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Abstract
Summary In this prospective cohort study, depressive symp-
toms were associated with higher rates of bone loss in older
men. Poorer performance on physical function tests partly
explained the association between depressive symptoms and
bone loss, suggesting that efforts to increase exercise and
improve physical performance in depressed men may be
beneficial.
Introduction The aim of this study was to ascertain whether
depressive symptoms are associated with increased rates of
bone loss at the hip in older men.
Methods A population-based prospective cohort study of
2,464 community-dwelling men, aged 68 and older, enrolled

in the Osteoporosis in Men Sleep Ancillary Study had depres-
sive symptoms assessed by the Geriatric Depression Scale
(GDS). Subjects were categorized as depressed if GDS ≥6 at
the initial examination. Bone mineral density (BMD) at the
hip was measured using dual-energy X-ray absorptiometry at
the initial and follow-up examination (average 3.4 years be-
tween exams). Use of antidepressant medications was
assessed by interview and verified frommedication containers
at the two examinations. A computerized dictionary was used
to categorize type of medication.
Results In a base model adjusted for age, race/ethnicity, and
clinic site, the mean total hip BMD decreased 0.70 %/year in
136 men with a GDS score of ≥6 compared to 0.39 %/year
in 2,328 men with a GDS score of <6 (p00.001). Walking
speed and timed chair stand partly explained the association
between depressive symptoms and rates of bone loss.
Conclusion Depression, as defined by a score of 6 or greater
on the Geriatric Depression Scale, is associated with an
increased rate of bone loss at the hip in this cohort of older
men. Adjustment for walking speed and timed chair stand
attenuated the strength of the association, suggesting that
differences in physical functioning do partially explain the
observed association.

Keywords Bone mineral density . Depression . Elderly
men . Osteoporosis . Physical function

Introduction

Although much research has examined the risk factors for
osteoporosis in women, less is known about the risk factors
for osteoporosis in men. In women, depression has been
implicated as a risk factor for fractures [1–3], bone loss [4],
and osteoporosis, although results have not always been
consistent [5–8]. Little data regarding the relationships
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between depression, fractures, and bone loss in men have
been available, although one recent cohort study [9] has
reported an association between depressed mood and higher
risk of fracture in men. The mechanisms underlying an
association between depression and bone outcomes are not
well understood but may include direct effects of depression
on bone metabolism; indirect effects due to decreased
physical activity, weight changes, and comorbid conditions
associated with depression; and effects of medications used
to treat depressive symptoms.

To determine whether depressive symptoms among older
men are associated with increased rates of bone loss, we
assessed depressive symptoms using the Geriatric Depression
Scale and performed hip bone mineral density (BMD) measure-
ments at two examinations (average 3.4 years between exami-
nations) in a cohort of 2,464 men aged 68 years and older
enrolled in the Osteoporosis in Men Sleep Study.

Methods

Participants

FromMarch 2000 through April 2002, 5,994 menwho were at
least 65 years of age were recruited for participation in the
baseline examination of the prospectiveOsteoporotic Fractures
in Men (MrOS) study. Men were recruited from population-
based listings in six regions of the USA: Birmingham, AL;
Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland,
OR; and San Diego, CA. Men with a history of bilateral hip
replacement and men who were unable to walk without the
assistance of another person were excluded [10, 11].

From December 2003 through March 2005, MrOS par-
ticipants were invited to participate in an ancillary study to
identify outcomes of sleep disorders in older men (MrOS
sleep study). Of the 5,994 men enrolled in the overall study,
3,135 (52 %, >100 % of goal) completed the MrOS sleep
examination. Of these, 2,464 (78.6 %) men had measure-
ments of BMD at the sleep exam, completed the Geriatric
Depression Scale (GDS) at the sleep exam, and had a
follow-up BMD measurement at a follow-up exam (average
3.4 years later); these 2,464 men comprised the cohort for
this analysis. Because depressive symptoms were assessed
with a single question on the 12-item short form survey at
the baseline MrOS visit, the original MrOS cohort was not
utilized for this analysis. The institutional review board at
each center approved the study protocol and written in-
formed consent was obtained from all subjects.

Depressive symptoms

Depressive symptoms were evaluated at the sleep examina-
tion using the 15-item Geriatric Depression Scale short form

(GDS) [12], a self-report scale consisting of 15 yes/no
questions regarding symptoms of depression experienced
in the previous week. A standard cutoff of ≥6 symptoms
was used to define evidence of depression; the cutoff point
of 6 or more symptoms has a sensitivity of 88 % and a
specificity of 62 % compared with a structured clinical
interview for depression [13].

Measurement of BMD

BMD at the total hip and two subregions (femoral neck and
trochanter) was measured at the sleep and follow-up exami-
nations (mean [SD], 3.4 [0.5] years between examinations)
using dual-energy X-ray absorptiometry (DXA) with
Hologic QDR-4500 W scanners (Hologic, Inc., Bedford,
MA). Repeat measurements were performed on the same
instruments used for the initial measurements. A central
quality control laboratory, certification of DXA technicians,
and standardized procedures for scanning were imple-
mented to insure reproducibility of DXA measurements. At
baseline, a hip phantom was circulated and scanned at the six
clinical centers. Cross-calibration studies indicated no linear
differences across scanners and the inter-scanner CV was
0.9%. Each clinic scanned a hip phantom throughout the study
to monitor longitudinal changes, and correction factors were
applied to participant data as appropriate. In addition, multi-
variablemodels included an indicator variable for the individual
center to adjust for interclinic differences. The rate of change in
hip BMD was expressed as an annualized percentage of the
initial value as percentage change in BMD per year.

Antidepressant medication use

Participants attending the clinic examinations were asked to
bring all current (any use within the last 2 weeks) prescrip-
tion and nonprescription medications with them to clinic.
Interviewers completed a medication history for each par-
ticipant, including name of medication and frequency of
use. All prescription medications recorded by the clinics
were stored in an electronic medications inventory database
(San Francisco Coordinating Center, San Francisco, CA).
Each medication was matched to its ingredient(s) based on
the Iowa Drug Information Service drug vocabulary (College
of Pharmacy, University of Iowa, Iowa City, IA) [14]. Subse-
quently, a physician (SJD) blinded to the outcome status
reviewed the computerized drug data for antidepressant med-
ication use and verified classification of medications as anti-
depressant medications.

Other measurements

The participants completed a questionnaire and were inter-
viewed at each examination by trained staff, who asked
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about race/ethnicity, health status, smoking status, and alco-
hol use. Physical activity was assessed using the Physical
Activity Scale for the Elderly (PASE) [15]. To assess func-
tion, men were asked whether they had difficulty
performing any of five independent activities of daily living
[16–18]. A composite functional impairment score
expressed the total number of activities ranging from 0 to
5 that a participant reported difficulty performing. Cognitive
function was assessed with the Teng Modified Mini-Mental
State Examination (maximum score 100) [19]. Body weight
was measured by using a balance beam scale at all sites,
except at one site (Portland) which used a digital scale.
Height was measured by using a wall-mounted Harpenden
stadiometer (Holtain, UK) [20]. Body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters. Change in weight over the study period
was calculated by subtracting the weight at the sleep visit
from the weight at the follow-up visit. Physical performance
measures included chair stand time and walk speed. For the
chair stand, the participants were asked to stand from a chair
without using their arms; the time required to complete five
chair stands without using arms was recorded [21]. For the
narrow walk speed, the time (in seconds) to complete a 6-m
course was recorded. Current use of bisphosphonates, thia-
zides, oral corticosteroids, vitamin D supplements, and cal-
cium supplements was determined using the method
described for ascertainment of antidepressant use. The num-
ber of selected comorbid conditions reported by the partic-
ipants (stroke, diabetes mellitus, Parkinson’s disease,
chronic obstructive pulmonary disease, myocardial infarc-
tion, angina, and congestive heart failure) was calculated for
each participant.

Statistical analysis

X2 tests for categorical variables, Fisher’s exact tests for
categorical data with low expected cell counts, t tests for
normally distributed continuous data, and Wilcoxon rank
sum tests for skewed continuous data were used to compare
characteristics at the sleep examination by category of GDS
score (GDS <6 vs. GDS ≥6). For the primary analysis
examining the association between category of GDS score
and rate of change in BMD at the hip, the annualized mean
percentage change in BMD and its 95 % confidence interval
were calculated for the two categories of GDS (<6 vs. ≥6)
score using the least-square-means procedure. To investi-
gate mechanisms by which depressive symptoms might be
associated with bone loss, we constructed a multivariable base
model that included age, race, and clinic site, and then added
potential confounders one at a time to determine their impact
on the associations between depressive symptoms and bone
loss: We hypothesized that the association between depressive
symptoms and bone loss would be reduced after adjusting for

these factors if they were in the causal pathway. A reduction of
10 % in the mean annualized percent change in BMD was
considered as support for the hypothesis of mediation. Candi-
date covariates included known risk factors for bone loss in
our cohort and characteristics related to category of GDS score
at p<0.1 independent of age.

In addition, we used a backward stepwise elimination
procedure, with p≤0.1 as a cutoff level for retention of
covariates in the adjusted model. Candidate covariates were
the same as above and included self-reported health status,
number of instrumental activities of daily living (IADL)
impairments, timed chair stand, history of falls in the previ-
ous year, PASE score, MMSE score, smoking status, alcohol
use, calcium supplement use, vitamin D supplement use,
BMI, oral steroid use, antidepressant use, and number of
comorbidities.

To explore whether greater number of depressive symptoms
are associated with higher rates of bone loss, we used linear
regression techniques to examine the association between
number of depressive symptoms on the GDS score as a
continuous predictor and change in BMD. We also performed
analyses in which we compared the rate of change in BMD for
subjects in three categories of GDS score: those who endorsed
0–2 depressive symptoms on the GDS, those who endorsed
2–5 symptoms, and those who endorsed ≥6 symptoms.

Additional secondary analyses examining the association
between GDS score and rate of change in BMD were per-
formed with substitution of annualized absolute change in
BMD (grams per square centimeter) for annualized percent-
age rate of change in BMD as our outcome measure. As the
findings from these secondary analyses were similar to those
of our primary analyses, we have presented the primary
results. All analyses were performed using SAS software
(Version 9.1, SAS Institute Inc., Cary, NC).

Results

Characteristics of the study population

The cohort included 2,464 men, of whom 136 (5.5 %)
scored ≥6 on the GDS. Of the men, 2,222 (90.2 %) were
Caucasian. Baseline characteristics of the 2,464 men at the
sleep visit according to the category of GDS score appear in
Table 1. Men with a GDS score of ≥6 compared with men
with a GDS score of <6 were older (p00.03), were more
likely to report poor health status (p<0.001), had more
impairment of IADLs (p<0.001), and were more likely to
smoke (p<0.01). They also had evidence of poorer physical
functioning: they had slower walking speeds and were more
likely to take longer to rise from a chair (p<0.001).

Of the 3,135 men who attended the sleep visit, 671 were
not included in this analysis due to missing BMD data or
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GDS scores. In general, the excluded men were more likely
to report poor or fair health, have difficulty with IADLs and
more comorbid medical conditions, and have poorer lower
extremity function (results not shown).

Depression and rate of hip bone loss

The mean rates of bone loss at the total hip in men without
vs. those with depression (GDS score <6 vs. ≥6) are shown
in Table 2. On average, men with a GDS score ≥6 experi-
enced a higher age-adjusted annualized percentage loss of
bone density at the total hip than men with a GDS <6 (−0.69

vs. −0.39 %/year; p00.002). The effect of adjustment for
possible mediators on the annualized percentage change
in bone density is displayed in Table 3. In a base model
of age, race, and clinic sites, results were similar to the
age only-adjusted models. The addition of individual
covariates did not significantly change the strength of
the association between depressive symptoms and rate
of bone loss, with the exception of timed chair stands
and walking speed, each of which had a modest effect
as manifested by a 10 % reduction in the difference in
rate of change in BMD between men with and without
depression.

Table 1 Baseline characteristics by category of GDS score

Characteristic Overall GDS <6 GDS ≥6 p value
(n02,464) (n02,328) (n0136)

Age, years, mean (SD) 75.7 (5.2) 75.7 (5.1) 76.7 (5.8) 0.03

Race, n (%) 0.08

White 2,222 (90.2) 2,106 (90.5) 116 (85.3)

Black 89 (3.6) 79 (3.4) 10 (7.4)

Asian 78 (3.2) 74 (3.2) 4 (2.9)

Hispanic/Other 75 (3.0) 69 (3.0) 6 (4.4)

BMI, kg/m2, mean (SD) 27.2 (3.7) 27.1 (3.7) 27.5 (4.2) 0.38

Weight change from sleep visit to follow-up visit, kg, mean (SD) −1.15 (4.45) −1.12 (4.38) −1.66 (5.58) 0.27

Hip BMD, mean (SD) 0.96 (0.14) 0.96 (0.14) 0.93 (0.16) 0.05

Self-reported health, n (%) <0.001

Excellent/good 2,174 (88.3) 2,097 (90.1) 77 (56.6)

Fair/poor/very poor 289 (11.8) 230 (9.9) 59 (43.4)

No. of IADLs, range 0–5, mean (SD) 0.27 (0.69) 0.23 (0.63) 0.89 (1.18) <0.001

5 chair stand, s, mean (SD) 11.4 (3.4) 11.4 (3.3) 12.9 (4.3) <0.001

Walking speed, (m/s), mean (SD) 1.17 (0.22) 1.18 (0.21) 1.01 (0.25) <0.001

Falls within previous 12 months, n (%) 700 (28.4) 634 (27.2) 66 (48.6) <0.001

Current smoker, n (%) 53 (2.2) 45 (1.9) 8 (5.9) 0.01

Calcium use, n (%) 798 (32.4) 761 (32.7) 37 (27.4) 0.20

MMSE, range 0–100, mean (SD) 93.5 (5.1) 93.6 (4.9) 91.4 (7.4) 0.001

≥1 comorbidities, n (%) 942 (38.2) 864 (37.1) 78 (57.4) <0.001

Alcohol use (drinks/week)

0–2 1,424 (58.1) 1,328 (57.3) 96 (70.6) 0.008

2–13 886 (36.1) 850 (36.7) 36 (26.5)

14+ 142 (5.8) 138 (6.0) 4 (2.9)

Thiazide use, n (%) 459 (18.6) 433 (18.6) 26 (19.3) 0.85

Vitamin D use, n (%) 1,567 (63.6) 1,495 (64.2) 72 (53.3) 0.01

Bisphosphonate use, n (%) 110 (4.5) 102 (4.4) 8 (5.9) 0.40

Antidepressant use, n (%) 170 (6.9) 137 (5.9) 33 (24.4) <0.001

Oral corticosteroid use, n (%) 35 (1.4) 30 (1.3) 5 (3.7) 0.04

PASE score, mean (SD) 151.2 (70.4) 153.2 (70.3) 116.5 (64.0) <0.001

p values for continuous variables are from t test, except for IADL and m-MMSE which are from Wilcoxon rank sum tests due to skewness; p values
for categorical data are from chi-squared tests, except oral corticosteroid use, smoking status and race which are from Fisher’s exact test due to
small expected cell counts

BMI body mass index, BMD bone mineral density, IADLs instrumental activities of daily living, MMSE mini mental state exam, PASE physical
activity scale for the elderly
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Using the backwards elimination procedure, the follow-
ing covariates were retained in the final model: number of
impairments in IADLs, walking speed, smoking status, calci-
um supplement use, history of falls in previous year, and
presence of comorbidities. Results were attenuated in this
model: men with a GDS score ≥6 experienced an average
0.56 %/year loss of bone density compared to 0.40 % loss for
men with GDS <6 (p00.10) (Table 3).

Results were similar at the femoral neck and trochanter,
with significantly higher rates of bone loss in the base model
for men with a GDS ≥6 compared to men with a GDS score
of <6. At the femoral neck, inclusion of walking speed and
chair stands in the model each modestly affected the
strength of the association between depressive symptoms
and rates of bone loss, similar to the findings at the total hip
(results not shown). At the trochanter, walking speed was
the only covariate that significantly affected the results
(results not shown). In the final multivariable models using

the backwards elimination procedure, mean rate of bone loss
was higher for men with GDS ≥6 at the femoral neck (0.57
vs. 0.45 %; p00.37) and trochanter (0.48 vs. 0.34 %;
p00.26), but associations were attenuated and no longer
reached significance.

Number of depressive symptoms and rates of bone loss

In a secondary analysis examining the number of depressive
symptoms and rates of bone loss, there was evidence of a
graded association between number of depression symp-
toms and higher rate of bone loss at the total hip, femoral
neck, and trochanter in age-adjusted models. Subjects with
GDS scores of 0–2 had lower average rates of bone loss than
those with scores of 3–5, who in turn had lower average
rates of bone loss that those with scores of ≥6 (Fig. 1a). In
multivariable models, this trend persisted at the total hip but
was attenuated at the femoral neck and trochanter (Fig. 1b).

Table 2 Mean age-adjusted annualized rate of bone loss at hip by category of GDS score (<6 vs. ≥6)

Category N Mean annualized percent change in bone mineral density (95 % CI)a

Total hip Femoral neck Trochanter

GDS<6 2,328 −0.39 (−0.43, −0.34) −0.45 (−0.50, −0.39) −0.34 (−0.39,−0.28)

GDS ≥6 136 −0.69 (−0.88, −0.51)* −0.72 (−0.96, −0.48)** −0.64 (−0.86, −0.43)*

* p≤0.01 (for comparison between subjects scoring <6 on GDS vs. subjects scoring ≥6); ** p<0.05
a Adjusted for age

Table 3 Annualized percentage
change in BMD according to
GDS category: effect of
adjustment for possible
mediators

aAdjusted for age, site, race,
IADL impairments, walking
speed, smoking, calcium use,
comorbidities, and history of
falls in previous 1 year

Mean annualized % change in total hip BMD (95 % CI)

GDS <6 GDS ≥6 p value

Base model (age, site, race) −0.39 (−0.43, −0.34) −0.70 (−0.88, −0.51) 0.001

Base+BMI −0.39 (−0.43, −0.34) −0.70 (−0.88, −0.51) 0.001

Base+hip BMD −0.39 (−0.43, −0.34) −0.70 (−0.88, −0.51) 0.001

Base model+self-reported health −0.39 (−0.43, −0.34) −0.66 (−0.85, −0.47) 0.01

Base+# of IADL impairments −0.39 (−0.43, −0.34) −0.64 (−0.83, −0.45) 0.01

Base+PASE −0.39 (−0.43, −0.34) −0.70 (−0.88, −0.51) 0.001

Base+chair stands −0.38 (−0.42, −0.33) −0.63 (−0.83, −0.43) 0.01

Base+walk speed −0.39 (−0.43, −0.35) −0.63 (−0.82, −0.45) 0.01

Base+history of falls -0.39 (-0.43, -0.34) -0.68 (-9.87, -0.49) 0.003

Base+MMSE −0.39 (−0.43, −0.34) −0.69 (−0.87, −0.50) 0.002

Base+smoking status −0.39 (−0.43, −0.34) −0.69 (−0.87, −0.50) 0.002

Base+calcium use −0.39 (−0.43, −0.34) −0.69 (−0.88, −0.51) 0.002

Base+comorbidities −0.39 (−0.43, −0.34) −0.68 (−0.86, −0.49) 0.003

Base+alcohol use −0.39 (−0.43, −0.34) −0.96 (−0.88, −0.51) 0.001

Base+vitamin D use −0.39 (−0.43, −0.34) −0.69 (−0.88, −0.51) 0.002

Base+antidepressant use −0.38 (−0.43, −0.34) −0.70 (−0.88, −0.51) 0.002

Base+oral corticosteroid use −0.39 (−0.43, −0.34) −0.71 (−0.89, −0.52) 0.001

Multivariate modela −0.40 (−0.44, −0.35) −0.56 (−0.75, −0.37) 0.10
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In linear regression models, for every 1 standard deviation
increase in the GDS score (2.0) the average rate of loss of
BMD at the total hip increased 0.09 % (p<0.001) in the base
model. In the multivariable model, the average rate of loss at
BMD at the total hip increased 0.052 % (p00.028) for every
1 standard deviation increase in the GDS.

Discussion

Evidence of depression, based on the number of depressive
symptoms (GDS of ≥6), was associated with an approximate
1.8-fold increase in the annualized rate of bone loss at the
total hip, femoral neck, and trochanter, in this cohort of

older men, due in part to poorer neuromuscular functioning
among those men with depression. Our findings are consis-
tent with some previous cross-sectional studies that have
reported lower BMD in subjects with depression compared
to subjects without depression [6, 22–26]. However, other
cross-sectional studies [5, 7, 27] have not observed lower
BMD in subjects with depression. Due to their limitations,
cross-sectional studies may tend to over- or underestimate
any association between depressive symptoms and bone
density.

Little prospective data regarding rate of change in BMD
in depressed subjects have been available, particularly in
men. Previous studies including men are limited by small
sample sizes and inadequate consideration of potential
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b multivariate adjusted.
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confounding factors. Whooley et al. [27] did not observe
any association between depressive symptoms, baseline
BMD, or rate of subsequent bone loss in a cohort of men
aged 50 and older. However, that study had only four men
with GDS ≥6 who had follow-up BMD, limiting the inter-
pretation of the results. Using single-energy quantitative
computerized tomography, Schweiger et al. measured
change in lumbar spine BMD over a 24-month period in
18 depressed subjects and 21 healthy subjects, 40 years of
age and older [28]. Controlling for age, gender, and initial
BMD, subjects with major depression in that study had
increased bone loss over the 2-year period. More data are
available from studies limited to women. In a cohort of older
women, we have previously reported an association
between GDS scores ≥6 and rates of bone loss, an associa-
tion that persisted after controlling for multiple potential
confounding factors [4]. Milliken et al. found that higher
scores on the Beck Depression Inventory were significantly
associated with greater loss of BMD over 1 year at the
femoral neck, but not the trochanter, in a cohort of 264
women aged 40–65 [29]. However, Spangler et al. did not
observe an association between depressive symptoms and
change in BMD over 3 years in the observational cohort of
the Women’s Health Initiative [7].

Previous work has suggested that depression is associat-
ed with an increased risk of fractures in this cohort [9], as
well as in others [1, 2, 30], although results have not always
been consistent [7, 8]. The mechanism of an association
between depression and fractures is unclear, but our finding
of increased rates of bone loss among depressed subjects
suggests that this may be a factor.

There are many potential explanations for a possible
association between depressive symptoms and rates of
change of BMD. Depression is associated with decreased
physical activity, increased rates of smoking, weight loss,
poorer health status, and medical comorbidities, all of which
may predispose to increased rates of bone loss [31–34].
When individual covariates were examined, walking speed
and time to rise from a chair without using arms did atten-
uate the difference observed in rates of bone loss between
depressed and non-depressed men, suggesting that poorer
neuromuscular functioning in depressed men may in part
explain the observed association. No other covariates exam-
ined substantially impacted the association between depres-
sive symptoms and rate of bone loss. In multivariable
models that included impairment of IADLs, walking speed,
smoking status, calcium use, history of previous falls, and
comorbidities, the association between depressive symp-
toms and rate of bone loss was attenuated and no longer
reached, possibly due to inadequate power.

Medications to treat depression have been postulated to
have an effect on bonemetabolism [35–37] and antidepressant
use was more prevalent among men with GDS ≥6. In models

controlling for age, depressive symptoms, and antidepressant
use, depressive symptoms remained significantly associated
with rates of bone loss, suggesting that antidepressant use
alone does not explain the observed association.

Several potential mechanisms have been postulated
for a direct effect of depression on bone metabolism.
Elevated plasma cortisol levels have been observed in
depressed subjects and have been attributed to an im-
paired hypothalamic–pituitary–adrenal system in depres-
sion [38]; these elevations in plasma cortisol levels have
been postulated to lead to accelerated bone loss [23].
Upregulation of proinflammatory cytokines, such as Il-6
and TNF-alpha, appear to mediate resorption [39, 40]
and are upregulated in depression [41–43].

These findings suggest that depressed men may be at risk
for higher rates of bone loss, at least in part due to poorer
neuromuscular functioning. Future research might focus on
interventions to increase exercise in this population: struc-
tured physical activity has been shown to improve perfor-
mance on measures of physical function, including gait
speed and ability to rise from a chair [44, 45], and some
evidence suggests that exercise can improve the symptoms
of depression [46].
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