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Abstract
The nature of the relationship between affective disorders, bone mineral density (BMD), and bone
metabolism is unresolved, although there is growing evidence that many medications used to treat
affective disorders are associated with low BMD or alterations in neuroendocrine systems that
influence bone turnover. The objective of this review is to describe the current evidence regarding
the association of unipolar and bipolar depression with BMD and indicators of bone metabolism,
and to explore potential mediating and confounding influences of those relationships. The majority
of studies of unipolar depression and BMD indicate that depressive symptoms are associated with
low BMD. In contrast, evidence regarding the relationship between bipolar depression and BMD
is inconsistent. There is limited but suggestive evidence to support an association between
affective disorders and some markers of bone turnover. Many medications used to treat affective
disorders have effects on physiologic systems that influence bone metabolism, and these
conditions are also associated with a range of health behaviors that can influence osteoporosis risk.
Future research should focus on disentangling the pathways linking psychotropic medications and
their clinical indications with BMD and fracture risk.
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Introduction
Osteoporosis and the increased risk of fracture associated with this condition is a growing
public health issue in the United States, largely driven by the shift in the proportion of the
population surviving into older age. The National Osteoporosis Foundation has projected
that by 2020 47.5 million U.S. adults over the age of 50 will have osteopenia and another
13.9 million will have osteoporosis [1]. Osteoporosis is associated with fractures of the hip,
vertebrae, and wrist, which incur a significant impact on functioning, disability and
increased risk of mortality [2].

Psychiatric and medical health conditions often co-occur [3], and in the past three decades a
growing body of research has indicated that psychiatric disorders often precede onset of
medical conditions—generally by many years—suggesting that the causal nature of these
relationships is bidirectional. For example, depression has been identified as a robust risk
factor for several cardiometabolic conditions, including type 2 diabetes [4] and
cardiovascular disease [5]. Several psychiatric conditions (i.e., schizophrenia) [6] are
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associated with hormonal disturbances and behaviors that may affect bone mineral density
(BMD), and it has been suggested that unipolar depression (UPD) is an unrecognized risk
factor for osteoporosis [7]. This review focuses on the relationship between BMD and two
of the most common and costly—both in terms of health care expenses and disability-
adjusted life years lost—psychiatric disorders: UPD and bipolar disorder (BPD) [8–10].

Unipolar Depression and Osteoporosis
Unipolar depression is one of the most prevalent psychiatric conditions, affecting
approximately 8–16% of the U.S. adult population at some point over the lifespan [11].
Depression generally onsets in mid-life (median age of onset = 32 years) [11, 12], and
characterized by an episodic course [13]. Episodes of UPD are characterized by cardinal
symptoms of dysphoria and/or anhedonia and a clustering of associated symptoms,
including appetite disturbances, problems sleeping, psychomotor changes, concentration
problems, fatigue, feelings of guilt, and a preoccupation with death or dying [14].

In 1994, Schwieger and colleagues published the first comparative study of depression and
osteoporosis and reported that the depressed group had BMD values, on average, 15% lower
than the control group [15]. The majority of subsequent studies have replicated this finding
of an association between depression and low BMD, although differences in sample
composition (particularly concerning age and sex distributions of the participants) and
assessment of depression limit the strength of conclusions that can be drawn [16]. Figure 1
illustrates the difference in mean BMD (total hip, femoral neck, and lumbar spine, as
indicated, ascertained via DEXA) between UPD and nondepressed comparison participants
in those retrospective studies that provided sufficient data to estimate this effect [17–29]. As
indicated by the figure, the finding of whether cases of UPD have lower BMD relative to
controls, and the degree of that difference, varies substantially both across studies and across
DEXA measurement sites. Even if UPD is associated with lower BMD, the clinical
significance of this relationship remains to be established (e.g., whether the effect is large
enough to warrant clinical intervention).

A handful of studies have examined the association between depressive symptoms at
baseline and change in BMD at follow-up, with mixed results [17, 18, 30–33]. For example,
Milliken et al. reported that depressive symptoms were associated with a reduction in BMD
at the femoral neck among older women 3 years later [33], whereas Whooley et al. found no
association between depressive symptoms and BMD change among older men [17].
Spangler et al. reported that the depressive symptoms were only associated with BMD
change among the subset of the sample that was not using antidepressants [32].

The primary limitations of extant studies of UPD and BMD pertain to small sample sizes
and differing sample composition, the relative lack of longitudinal analyses, and the risk of
residual confounding from unaccounted variables, including psychotropic medication use
(discussed below). Independent of the relationship between UPD and antidepressant use
with BMD, there is substantial evidence that both are associated with risk of fracture, the
primary clinical outcome of osteoporosis [16, 34, 35].

Bipolar Disorder and Osteoporosis
Bipolar disorder affects up to 6% of U.S. adults [36] and is characterized by episodes of
mania, which are periods of increased energy, restlessness, irritability, racing thoughts, sleep
disturbances, and euphoria, and the cycling between manic episodes, depressive episodes,
and euthymic mood states [14]. Bipolar disorder is a chronic condition that often onsets
early in the life course (median onset = 25 - years) [36] and, like UPD, is often extremely
disabling in many functional domains [8].
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In contrast to the evidence regarding the relationship between UPD and BMD, there has
been relative little research on the association between BPD, or depressive symptoms among
persons with BPD, and BMD despite the fact that most persons with BPD experience
depressive episodes throughout their lifetime [37]. Studies of BPD and BMD thus far have
relied on small (n<50) samples of BPD patients (or cases of both BPD and UPD) from
clinics (Table 1). It is difficult to synthesize these results due to the differing study designs
and methods used to assess bone mass (i.e., BMD versus BMC), but important limitations of
these studies include: (1) heterogeneity in exposure (e.g., including both BPD and UPD
cases), (2) limited sample size, and thus low statistical power to detect an effect, and (3) the
notable lack of appropriate comparison groups. In addition, none of these reports examined
whether characteristics of BPD (i.e., manic or depressive symptom severity or duration), as
opposed to duration or type of medication treatment, were associated with bone mass. In
sum, there is little evidence that either BPD or manic symptoms are associated with BMD,
but this should be interpreted as an absence of evidence rather than evidence of the absence
of such an association, particularly in light of the suggestive evidence that lithium, one of
the primary medications used to treat this condition, is associated with lower fracture risk
[35, 38] and may preserve bone mass [39] (discussed below).

Potential Pathways Linking Mood Disorders and Osteoporosis
Physiology

Bone turnover is influenced by both local and peripheral hormonal systems. Many
neuroendocrine hormones affect bone formation and/or bone resorption, indicating a
potential link between psychiatric conditions and bone mass [40, 41]. Both UPD and BPD
are associated with alterations in four key physiologic systems that influence bone
metabolism: inflammatory processes; hypothalamic-pituitary-adrenal (HPA) axis activation
and subsequent hypercortisolism; sympathetic nervous system (SNS) activation; and
gonadal and adrenal steroids.

Inflammation—Levels of interleukin-6 (IL-6) and other inflammatory markers, such as C-
reactive protein (CRP) and TNF-α, are elevated in depression and BPD [42–45]. These
proinflammatory cytokines are associated with bone metabolism and BMD, both through
direct and indirect pathways [43, 46, 47]. IL-1 and TNF-α, which are stimulated by IL-6
[43], stimulate bone resorption and inhibit bone formation [48]. IL-6 also stimulates
corticotrophin releasing hormone (CRH) secretion and activates the HPA axis, further
potentiating the effects of cortisol on bone metabolism [49]. In post-menopausal women the
effects of IL-6 on bone metabolism may be more pronounced. Estrogen suppresses IL-6
both at the level of DNA transcription and receptor activation [43] and disease states
characterized by a loss of gonadal hormones are associated with heightened levels of IL-6
[43]. Also, psychiatric symptoms including hostility, depression, and anxiety have been
shown to influence T-cell activity [50–52], and T cells are key activators of receptor
activator of nuclear factor KB ligand (RANKL), which is the primary regulator of osteoclast
activity [46, 53]. It is important to note that the relationship between depressive symptoms
and inflammation is clearly bi-directional [52], as many of the primary symptoms of
depression, including appetite disturbances, sleep disturbances, and fatigue, are also
consequences of proinflammatory cytokines.

Hypercortisolism—Hypercortisolism, a consequence of HPA axis activation, has potent
effects on bone metabolism [54] and rate of bone loss [55, 56]. Both depressive symptoms
and BPD have been associated with hypercortisolism [57, 58]. Cortisol directly alters bone
formation by inhibiting production of type I collagen by osteoblasts [59], and indirectly
influences bone metabolism by inhibiting absorption of calcium from the intestine [56].
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Depressive symptoms and hypercortisolism are also associated with centralized deposition
of fat and insulin resistance [60–62], which are thought to indirectly influence BMD through
both inflammatory and steroidal pathways (discussed below). The links between
hypercortisolism, depressive symptoms, insulin resistance, centralization of body fat, and
low BMD are possibly best exemplified by the case of Cushings Syndrome, a state of
hypercortisolism induced by a tumor of pituitary or adrenal glands [63, 64]. Long-term use
of glucocorticoids can also induce a clustering of these signs and symptoms and secondary
osteoporosis [65].

Sympathetic Activation—Depressive symptoms are associated with elevations in SNS
activity as measured by catecholamine synthesis and hormone levels (i.e., tyrosine
hydroxylase, norepinephrine) [66, 67], and elevated levels of these hormones are associated
with reduced BMD [40]. Animal models suggest that exposure to chronic stress (an
established risk factor for UPD) [68], and subsequent SNS activation, directly inhibits bone
formation by reducing the number and activity of osteoblasts [69, 70]. While the influence
of the SNS activation on BMD is thought to be modest, this system may also influence bone
metabolism by moderating the response of bone to mechanical stimulation [70].

Gonadal and Adrenal Steroids—Gonadal and adrenal steroids decline with age, and the
most rapid time of BMD loss occurs during and after menopause for older adults [1]. Both
UPD and BPD are associated with decreased levels of the gonadal steroids estrogen [71] and
testosterone [72], which are key regulators of bone formation [73, 74]. There is also
suggestive evidence linking depressive symptoms to alterations in levels of the adrenal
steroid dehydroepiandrosterone (DHEA) [75]. Elevated sex-hormone binding globulin
(SHBG), the primary chaperone protein for gonadal hormones, has been associated with
existing osteoporosis and markers of bone metabolism in men [76, 77]. Animal studies also
suggest that the effect of pharmacologic agents on bone, including selective serotonin
reuptake inhibitors (SSRIs), is moderated by sex hormones [78]. The adrenal steroid DHEA
and its sulfate (DHEAS) have been associated with BMD, and synthesis of these adrenal
steroids is influenced by circulating levels of cortisol [73]. Randomized controlled trials
indicate that DHEA replacement in older adults is associated with increases in BMD [79],
although this relationship appears to be mediated by estrogen [80].

Markers of Bone Turnover—Elevated bone turnover is thought to negatively influence
BMD and indicate increased fracture risk [40, 81]. As discussed above, UPD and BPD are
associated with hormones that increase bone resorption (i.e., cortisol); affective disorders are
also associated with hormonal states and clinical conditions that potentiate bone formation
(i.e., hyperinsulemia and type 2 diabetes, discussed below). However, only nine studies have
directly examined the effect of depressive symptoms on markers of bone metabolism, with
mixed results (Table 2). The findings regarding osteocalcin are contradictory [25, 47, 82,
83], and several investigations reported no difference in serum markers of bone turnover
comparing depression cases to controls [21, 22, 26, 84]. Many additional studies have
examined the relationship between UPD or BPD and neuroendocrine hormones that
influence bone metabolism but are not indicators of bone turnover or calcium metabolism
directly (i.e., prolactin, estrogen, cortisol, testosterone, IL-6, and leptin) [41, 82, 83, 85]. The
primary limitations of existing studies of affective disorders and markers of bone turnover
pertain to small sample sizes and the complete absence of studies in men. Finally, reflecting
the dearth of investigations concerning the relationship between BPD and BMD, currently
no studies have examined the influence of BPD or manic symptoms on markers of bone
metabolism in a comparative manner.
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Health Behaviors
Unipolar depression is associated with poor health behaviors, including smoking, decreased
physical activity, and alcohol abuse, which are all associated with an increased risk for
osteoporosis and fracture. The alternating manic and depressive symptoms that characterize
BPD lead to sedentary behaviors, poor dietary intake (including calcium intake), increased
alcohol intake, and nonadherence with medical regimens, which all negatively influence
bone health [16]. These behaviors may have direct (i.e., physical activity, particularly
resistance training, and directly potentiates bone formation) or indirect (via cascading
physiologic changes) on bone strength.

Alcohol Use
Depression and BPD are associated with increased alcohol use and risk of alcohol
dependence [86]. Chronic alcohol use is associated with low BMD via inhibition of
osteoblast proliferation and function as well as decoupling the resorption/formation cycle of
bone turnover [87, 88]. Chronic alcohol abuse is associated with elevated fracture risk [87],
although evidence indicates that this risk is stronger for trauma-related rather than
osteoporotic fractures [89]. However, the influence of moderate alcohol use on bone
turnover is unresolved [87, 90], and there is suggestive evidence that the effect is sex-
dependent, with moderate use being beneficial to BMD for women [91, 92].

Smoking
Bipolar disorder and depressive symptoms are associated with higher rates of smoking [93]
and nicotine dependence [94]. Smoking is associated with lower BMD indirectly by
interfering with estrogen activity and inhibiting calcium absorption by the intestines [95].
Smoking initiation usually begins before the second decade of life when peak bone mass is
being reached [96]. There is evidence that the effects of smoking on bone mass are
reversible, and smoking cessation has been associated with increases in BMD among post-
menopausal women [97].

Weight Gain and Sedentary Lifestyle
Body weight is positively associated with BMD [98] and is thought to preserve bone mass
by two mechanisms: (1) synthesis of estrogen in adipose cells [99], which in turn promotes
bone formation [74], and (2) through providing physical resistance to skeletal movement,
which stimulates osteoblast and osteoclast activity in vitro [100]. Studies have reported
conflicting associations between UPD and BPD and overall obesity as indicated by body
mass index [101], although there is relatively consistent evidence regarding the positive
association between depressive symptoms and centralized obesity as measured by waist–
hip-ratio [102]. The degree of adiposity is an important factor in the relation between
affective disorders and BMD for two reasons: (1) abdominal obesity has been shown to be
associated with higher urinary free cortisol [61, 62], a heightened cortisol response
toCRHand adrenocorticotropin releasing hormone [61], and an abnormal response to the
dexamethasone suppression test at doses below 1 mg, [62] and (2) obesity is associated with
heightened levels of inflammatory markers and steroid hormones which influence bone
metabolism, as discussed above [43]. Also, adipose tissue is a site of peripheral
aromatization of estrone [103], and estrogens are a primary regulator of bone formation
[104]. Thus, while higher BMI may be protective of BMD loss with age, centralized obesity
may be detrimental to bone mass because it is symptomatic of HPA and SNS
hyperactivation, which inhibits bone formation and promotes bone.

Depression and depressive episodes in BPD are associated with fatigue and physical
inactivity [105, 106], and recent evidence suggests the relationship between depressive
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symptoms and physical activity is bidirectional, at least among young adults [107]. Physical
activity, particularly resistance training, is associated with increased bone turnover and
reduced fracture risk [108, 109]. Studies have demonstrated that even brief (12 weeks)
periods of bed rest can produce alterations in markers of bone turnover consistent with
increased bone resorption and BMD loss [110].

Confounding Influences
A confounder is a factor that is associated with the primary exposure of interest (e.g.,
affective disorders), is causally related to the outcome of interest (e.g., BMD or bone
turnover), but is not a mediator in the exposure–outcome relationship. Failure to account for
confounders can lead to spurious exposure–outcome relationships. Two key potential
confounders that should be accounted for when studying the relationship between affective
disorders and osteoporosis are psychotropic medications and comorbid medical conditions.

Psychotropic Medications
The relationship between psychotropic medications and BMD is complex and varies by
pharmacologic class, each of which may impact bone metabolism in differing ways. The
medications most commonly used to treat BPD are mood stabilizers (i.e., lithium carbonate),
neuroleptics (i.e., haloperidol, clozapine), anticonvulsants (i.e., valproic acid,
carbamazepine), and antidepressants (i.e., selective serotonin reuptake inhibitors, SSRIs)
[111]. Recent evidence suggests that antidepressants, particularly SSRIs, may be associated
with low BMD [29, 112–115], and there is consistent evidence that antidepressant use is
associated with elevated risk of fracture [34, 35]. Anticonvulsant medications (used to treat
epilepsy, but often used as a mood-stabilizer in BPD) interfere with metabolism of 25-
hydroxy vitamin D and absorption of calcium from the intestines [116], and duration of use
of these medications has been consistently associated with degree of BMD loss [117, 118].
Neuroleptic (also called antipsychotic) medications are often used to treat schizophrenia and
other psychotic disorders, and their use is also common among patients with BPD.
Conventional neuroleptic medications increase prolactin levels by interfering with the
inhibitory functions of dopamine on the pituitary [118]. Elevated levels of prolactin are
associated with hypogonadism and BMD loss [119]. Atypical neuroleptics appear to have
less impact on prolactin metabolism, but have well-documented effects on weight gain and
risk of glucose intolerance and type 2 diabetes [120]. Type 2 diabetes is associated with
alterations in BMD and elevated fracture risk [121]. Mood-stabilizers such as lithium are
associated with elevated parathyroid hormone (PTH) [73, 118]. Parathyroid hormone
regulates the concentration of calcium in serum by influencing absorption of calcium from
the intestines and bone turnover. Hyperparathyroidism with resultant hypercalcemia is
associated with reduced BMD [73], although there is no consistent evidence that lithium use
is associated with elevated bone turnover or BMD loss in BPD [35, 39, 122]. In sum,
patients with affective disorders are often prescribed multiple medications to treat their
psychiatric symptoms, and while these medications can improve functioning they have
potential adverse iatrogenic effects on BMD. It is not uncommon for older UPD and BPD
patients to have been taking psychotropic medications for many years [123], and the effect
of such long-term use on bone histology, mass, and turnover is unknown.

It is important to emphasize that many factors, including pre-existing medical conditions,
polypharmacy, and underlying frailty, likely moderate the relationship between psychotropic
medication use and BMD. Subsequently, groups which have a higher burden of these factors
(i.e., older residents in nursing homes and long-term care facilities) may be particularly
prone to adverse effects of these medications [124].
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Comorbid Medical Conditions and Associated Medications
Depressive symptoms commonly co-occur with medical conditions that influence bone
strength, including type 2 diabetes and cardiovascular disease [125]. Both UPD and BPD are
associated with the metabolic syndrome, a clustering of cardiovascular risk factors including
adiposity, hyperlipidemia, hyperglycemia, hypercholesterolemia, and hypertension [60, 61].
The relationship between type 2 diabetes, BMD and fracture risk is complex, but this
condition appears to elevate fracture risk despite being associated with normal or near-
normal BMD [121, 126]. Finally, many medications used to treat cardiometabolic
conditions, such as loop diuretics for hypertension and thiazolidinediones for diabetes, are
associated with low BMD [127, 128].

Conclusion
The risk profile for developing osteoporosis has two peaks over the life course: (1) young
adulthood, when there is a failure to reach peak bone mass; and (2) later adulthood, when
bone mass is reabsorbed into the body at an accelerated rate due to the effects of aging and
menopause [104]. Early or mid-life UPD or BPD episodes may exert influence on bone
metabolism in one or both of these periods and subsequently heighten the risk for low BMD
in later adulthood. Unipolar depression and BPD are associated with both physiological
alterations and health behaviors that are known to influence bone turnover and mass. There
is also suggestive evidence that many pharmacologic agents used to treat these conditions
are associated with physiologic changes that may inhibit bone formation and/or promote
bone loss. Many cardiometabolic conditions that are more common among BPD and UPD
patients also influence BMD. Providers should be aware that patients receiving therapy for
these psychiatric conditions should be monitored for BMD changes, and preventive actions
(such as encouraging vitamin D and calcium supplementation and regular physical activity)
should be integrated into treatment plans and guidelines [129] in order to protect against the
increased potential for fracture.
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Fig. 1.
Difference in mean BMD in comparative samples of unipolar depression by DEXA
measurement site. Values <0 indicate that the unipolar depression group had lower mean
BMD values relative to the comparison group for each study. Note: Kavuncu et al. [84] and
Altindag et al. [83] also reported mean DEXA BMD values. Kavuncu et al. [84] found no
association between UPD and BMD, and Altindag et al. [83] reported significantly lower
BMD among depressed cases relative to controls [83]. However, the BMD units reported
from these studies were not comparable with the other reports and thus those values are not
plotted in the figure
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