced chronic
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metabolic acidosis in rats resulted in decreased muscle cross-sectional area, cortical bone
thickness, BMD, and trabecular bone volume [32]. However, contrary to these findings a
weight loss study using a high protein diet (~ 25%) for two years in pre-menopausal women
found no adverse effects of high protein diet on BMD despite increases in hypercalciuria
[29]. In addition, it is proposed that a high protein diet may actually help to conserve bone
density during dietary weight loss by preserving muscle [33]. Therefore, given the
discrepancies between findings, additional studies are required to determine if a threshold of
protein consumption exists that may alter BMD and functional status of bone, and if
differences exist between men and women during the aging spectrum with regards to protein
consumption. In addition, studies are needed to determine the impact of variable protein
consumption during the exponential growth phase in children when protein intake is more
crucial to growth expansion.

Vitamin D is often linked to BMD and overall bone health as evidenced by the frequency of
vitamin D supplementation in foods and recommendations to accumulate sun exposure
during the photoperiod. Previous studies show that low vitamin D is often associated with
reduced BMD. However, a recent study showed that high 25-hydroxyvitamin D (mean level
56 nmol/l) was not associated with 5 year BMD losses in femoral neck and lumbar spine of
older Japanese women [34]. Given that the available evidence does not provide unequivocal
evidence on the relationship between high protein intake, 25-hydroxy D levels, and BMD,
additional studies should be performed in different populations, age groups and in the
presence of weight loss to resolve these discrepancies.

Gastric Bypass Surgery-Mediated Effects on BMD

Roux-en-Y gastric bypass (RYGB) surgery produces profound and rapid changes in
metabolism that precede weight loss in morbidly obese individuals. Within 2—-3 weeks of the
surgical procedure, patients experience weight loss that produces additional physiological
and metabolic benefits. However, the rapid reduction in body weight lowers BMD in a
fashion that may be similar to weight loss produced by negative energy balance, i.e.
reductions in mechanical loading, calcium, and vitamin D malabsorption [35]. However, a
recent Roux-en-Y gastric bypass surgery study on rats indicates that the initial decreases in
calcium absorption are more associated with metabolic acidosis rather than reduced 1,25-
dihydroxyvitamin D decrease [36]. Although, mechanisms for potential BMD loss following
Roux-en-Y surgery are unknown at this time, a recent review by Yu [37] points out that
recent studies show that reduction in serum vitamin D and parathyroid hormone do not
accompany these BMD losses.

One of the important caveats to this conclusion raised from recent RYGB studies is that
when morbidly obese individuals lose large amounts of body weight, dual energy X-ray
absorptiometry (DXA) may overestimate loss of bone density. DXA has been considered to
be the gold standard for measuring BMD over the past 15-20 years, but the rapid weight
loss produced by RYGB has forced a closer evaluation of DXA in this environment.

Volumetric quantitative computed tomography (QCT) is a technique that may be more
accurate for tracking bone density changes following large weight loss, i.e. > 30 kg. A recent
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study that evaluated BMD changes following RYGB surgery (~35 kg weight loss) found
that proximal BMD femur loss was less when using QCT as compared to DXA [38]. In
addition, spine BMD did not change when using QCT despite significant decreases in spine
BMD using DXA. It is impossible to definitively determine which imaging technique is
more accurate; however, several studies suggest that DXA may be more susceptible to
artifacts than QCT. One problem is that DXA is restricted to two different X-ray beam
energies, but is used to assess three different tissues (bone, fat, and lean tissue).
Furthermore, DXA algorithm assumes that the fat:lean tissue ratios across a region of
interest are similar. In the morbidly obese and during large weight loss this assumption may
not be met. This may be particularly problematic when there is a large abdominal pannus
that overlays the hip area. It should also be mentioned that intraosseous bone marrow fat can
affect both DXA and QCT measurements. Since there is no universally accepted method for
evaluation of BMD in the morbidly obese, it is difficult to determine which technique is
more accurate in this population. Despite the lower measures of BMD loss in the QCT group
reported in the above study, it is probable that BMD was reduced since there was a marked
change in bone turnover markers following the gastric bypass surgery [38].

Maintaining bone health and a healthy body composition is critical for healthy aging. Given
the high prevalence of obesity and comorbidities associated with adiposity, it is important to
further our understanding of the relationship between BMD and body composition. It is
especially critical that we identify optimal strategies for weight loss that do not compromise
bone health. As suggested in Figure 1, recent results suggest that moderate weight loss does
not necessarily compromise bone health, especially when exercise training is involved. This
may be particularly relevant when exercise training includes significant stress on bones.
Training strategies that include heavy resistance training and high impact loading that occur
with jump training may be especially productive in maintaining, or even increasing bone
density with weight loss. While we have made great strides in recent years in our
understanding of changes in BMD during weight loss, partly due to advances in
measurement techniques, there are still a number of questions that remain. One of the
primary questions concerns the optimal modes, frequencies, volumes, or intensities of
exercise for maintaining BMD during weight loss. We also have little understanding of what
happens to BMD during massive weight loss such as occurs with gastric bypass surgery. For
example, we do not know if weight loss is associated with malabsorption of important
nutrients, decreased loading of bone, or other unanticipated factors. Future research should
focus on improving our understanding of the interaction of rate of weight loss and exercise
mode, frequency, intensity, and volume on BMD changes.
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