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Abstract

Historically, obesity was thought to be advantageous for maintaining healthy bones due to the 

greater BMD observed in overweight individuals. However, recent observations of increased 

fracture in some obese individuals has led to concern that common metabolic complications of 

obesity, such as type 2 diabetes, metabolic syndrome, impaired glucose tolerance, insulin 

resistance, hyperglycemia, and inflammation may be associated with poor bone health. In support 

of this hypothesis, greater visceral fat, a hallmark of insulin resistance and metabolic syndrome, is 

associated with lower BMD. Research is needed to determine if and how visceral fat and/or poor 

metabolic health are causally associated with bone health. Clinicians should consider adding a 

marker metabolic health, such as waist circumference or fasting plasma glucose concentration, to 

other known risk factors for osteoporosis and fracture.
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Introduction

Historically, obesity was thought to be advantageous for maintaining healthy bones (1). 

Heavier individuals have greater bone mineral content (BMC) and bone mineral density 

(BMD), and statistically are at lower risk for osteoporosis. These observations were 

attributed to increased “loading” and characteristics of the endocrine environment. However, 

recent observations have indicated that in some cases obesity is associated with elevated 

fracture risk (2). We propose that these apparently discrepant observations are explained by 

the confounding effect of poor metabolic health. Obesity is associated with perturbations of 

metabolic health, including type 2 diabetes mellitus (T2DM), metabolic syndrome, impaired 

glucose tolerance, impaired fasting glucose, insulin resistance, hyperglycemia, and 

inflammation, as well as disruptions of the endocrine system (e.g., the growth factor and 

reproductive axes). Although greater body weight may be beneficial regarding bone size and 

density, the metabolic complications associated with obesity, particularly abdominal/visceral 

obesity, are likely to have adverse effects on qualitative aspects of bone health, such as 

structure and function. In this article, we will review and synthesize recent literature 

regarding obesity and bone health, including BMD, fracture risk, and qualitative aspects 
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including geometry, strength, and microarchitecture. We will focus on articles that lend 

insight into the role of metabolic health, and interpret the results in the context of the 

characteristics of the study participants.

Children and adolescents

The effect of body fat on skeletal maturation has only recently emerged as an important area 

of investigation. Because bone integrity in childhood is likely to have biologically relevant 

effects on skeletal competence in advanced age (3), it is important to understand the factors, 

including obesity, that determine bone mass, geometry, and strength in childhood. An 

obligatory level of fat is required for the initiation of skeletal maturation, however excess 

adiposity, while associated with increased bone size may have an adverse effect on bone 

quality. Across the pubertal years, body fat has been associated with larger bones in boys, 

and larger and denser bones in girls (4). However, accelerated skeletal growth and greater 

bone size may not translate into reduced fracture risk. In fact, two recent studies reviewing 

the medical records of patients aged 2 to 19 yr showed that overweight and obese children 

had an increased odds ratio of fracture, with the association strongest in the 6-11 year-old 

age group (5, 6). Gender may affect the association between obesity and bone outcomes. In 

adolescents, fat mass was independently associated with cortical bone mass in girls but not 

boys (7). In girls, the prevalence of overweight/obesity was greater in individuals presenting 

with fracture at either upper or lower limb, but in boys, prevalence was greater only with 

fracture at the lower limb (8). Fat distribution and/or metabolic health may affect the 

association between adipose tissue and bone. Although total body fat was positively 

associated with BMC in overweight children, visceral fat and subcutaneous abdominal fat 

were inversely associated, and children with prediabetes had lower BMC than children who 

were normal glucose tolerant (9). During puberty, expansion of bone marrow adipose tissue 

(BMAT) is associated with bone anabolism. However in adults, greater BMAT is associated 

with lower BMD (10). Thus, whether obesity in childhood affects the trajectory of BMAT 

expansion, and thereby compromises bone strength, is a topic that requires research.

Pre-menopausal women

Studies in healthy premenopausal women indicate that fat distribution is associated with 

several measures of bone health, independently of obesity per se (11–15). Abdominal fat, 

visceral fat (VAT), and BMAT are adversely associated with bone health, conferring lower 

BMD, lower trabecular bone volume and stiffness, higher cortical porosity, and lower bone 

formation rate. In contrast, subcutaneous adipose tissue may be positively associated, or not 

associated, with measures of bone health. Although the mechanism for these divergent 

associations is not clear, it is possible that differential production of leptin, adiponectin, 

aromatase, or proinflammatory molecules could play a role. The observation that abdominal 

fat, VAT, and BMAT are associated with each other suggests coordinate regulation. It is 

possible that a metabolic insult, such as inflammation or oxidative stress, or an endocrine 

perturbation precipitates a global shift in allocation of resources from bone to fat, perhaps at 

the stage of mesenchymal stem cell differentiation. In support of a role for the endocrine 

system, serum concentrations of insulin-like growth factor-1 (IGF-1) were positively 

associated with BMD and a marker of bone formation (procollagen type 1 amino-terminal 
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propeptide, P1NP), and inversely associated with VAT and BMAT. In premenopausal 

women, thigh muscle cross-sectional area and density were positively associated with BMD, 

suggesting that lean mass (not fat mass) is responsible for the positive association between 

obesity and BMD (11).

Postmenopausal women

Menopause is associated with an acute increase in bone remodeling that further increases 

with advancing age. Increased remodeling has been associated with increased skeletal 

fragility, and may in part explain greater fracture risk in older women. How obesity, with its 

suppressive impact on remodeling, interacts with the novel physiology of the 

postmenopausal years is not clear. Some reports suggest that obesity is protective against 

osteoporosis due to its promotion of greater BMD (16). Areal and volumetric BMD at 

multiple sites was noted to be higher in obese vs normal-weight postmenopausal women and 

positively associated with body fat (15, 17). Likewise, cortical thickness, trabecular number, 

trabecular distribution, and bone strength estimated by pQCT and micro-finite element 

analysis were more favorable in obese women. However, all differences were reversed after 

normalizing for body weight, suggesting that the apparent absolute advantage of obesity 

may not be in proportion to the excess of weight, possibly leading to relative bone fragility. 

In support of this hypothesis, data from the Global Longitudinal Study of Osteoporosis in 

Women (GLOW), which involved >60,000 postmenopausal women in 10 countries, 

indicated that obesity was associated with increased risk of ankle and upper leg fractures 

(18). In a medical-record-based study of over 800,000 postmenopausal women, the 

association between obesity and fracture was site-specific, being lower in the hip/pelvic area 

but 30% higher in the proximal humerus (19). Although it can be speculated that adipose 

tissue may protect the hip region during a fall, the source of higher arm fractures in obesity 

is not clear. It is possible that the adverse effects of obesity on BMD or bone architecture are 

more apparent in the arm, which does not benefit from the mechanical (loading) stimuli 

associated with increased body weight. Alternatively, the additional body weight in obesity 

may increase the force of a fall beyond that which can be accommodated by the arm. The 

ratio of VAT to subcutaneous fat was adversely associated with measures of bone density 

and architecture after accounting for confounding factors (15). Thus, whether the greater 

BMD in obesity confers any advantage or disadvantage to bone health in this group is not 

clear; further research is needed to examine aspects of bone quality in obesity, and to 

determine whether body fat distribution or metabolic health clarifies associations among 

obesity, bone health, and fracture risk.

Men

Gender differences may exist between the association of fat mass with bone quantity and/or 

quality. In a study that included both sexes and carefully adjusted for the confounding effect 

of body size, fat mass was significantly associated with BMD in women, but only weakly 

associated in men (20). However, the association of body composition with bone density in 

men may depend on age and energy balance (gaining vs losing weight). Among older men 

aged 70-97 y who were gaining weight, the increase in lean mass (but not fat mass) 

predicted increase in BMD, whereas among those who were losing weight, loss of fat (but 
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not lean mass) predicted decrease in BMD, suggesting a protective effect of fat (21). 

Similarly in men aged >50 y, the ratio of VAT to subcutaneous fat was positively and 

independently associated with femoral neck BMD (15). However, in younger men, this ratio 

was inversely associated with both areal and volumetric BMD of the femoral neck, 

suggesting that age modifies the association between visceral fat and bone.

Although low (but not high) BMI was associated with elevated fracture risk (22), obesity 

may be associated with increased risk for some fractures. A large population study found 

that overweight/obese men were at higher risk for multiple rib fractures, although their risk 

for spine, hip, pelvis, and wrist/forearm fractures was lower (23). Data from MrOS indicated 

that, after adjusting for BMD, greater obesity was associated with greater risk for hip and 

non-spine fracture, which was explained in part by lower physical function (24). In men, 

poor bone microarchitecture was associated with greater VAT, and also with concentrations 

of a number of hormones (growth hormone, IGF-1, testosterone, estradiol), several of which 

are negatively impacted by obesity (25).

Type 2 diabetes

Fracture risk is increased in T2DM, often despite concomitant obesity and high BMD (26). 

The reason for the increased fracture risk is not entirely clear, but may be explained in part 

by greater falls resulting from hypoglycemic episodes, peripheral neuropathy, or retinopathy. 

It is also possible that, despite greater BMD, bone quality is compromised. Such qualitative 

aspects include the macrogeometry of cortical bone, the microarchitecture of trabecular 

bone, bone mineralization, and turnover (27). To illustrate this point, T2DM was associated 

with higher BMD at all sites, but lower lumbar spine trabecular bone score (TBS) from 

DXA (27). TBS reflects the density of the trabecular network, and is correlated with fracture 

risk. Low TBS predicted fracture independent of BMD in individuals with and without 

T2DM. A portion of the excess fracture risk in T2DM was statistically accounted for by 

TBS, but not BMD. Although the mechanism through which T2DM results in altered bone 

formation is not known, it may be related to cross-linking of advanced glycation 

endproducts (AGEs), which increases the brittle quality of bone, or to increased cortical 

porosity. Among non-diabetic individuals, AGEs were higher in those with a history of 

fracture (26), suggesting that a continuum exists in metabolic dysfunction as it pertains to 

bone structure. Similarly, biochemical markers of bone formation/turnover are reduced in 

both T2DM and obesity. Taken together, these observations suggest that indices of metabolic 

health must be separated from obesity to make appropriate conclusions regarding the 

possible impact of fat mass on bone.

Elderly

Although low body weight has long been recognized as a risk factor for fracture in the 

elderly, attention has only recently turned to whether overweight or obesity affects fracture 

risk in this age group. A meta-analysis that evaluated BMI as a risk factor for fracture in the 

elderly demonstrated a 17% reduction in risk at a BMI of 30 kg/m2 (obese) relative to the 

reference BMI of 25 kg/m2, particularly for hip fracture (22). Similarly, lower abdominal fat 

was associated with a higher risk for fragility fracture in women aged 57-97 yr, independent 
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of age, lean mass, and BMD (28). These observations agree with data in older men 

(discussed above) indicating that fat and specifically VAT were positively associated with 

BMD (21)(15). Taken together, these results suggest that obesity, specifically abdominal 

obesity, has a protective effect on BMD and fracture in the elderly. The mechanism for these 

effects and the reason for their occurrence only in elderly are not known. Although in other 

age groups obesity is associated with greater adverse post-fracture outcomes, there is little 

information concerning adverse consequences of fracture in the obese elderly (e.g., 

functional limitation or loss of independence), and this gap in knowledge warrants 

examination.

Sarcopenic obesity

In addition to adversely impacting fracture risk through affects on bone, obesity may 

indirectly affect fracture risk through effects on muscle. The term “sarcopenic obesity” was 

coined to reflect the inverse association observed between accumulation of body fat and the 

decline in muscle mass and/or function in some individuals (29). Although the mechanism 

for this effect is not clear, pro-inflammatory factors emanating from adipose tissue may 

adversely affect muscle development or maintenance. This may occur on a local level, as 

adipose tissue is observed to infiltrate skeletal muscle, particularly in older adults. 

Alternatively, oxidative stress from chronic energy imbalance or poor diet may promote the 

terminal differentiation of satellite cells towards adipose at the expense of muscle. The end 

result is a situation where muscle function becomes impaired, leading to increased risk for 

fall and fracture.

Weight loss for bones?

Given the dichotomous association between obesity and bone health, the question emerges 

as to whether weight loss is beneficial or harmful for bone density and quality. Based on the 

existing literature, in an absolute sense, weight loss by diet or surgical means is generally 

associated with increases in markers of bone turnover, and decreases in bone content and 

density (30, 31). Whether loss of bone due to negative energy balance is “bad” with respect 

to bone health is less clear. When BMD data were normalized to the new, reduced body 

weight, weight-specific BMD was actually higher following weight loss, at least in 

premenopausal women (32). Further, in older adults, decreased BMD associated with 

intentional weight loss was not associated with adverse changes in bone microarchitecture 

(33). Weight re-gain is associated with re-gain of bone in pre-(30, 32), but not 

postmenopausal (34) women, suggesting that the endocrine milieu associated with older age 

does not support bone growth in the context of positive energy imbalance (weight gain). This 

could explain the phenomenon of increased fracture risk in obese older adults; ie., it is 

possible that bone is not able to increase appropriately with weight gain in older adults, and 

may suggest that intentional weight loss (which is rarely successfully maintained) may be 

dangerous for long-term bone health in older adults. Studies examining whether a specific 

metabolic condition (e.g. visceral obesity, diabetes, metabolic syndrome) interacts with 

intentional weight loss on measures of bone health have not been done, and are needed. 

Importantly, studies examining bone quality with weight loss in multiple populations are 
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needed to clarify whether the decrease in BMD with intentional weight loss is detrimental to 

bone strength.

Recommendations for clinical care

Clinicians should be aware that obesity has divergent effects on bone health. While greater 

body weight associated with obesity may increase bone density, poor metabolic health 

associated with obesity may impair bone strength and/or density at certain sites, with 

variation occurring across age and gender groups. It is important to consider metabolic 

health in obese patients. If their waist circumference exceeds published cut-points for poor 

metabolic health, or if they have T2DM, impaired fasting glucose, or impaired glucose 

tolerance, obese patients may be at risk for osteoporosis and/or fracture. At present, current 

guideline for estimating fracture risk (e.g., FRAX) do not consider metabolic health. 

Research is needed to develop guidelines for incorporating metabolic health markers into 

prediction algorithms such as FRAX. Until this information is available, we recommend 

using waist circumference, fasting plasma glucose concentration, or 2-hour plasma glucose 

concentration obtained from a glucose tolerance test to determine if overweight/obese 

patients should be evaluated for bone density and counseled regarding fracture risk (see Fig. 

1 for specific criteria).

Summary and need for future research

Although obesity is associated with greater bone content and density, it is not clear that the 

magnitude of the increase fully compensates for the increased adipose tissue burden, and if 

the greater BMD/BMC necessarily protects against fracture. Unfavorable effects of obesity 

on bone quality may adversely affect bone strength. Gender and age differences were 

apparent in the association between fat mass and bone health, with some suggestion that fat 

could be protective in older men. However, adverse effects of obesity on bone quantity and 

quality that occur early in life may limit peak bone accrual and thereby have lasting effects 

that persist into older age. Whether weight loss is beneficial for bone health is not clear, 

particularly in older adults where loss of bone may be irreversible. VAT, an accepted 

hallmark of poor metabolic health, is associated adversely with BMD, suggesting that 

insulin resistance, inflammation, or other factors associated with poor metabolic health have 

adverse effects on bone metabolism. This hypothesis is supported by the increased fracture 

risk in T2DM, often despite concomitant obesity and high BMD (26). However, the cause-

and-effect nature of these relationships is not clear, and it is equally likely that lifestyle 

factors or poor metabolic health may stimulate differentiation of stem cells towards fat at the 

expense of bone, leading to both accumulation of VAT and poor bone structure and function. 

In addition, whether visceral adiposity is associated with greater risk for fracture has not 

been examined. Carefully designed interventions are needed to clarify the nature of 

associations between specific adipose tissue depots and bone density, quality, and fracture 

risk (Fig. 2).
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Fig. 1. 
Main points
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Fig. 2. 
Research is needed to address the following questions:
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