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Abstract

Objective: Both depression and use of antidepressants have been negatively associated with bone mineral density (BMD) but

mainly in studies among postmenopausal women. Therefore, the aim of this study was to investigate these relationships in men.

Methods: Between 2006 and 2011, 928 men (aged 24-98 years) from the Geelong Osteoporosis Study completed a comprehensive

questionnaire, clinical measurements and had BMD assessments at the forearm, spine, total hip and total body. Major depressive

disorder (MDD) was identified using a structured clinical interview (SCID-I/NP). The cross-sectional associations between BMD

and both MDD and antidepressant use were analyzed using multivariable linear regression. Results: Of the study population, 84

(9.1%) men had a single MDD episode, 50 (5.4%) had recurrent episodes and 65 (7.0%) were using antidepressants at the time

of assessment. Following adjustments, recurrent MDD was associated with lower BMD at the forearm and total body (-6.5%,

P=0.033 and -2.5%, P=0.033, respectively compared to men with no history of MDD), while single MDD episodes were associated

with higher BMD at the total hip (+3.4%, P=0.030). Antidepressant use was associated with lower BMD only in lower-weight

men (<75-110 kg depending on bone site). Conclusions: Both depression and use of antidepressants should be taken into account

as possible risk factors for osteoporosis in men. 

Keywords: Antidepressants, Bone Mineral Density, Depression, Osteoporosis, Selective Serotonin Reuptake Inhibitor

Original Article Hylonome

JAP has received grant/research support from the NHMRC, Perpetual, Amgen (Europe) GmBH, BUPA Foundation and Arthritis Australia and

has received speaker fees from Amgen and Sanofi Aventis. MB has received grant/research support from the NIH, Cooperative Research Centre,

Simons Autism Foundation, Cancer Council of Victoria, Stanley Medical Research Foundation, MBF, Beyond Blue, Rotary Health, Geelong

Medical Research Foundation, Bristol Myers Squibb, Eli Lilly, Glaxo SmithKline, Meat and Livestock Board, Organon, Novartis, Mayne

Pharma, Servier and Woolworths, has been a speaker for Astra Zeneca, Bristol Myers Squibb, Eli Lilly, Glaxo SmithKline, Janssen Cilag, Lund-

beck, Merck, Pfizer, Sanofi Synthelabo, Servier, Solvay and Wyeth, and served as a consultant to Astra Zeneca, Bristol Myers Squibb, Eli Lilly,

Glaxo SmithKline, Janssen Cilag, Lundbeck Merck and Servier. LJW received grants from Eli Lilly, Pfizer, The University of Melbourne,

Deakin University and NHMRC. All other authors state that they have no conflicts of interest.

The funding providers played no role in the design or conduct of the study; collection, management, analysis, and interpretation of the data; or

in preparation, review, or approval of the manuscript.

Corresponding author: Dr Lana Williams, Deakin University, School of Medicine, IMPACT Strategic Research Centre, PO Box 281, Geelong 3220, Australia 

E-mail: lanaw@barwonhealth.org.au

Edited by: F. Rauch

Accepted 6 April 2015



P.H. Rauma et al.: Depression, antidepressants and bone

178

Introduction

Osteoporosis, a disease characterized by low bone mineral

density (BMD) (i.e. <-2.5 standard deviation (SD) from the

young adult mean), is a common skeletal disorder with over

75 million people suffering worldwide1. It is a silent disorder,

expressed mainly in later life, as evidenced by fragility frac-

tures. In people aged 50 years or older, osteoporosis is one of

the major health disorders: approximately 7% of men and 22%

of women are affected in Europe1 and similarly, 6% of men

and 23% of women in Australia2. In the year 2010, approxi-

mately 3.5 million osteoporotic fractures occurred in Europe,

of which 0.6 million were hip fractures1. Hip fracture is the

most serious outcome often requiring long-term hospitaliza-

tion3. It can be also a risk factor for poorer health and increased

mortality4-6. Though women are at an higher risk of osteoporo-

sis and fractures than men, men suffer more serious outcomes,

with a 2-fold higher mortality risk after fracture4,6.

Risk factors for low BMD and subsequent fracture include

low body mass, previous fracture, female sex and menopause,

low calcium and vitamin D intake, smoking, high alcohol con-

sumption, physical inactivity and use of certain medicines such

as glucocorticoids, some psychotropics (e.g. antipsychotics)

and paracetamol7-9. In addition to lifestyle and nutrition, a

number of diseases can promote low BMD. For example type

1 diabetes10, inflammatory bowel disease11 and schizophrenia12

have been linked with reduced BMD. A number of cross-sec-

tional studies have shown this to be true for depression also

regardless of gender. A 2.1%13 and 2.8%14 lower total hip BMD

has been seen among men with clinical depression compared

to those without. In addition to clinical depression, also milder

depressive symptoms, stress, anxiety and low well-being15-18

has been shown to affect bone negatively. Furthermore, the use

of antidepressants, in particular selective serotonin reuptake

inhibitors (SSRI), has also been associated with reduced

BMD19-21 although the mechanism of action is not clearly ev-

idenced. Reduction in bone mass may be attributed to disease

and medication related processes and/or modifiable lifestyle

factors associated with psychopathology22. 

In the present study, we investigated the relationship be-

tween depression, antidepressant use and BMD in a population

based sample of men. We also examined the role of potential

confounders in any observed associations.

Materials and methods

Study design and subjects

This cross-sectional study examined data collected from

men participating in the Geelong Osteoporosis Study (GOS),

a large, ongoing, population-based study located in south-east-

ern Australia23. During 2001-2006, 1,540 adult men were ran-

domly recruited from the electoral rolls for the Barwon

Statistical Division (response 67%) and 978 of them returned

for 5-year follow-up assessments between 2006 and 2011 (re-

sponse rate 81% of eligible men). Data were collected at one

center only, Barwon Health, Geelong. Utilizing data from the

5-year follow-up assessment, participants whose BMD data

was available were included to the analyses, resulting in a final

sample of 928 men, aged 24-98 years. The study was approved

by the Human Research Ethics Committee at Barwon Health

and all participants provided written, informed consent.

Clinical measurements

Areal BMD (g/cm2) was measured at the ultradistal forearm,

lumbar spine (posterior-anterior projection, L2-L4), total hip and

total body using dual-energy X-ray absorptiometry (DXA;

Prodigy Pro). Trained technicians carried out all examinations

and performed daily calibrations of the densitometers with equip-

ment-specific phantoms. At the time of DXA, height and weight

were measured to the nearest 0.1 cm and 0.1 kg, respectively.

Questionnaire data

Data on demographic, health, medication and lifestyle fac-

tors were obtained. Area-based socio-economic status (SES)

was ascertained using Socio-Economic Index For Areas

(SEIFA) index scores, based on the Australian Bureau of Sta-

tistics Census 2006 data. It was used to derive an Index of Rel-

ative Socio-economic Advantage and Disadvantage (IRSAD)

score accounting for income, and type of occupation. A low

score identifies the most disadvantaged (quintile 1) and a high

score the most advantaged (quintile 5). 

A lifetime history of MDD was assessed using the Struc-

tured Clinical Interview for Diagnostic and Statistical Manual

of Mental Disorders (Fourth Edition, Non-patient edition;

SCID-I/NP)24 by trained personnel. Participants were divided

into three groups: no history of MDD, a single episode or re-

current (≥2) episodes of MDD.

Medication use was classified as current if used at the time

of assessment and categorized into subgroups of antidepres-

sants (including SSRIs, tricyclic antidepressants (TCA) and

serotonin-norepinephrine reuptake inhibitors (SNRI)), oral

glucocorticoids, gonadal hormones, bisphosphonates, calcium

and vitamin D supplements. Habitual physical activity level

was classified as active if light or vigorous exercise was per-

formed; otherwise participants were classified as sedentary.

Dietary calcium intakes (mg/day) and alcohol consumption

were assessed using the validated Cancer Council food fre-

quency questionnaire (FFQ)25 which considered the partici-

pants usual eating habits over the previous 12 months. The

Abbreviations
BMD bone mineral density

GOS Geelong Osteoporosis Study

MDD major depressive disorder

SSRI selective serotonin reuptake inhibitor

TCA tricyclic antidepressants

SNRI serotonin-norepinephrine reuptake inhibitor
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latter was calculated as grams of pure alcohol intake per day

(g/day). Current smoking status (no/yes) was self-reported. 

Statistical analyses

Statistical analyses were performed using the SPSS statis-

tical package 19.0 for Windows (SPSS Inc., Chicago, IL,

USA). Differences between MDD status groups (no MDD his-

tory / single episode / recurrent episodes) were examined using

ANOVA for continuous variables and Chi-squared tests

(Fisher’s Exact Test) for categorical variables.

Univariate and multiple linear regression techniques were

used to determine the association between exposure (i.e. his-

tory of MDD episodes or use of antidepressants) and outcome

(i.e. BMD at the forearm, lumbar spine, total hip or total body).

Age, weight, height, smoking, activity level, calcium intake,

alcohol intake, socio-economic status, current use of bisphos-

phonates, corticosteroids, gonadal hormones, calcium or vita-

min D supplements were each explored as effect modifiers

with MDD episodes and antidepressant use regressed on BMD

at each site and included in the final model if significant

(p<0.05).

Results

Baseline characteristics

Of the 928 men included in the analyses, 794 (85.6%) had no

lifetime history of MDD, 84 (9.1%) had a single MDD episode

and 50 (5.4%) had recurrent episodes. Furthermore, 7.0%

(65/928) men were currently using antidepressants; 5.1%

(47/928) used SSRIs, 1.0% (9/928) TCAs and 1.0% (9/928)

SNRIs. Characteristics of the study population are shown in

Table 1. Differences were identified across the groups in regards

to age, height, BMD (forearm, total hip and total body), nutri-

tional calcium intake and use of antidepressant and calcium/vi-

tamin D supplements; otherwise the groups were similar.

Univariate and multivariable analyses

In the univariate models, men meeting criteria for a single

MDD episode had higher forearm, total hip and total body

Characteristics All No MDD Single MDD Recurrent MDD P valuea

n=928 n=794 n=84 n=50

Age (yr) 60.0 (46.3-73.2) 60.9 (47.6-75.1) 51.6 (43.3-64.1)* 55.4 (38.3-64.0)* <.001

Height (cm) 174.9 (7.2) 174.7 (7.3) 175.3 (6.9) 177.2 (6.4)* .050

Weight (kg) 84.3 (14.5) 83.9 (14.4) 86.6 (16.5) 87.3 (12.6) .087

BMD (g/cm2)

Forearm 0.419 (0.064) 0.418 (0.064) 0.435 (0.064)* 0.409 (0.056) .031

Lumbar spine 1.293 (0.198) 1.298 (0.201) 1.281 (0.191) 1.244 (0.166) .16

Total hip 1.066 (0.148) 1.062 (0.147) 1.108 (0.154)* 1.058 (0.148) .027

Total body 1.241 (0.110) 1.239 (0.110) 1.266 (0.115)* 1.230 (0.091) .088

Calcium intake (mg/day) 934 (366) 923 (354) 958 (441) 1080 (406)* .015

Alcohol intake (g/day) 12.0 (2.1-28.7) 11.8 (2.1-28.2) 15.1 (2.7-36.1) 17.7 (1.2-37.2) .20

Socio-economic status .66

Quintile 1 (lowest) 150 (16.2%) 129 (16.2%) 14 (16.7%) 7 (14.0%)

Quintile 2 186 (20.0%) 160 (20.2%) 16 (19.0%) 10 (20.0%)

Quintile 3 179 (19.3%) 160 (20.2%) 12 (14.3%) 7 (14.0%)

Quintile 4 203 (21.9%) 168 (21.2%) 19 (22.6%) 16 (32.0%)

Quintile 5 210 (22.6%) 177 (22.3%) 23 (27.4%) 10 (20.0%)

Smokers (current) 104 (11.3%) 86 (10.9%) 14 (16.9%) 4 (8.0%) .20

Physically active 660 (71.4%) 570 (72.2%) 58 (69.0%) 32 (64.0%) .41

Medication (current)

Antidepressants 65 (7.0%) 38 (4.8%) 13 (15.5%)* 14 (28.0%)* <.001

SSRI 47 (5.1%) 27 (3.4%) 11 (13.1%) 9 (18.0%) <.001

TCA 9 (1.0%) 7 (0.9%) 1 (1.2%) 1 (2.0%) .72

SNRI 9 (1.0%) 4 (0.5%) 1 (1.2%) 4 (8.0%) <.001

Bisphosphonates 15 (1.6%) 12 (1.5%) 1 (1.2%) 2 (4.0%) .38

Corticosteroids 10 (1.1%) 9 (1.1%) 1 (1.2%) 0 (0.0%) .75

Hormone therapy 3 (0.3%) 2 (0.3%) 0 (0.0%) 1 (2.0%) .093

Calcium/Vitamin D 125 (13.5%) 100 (12.6%) 13 (15.5%) 12 (24.0%)* .062

Abbreviations: BMD, bone mineral density; MDD, major depressive disorder; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI serotonin

reuptake inhibitor; TCA, tricyclic antidepressant. aBetween MDD status. *P-value<0.05 compared to men with no MDD (from Pearson chi-

square / Anova).

Table 1. Characteristics of the study population overall and according to MDD status. Values are given as median (interquartile range), mean

(standard deviation) or n (%).
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BMD (B=0.018, B=0.046 and B=0.027, respectively) com-

pared to men with no history of MDD (Table 2). There was a

non-significant trend for men meeting criteria for recurrent

MDD to have lower spine BMD (B=-0.053) compared to men

with no MDD history. 

After age- and weight-adjustments (multivariable model 1),

recurrent MDD was significantly associated with lower fore-

arm and total body BMD (B= -0.018 and B= -0.032, respec-

tively) and tended to be associated with spine and total hip

BMD (B= -0.050 and B= -0.031, respectively) (Table 2). 

Univariate models Multivariable model 1 Multivariable model 2 Final model

BMD/MDD status B 95% CI P value B 95% CI P value B 95% CI P value B 95% CI P value

Forearm 

(Constant) 0.418 0.413, 0.422 <.001 0.352 0.323, 0.380 <.001 0.360 0.331, 0.390 <.001 0.475 0.362, 0.587 <.001

Single MDD 0.018 0.003, 0.032 .016 0.009 -0.004, 0.022 .19 0.010 -0.003, 0.024 .15 0.011 -0.003, 0.024 .11

Recurrent MDD -0.009 -0.027, 0.010 .36 -0.018 -0.035, -0.001 .038 -0.019 -0.036, -0.001 .037 -0.020 -0.038, -0.002 .033

Lumbar spine 

(Constant) 1.298 1.284, 1.311 <.001 0.907 0.812, 1.002 <.001 0.929 0.831, 1.026 <.001 0.608 0.241, 0.974 .001

Single MDD -0.016 -0.062, 0.029 .48 -0.007 -0.051, 0.037 .75 -0.003 -0.047, 0.042 .91 0.005 -0.040, 0.049 .83

Recurrent MDD -0.053 -0.110, 0.004 .067 -0.050 -0.106, 0.005 .073 -0.046 -0.103, 0.011 .11 -0.047 -0.106, 0.012 .12

Total hip

(Constant) 1.062 1.051, 1.072 <.001 0.837 0.770, 0.904 <.001 0.865 0.797, 0.933 <.001 1.262 1.006, 1.517 <.001

Single MDD 0.046 0.012, 0.080 .008 0.029 -0.001, 0.060 .062 0.034 0.003, 0.065 .030 0.034 0.003, 0.064 .030

Recurrent MDD -0.004 -0.047, 0.039 .85 -0.031 -0.070, 0.007 .11 -0.028 -0.068, 0.011 .16 -0.029 -0.069, 0.012 .17

Total body

(Constant) 1.239 1.231, 1.247 <.001 0.985 0.940, 1.031 <.001 1.002 0.956, 1.048 <.001 0.945 0.769, 1.120 <.001

Single MDD 0.027 0.002, 0.052 .037 0.012 -0.009, 0.033 .27 0.014 -0.007, 0.035 .19 0.017 -0.004, 0.038 .12

Recurrent MDD -0.009 -0.040, 0.023 .59 -0.032 -0.059, -0.006 .017 -0.032 -0.059, -0.005 .020 -0.031 -0.059, -0.003 .033

Abbreviations: BMD, bone mineral density; MDD, major depressive disorder. Notes: Multivariable model 1 is adjusted for age and weight. Multivariable model 2 is adjusted

for age, weight and current use of antidepressant. Final model is adjusted for age, weight, height, nutritional calcium intake and current use of antidepressants, bisphospho-

nates and calcium or vitamin D supplements.

Table 2. Unadjusted and adjusted linear regression analyses between MDD status and forearm, spine, total body and total hip BMD (g/cm2).

Univariate models Multivariable model 1 Final model

BMD/factors B 95% CI P value B 95% CI P value B 95% CI P value

Forearm 

(Constant) 0.419 0.415, 0.424 <.001 0.360 0.331, 0.389 <.001 0.475 0.364, 0.587 <.001

Use of AD -0.009 -0.026, 0.007 .27 -0.131 -0.224, -0.037 .006 -0.141 -0.233, -0.049 .003

Weight 0.001 0.001, 0.002 <.001 0.001 0.001, 0.001 <.001 0.001 0.001, 0.002 <.001

AD*Weight - - - 0.001 0.000, 0.003 .010 0.002 0.001, 0.003 .003

Lumbar spine 

(Constant) 1.296 1.282, 1.309 <.001 0.924 0.827, 1.021 <.001 0.608 0.241, 0.974 .001

Use of AD -0.036 -0.086, 0.014 .16 -0.326 -0.622, -0.029 .032 -0.333 -0.627, -0.039 .027

Weight 0.003 0.002, 0.004 <.001 0.003 0.002, 0.004 <.001 0.002 0.001, 0.003 <.001

AD*Weight - - - 0.003 0.000, 0.007 .062 0.004 0.000, 0.007 .043

Total hip

(Constant) 1.068 1.058, 1.079 <.001 0.868 0.799, 0.936 <.001 1.262 1.006, 1.517 <.001

Use of AD -0.040 -0.077, -0.002 .039 -0.398 -0.603, -0.194 <.001 -0.414 -0.615, -0.213 <.001

Weight 0.004 0.004, 0.005 <.001 0.004 0.003, 0.004 <.001 0.004 0.003, 0.005 <.001

AD*Weight - - - 0.004 0.002, 0.007 .001 0.004 0.002, 0.007 <.001

Total body

(Constant) 1.242 1.235, 1.250 <.001 1.001 0.955, 1.048 <.001 0.945 0.769, 1.120 <.001

Use of AD -0.019 -0.047, 0.009 .18 -0.229 -0.371, -0.087 .002 -0.241 -0.382, -0.101 .001

Weight 0.004 0.004, 0.005 <.001 0.004 0.003, 0.004 <.001 0.004 0.003, 0.004 <.001

AD*Weight - - 0.002 0.001, 0.004 .004 0.003 0.001, 0.004 .001

Abbreviations: AD, antidepressants (current, no/yes); BMD, bone mineral density. Notes: Multivariable model 1 is adjusted for age and weight. Final

model is adjusted for age, weight, height, nutritional calcium intake, MDD status, current use of bisphosphonates and calcium or vitamin D supplements.

Table 3. Unadjusted and adjusted linear regression analyses between use of antidepressant and forearm, spine, total body and total hip BMD (g/cm2).
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Further adjustment for antidepressant use (multivariable model

2) is shown in Table 2. In the final model, recurrent MDD was

associated with lower forearm and total body BMD (B= -0.020

and B= -0.031, respectively) (Table 2), which corresponds to

6.5% lower forearm and 2.5% lower total body BMD than men

with no MDD history. Similarly, recurrent MDD tended to be

associated with lower spine BMD (B= -0.047, corresponding

-4.0%). A single MDD episode was associated with higher ad-

justed total hip BMD (B=0.034, corresponding +3.4%), but no

association was evident for the other sites (Table 2). These

models include both antidepressant use and the interaction

term between weight and antidepressant use. Still, MDD was

independently associated with BMD. There was no significant

interaction between antidepressant use and MDD on BMD.

In univariate models, antidepressant users had lower total

hip BMD (B= -0.040) than non-users (Table 3). Weight was

an effect modifier in the relationship between antidepressant

use and BMD (Table 3). In the final models, lower BMD was

associated with antidepressant use in those with lower body

weight (<75-110 kg depending on bone site) (Table 4).

Discussion

Recurrent MDD was associated with lower forearm and

total body BMD in the present study in men. In contrast, single

MDD was associated with higher BMD at the total hip. Fur-

thermore, use of antidepressants was associated with lower

BMD at all measured sites (i.e. forearm, lumbar spine, total

hip and total body) among men with low body weight only.

These associations were independent of age, anthropometry,

socio-economic status, medication and lifestyle factors (i.e.

calcium intake, alcohol use, smoking, physical activity).

Our study showed a 6.5% decrease in forearm BMD and

2.5% decrease in total body BMD in men with recurrent MDD

episodes. Literature shows that a change of 3-6% is required

for clinical significance26. The present study partly supports

Multivariable model 1 Final model

BMD (g/cm2) BMD (g/cm2)

BMD site Non-users Users diff %a Non-users Users diff %a

Forearm

60 kg 0.360 0.289 -19.7 0.266 0.245 -7.9

70 kg 0.370 0.309 -16.5 0.276 0.275 -0.4

80 kg 0.380 0.329 -13.4 0.286 0.305 6.6

90 kg 0.390 0.349 -10.5 0.296 0.335 13.2

100 kg 0.400 0.369 -7.7 0.306 0.365 19.3

110 kg 0.410 0.389 -5.1 0.316 0.395 25.0

Lumbar spine 

60 kg 0.985 0.839 -14.8 1.103 1.010 -8.4

70 kg 1.015 0.899 -11.4 1.123 1.070 -4.7

80 kg 1.045 0.959 -8.2 1.143 1.130 -1.1

90 kg 1.075 1.019 -5.2 1.163 1.190 2.3

100 kg 1.105 1.079 -2.4 1.183 1.250 5.7

110 kg 1.135 1.139 0.4 1.203 1.310 8.9

Total hip

60 kg 0.989 0.831 -16.0 0.948 0.774 -18.4

70 kg 1.029 0.911 -11.5 0.988 0.854 -13.6

80 kg 1.069 0.991 -7.3 1.028 0.934 -9.1

90 kg 1.109 1.071 -3.4 1.068 1.014 -5.1

100 kg 1.149 1.151 0.2 1.108 1.094 -1.3

110 kg 1.189 1.231 3.5 1.148 1.174 2.3

Total body

60 kg 1.181 1.072 -9.2 1.120 1.059 -5.4

70 kg 1.221 1.132 -7.3 1.160 1.129 -2.7

80 kg 1.261 1.192 -5.5 1.200 1.199 -0.1

90 kg 1.301 1.252 -3.8 1.240 1.269 2.3

100 kg 1.341 1.312 -2.2 1.280 1.339 4.6

110 kg 1.381 1.372 -0.7 1.320 1.409 6.7

Abbreviations: BMD, bone mineral density. Notes: Multivariable model 1 is adjusted for age and weight. Final model is adjusted for age, weight,

height, nutritional calcium intake, MDD status, current use of bisphosphonates and calcium or vitamin D supplements. * from linear regression;
a % difference when comparing the BMD of antidepressant users to non-users (calculated as follows BMDusers-BMDnon-users / BMDnon-users*100%).

Table 4. Adjusted calculated* results according to body weight for antidepressant users and non-users by BMD site (g/cm2).
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the previous results using data from the GOS showing lower

adjusted femoral neck and spine BMD in men with self-re-

ported depression compared to men with no reported history27.

However, in the current study, we were able to determine the

number of episodes of clinically diagnosed MDD and investi-

gate whether this affected the relationship of interest. In gen-

eral, both clinically diagnosed depression and depressive

symptoms have been associated with low BMD among men13-

15,28-30. Associations have been seen using total hip13,14, spine30

and forearm15 sites. In contrast to the present study, Wong et

al13 found no association with depression using total body

BMD, but akin to the present study, no association with spine

BMD was seen either. Charles et al31 also found no cross-sec-

tional association between BMD and depressive symptoms in

men. For most of these studies, the findings were independent

of antidepressant use13,15,28-30 or specifically SSRIs31, with the

exception of one study of young adults where antidepressant

users was not excluded nor antidepressant use statistically con-

trolled for14.

In most of the studies among females or both genders

pooled, SSRIs have appeared to be negatively associated with

BMD9,19,30,32 but not in all33. In contrast, TCAs have been

shown to have no effect32 or even a positive effect on bone9.

Among men, SSRIs have also been shown to negatively affect

bone at different sites in both male adolescents34 and in older

men21,35. Similarly, it has been shown that antidepressants have

a negative effect on bone in men with low weight36. Others

have shown no association between any antidepressants30 and

TCA21,35 use and bone. In our study, we pooled antidepressant

use due to power constraints and recognize that if different an-

tidepressant subgroups differentially affect bone, their effect

is likely to be diluted. However, in the present study majority

(72%) was taking SSRIs, thus, we can assume that possible

contradictory results from use of other antidepressants are

likely to be small.

The results of the present study support the hypothesis that

recurrent episodes of MDD and antidepressants independently

have a negative effect on BMD, although the effect of antide-

pressants was dependent on body weight. It is not clear why

single episode MDD in men was positively associated with

total hip BMD. It is possibly a spurious finding. However, we

do not know the duration or timing of the single episode of de-

pression in these men. It is possible that they may have already

had successful treatment for depression in the past without re-

currence or the episode may have been short in duration and of

mild severity. In addition, the group with no MDD episode may

also include participants with sub-threshold depression or pro-

longed stress without diagnosis and treatment37. Moreover, a

single-episode of depression may be qualitatively different,

being more psychological and related to an adjustment reaction

to stressors, as opposed to recurrent depression, which is likely

to be more biological and activate neuroprogressive pathways

such as inflammation, oxidative stress and apoptosis, which can

similarly predispose individuals to osteoporosis38-40.

Depression causes chronic stress, which stimulates cortisol

and catecholamine (e.g. noradrenaline) secretion resulting in

bone loss7,40. Increased levels of bone resorption markers41,42

and proinflammatory cytokines43,44 have also been found in as-

sociation with depression. Studies have shown that bone and

immune cells are functionally interconnected45. They are de-

rived from same progenitors, share a common microenviron-

ment and are influenced by similar mediators45. Activated T

cells are the most powerful cells during inflammation which

contribute to enhanced osteoclastogenesis both by increasing

the production of bone resorbing cytokines and the numbers

of osteoclast precursors45. Activation of inflammatory markers

occurs also in milder depression and in the presence of stress,

especially if the effect is prolonged. Low subjective well-being

indicated as life dissatisfaction has been longitudinally asso-

ciated with both lower BMD and greater bone loss in post-

menopausal women - independent of severe depression and

antidepressant treatment16. Among young adults, depressive

symptoms in combination with high work-related stress have

been associated with lower BMD17. Previously, utilizing the

present male study population depressive symptoms have been

linked with reduced BMD at the lumbar spine and femoral

neck27. Oxidative stress is another possible mechanism of ac-

tion. It can impact on bone directly by both promoting osteo-

clast formation and activity and inhibiting osteoblast

differentiation and activity46. Finally, various modifiable

lifestyle factors linked with depression have physiologic con-

sequences, which in turn are likely to affect bone metabolism22.

In the present study we found that body weight acted as an

effect modifier in the association between antidepressant use

and BMD. A similar finding was seen in our previous study

on the effect of antidepressant use on heel quantitative ultra-

sound measures in men36. The effect of body weight on bone

might also be explained by the amount of fat tissue. Adipocytes

secrete leptin, which is involved in stimulating food intake and

energy expenditure47. High leptin concentration has been found

to be beneficial to bone mass48,49. In addition to indirect effects

via the central nervous system48, leptin receptors have been

found to be expressed in osteoblasts where leptin seems to di-

rectly increase proliferation and differentiation50,51. However,

also differing effects of body fat on bone have been shown.

Subcutaneous fat, the main source of leptin and adiponectin,

has been shown to be beneficial to bone, whereas visceral fat

has been shown to negatively affect bone due to its ability to

produce more pro-inflammatory cytokines52,53. Serotonin re-

ceptors and transporters have also been found to be expressed

in adipocytes54,55. However, the effect of antidepressants influ-

encing bone metabolism via adipocytes is unclear and both in-

creased56,57 and decreased58 or non-changed57 leptin levels

during antidepressant therapy have been seen. Without taking

into account the possible effects of antidepressant medication

on adipocytes, participants with higher body weight are likely

to have more fat tissue with higher concentrations of

adipocytes and leptin, which might overshadow the negative

effects of antidepressant use on bone. Furthermore, the positive

association with BMD in participants with higher weight might

also reflect the adaptive effect of load bearing on bone

turnover. Finally, there may be other unclear confounding
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mechanisms operative between bone, body mass and use of

antidepressants. In our cross-sectional study, we did not ob-

serve a weight*MDD interaction on BMD. However, we did

not investigate weight change over time.

Strengths of this study include a large population-based

sample of men spanning the full adult age range and ability to

adjust for several confounding factors. Also, the use of struc-

tured diagnostic interviews to determine depression, discrim-

inating between single and recurrent episodes and

investigating several BMD sites are further strengths. A limi-

tation is the cross-sectional, observational study design, which

does not allow the investigation of causality. We classified par-

ticipants as current users only if they reported using medica-

tion at the time of assessment, which may lead to ignoring

users who stopped the use recently or use the medication ir-

regularly. Fracture history had not been considered in the sta-

tistical models and we did not account for weight change as a

confounding factor in the present study. Furthermore, data on

the duration and severity of MDD episodes were not available.

Conclusions

In conclusion, recurrent MDD was evidenced to have a neg-

ative impact on bone. Use of antidepressants was also found

to be negatively associated with BMD among men with lower

body weight. We found that MDD and antidepressant use were

independently associated with BMD; however, separation of

these two issues is difficult. In all, prevention of depression,

its early detection and appropriate medical care are important

issues in the prevention and care of osteoporosis in men.

Lastly, these data raise the issue of screening for BMD in at-

risk populations.

Acknowledgements

PHR, JAP, ALS and LJW designed the study. PHR conducted statistical

analysis, data interpretation and the writing of the manuscript. JAP, ALS

and LJW took part in the statistical analysis. JAP was responsible for the

original GOS study design and for the data. JAP, MB, ALS, HK-H, RJH,

JMH and LJW contributed to data interpretation and critically revised

the manuscript. All authors read and approved the final version of the

manuscript.

The GOS is supported by grants from the National Health and Medical

Research Council (NHMRC 299831, 628582 and 1009367). PHR received

a travel grant and research support from the Saastamoinen Foundation,

research support from National Doctoral Programme of Musculoskeletal

Disorders and Biomaterials, Finnish Concordia Fund, North Savo Re-

gional Fund of Finnish Cultural Foundation and an EVO grant from La-

pland Hospital District. MB is supported by a NHMRC Senior Principal

Research Fellowship (1059660). HK-H and RJH received an EVO grant

from Lapland Hospital District. JMH is supported by a NHMRC. LJW is

supported by a NHMRC Career Development Fellowship (1064272).

References

1. Hernlund E, Svedbom A, Ivergård M, Compston J,

Cooper C, Stenmark J, McCloskey EV, Jönsson B, Kanis

JA. Osteoporosis in the European Union: medical man-

agement, epidemiology and economic burden. A report

prepared in collaboration with the International Osteo-

porosis Foundation (IOF) and the European Federation

of Pharmaceutical Industry Associations (EFPA). Arch

Osteoporos 2013;8(1-2):136.

2. Henry MJ, Pasco JA, Nicholson GV, Kotowicz MA.

Prevalence of osteoporosis in Australian men and women:

Geelong Osteoporosis Study. Med J Aust 2011;

195(6):321-322.

3. Otmar R, Kotowicz MA, Brennan SL, Bucki-Smith G,

Korn S, Pasco JA. Personal and psychosocial impacts of

clinical fracture in men. J Men’s Health 2013;10(1):22-27.

4. Kiebzak GM, Beinart GA, Perser K, Ambrose CG, Siff

SJ, Heggeness MH. Undertreatment of osteoporosis in

men with hip fracture. Arch Intern Med 2002;

162(19):2217-2222.

5. Poór G, Atkinson EJ, O’Fallon WM, Melton LJ 3rd. De-

terminants of reduced survival following hip fractures in

men. Clin Orthop Relat Res 1995;(319):260-265.

6. Haentjens P, Magaziner J, Colón-Emeric CS, Vander-

schueren D, Milisen K, Velkeniers B, Boonen S. Meta-

analysis: excess mortality after hip fracture among older

women and men. Ann Intern Med 2010;152(6):380-390.

7. Cizza G, Primma S, Csako G. Depression as a risk factor

for osteoporosis. Trends Endocrinol Metab 2009;

20(8):367-373.

8. Williams LJ, Pasco JA, Henry MJ, Sanders KM, Nichol-

son GC, Kotowicz MA, Berk M. Paracetamol (aceta-

minophen) use, fracture and bone mineral density. Bone

2011;48(6):1277-1281.

9. Bolton JM, Targownik LE, Leung S, Sareen J, Leslie WD.

Risk of low bone mineral density associated with psy-

chotropic medications and mental disorders in post-

menopausal women. J Clin Psychopharmacol 2011;

31(1):56-60.

10. De Paula FJ, Horowitz MC, Rosen CJ. Novel insights into

the relationship between diabetes and osteoporosis. Dia-

betes Metab Res Rev 2010;26(8):622-630.

11. Bjarnason I, Macpherson A, Mackintosh C, Buxton-

Thomas M, Forgacs I, Moniz C. Reduced bone density in

patients with inflammatory bowel disease. Gut 1997;

40(2):228-233.

12. Kishimoto T, de Hert MD, Carlson HE, Manu P, Correll

CU. Osteoporosis and fracture risk in people with schiz-

ophrenia. Curr Opin Psychiatry 2012;25(5):415-419.

13. Wong SY, Lau EM, Lynn H, Leung PC, Woo J, Cum-

mings SR, Orwoll E. Depression and bone mineral den-

sity: is there a relationship in elderly Asian men? Results

from Mr. Os (Hong Kong). Osteoporos Int 2005;

16(6):610-615.

14. Mussolino ME, Jonas BS, Looker AC. Depression and

bone mineral density in young adults: results from

NHANES III. Psychosom Med 2004;66(4):533-537.

15. Williams LJ, Bjerkeset O, Langhammer A, Berk M, Pasco

JA, Henry MJ, Schei B, Forsmo S. The association be-



P.H. Rauma et al.: Depression, antidepressants and bone

184

tween depressive and anxiety symptoms and bone min-

eral density in the general population: the HUNT Study.

J Affect Disord 2011;131(1-3):164-171.

16. Rauma PH, Koivumaa-Honkanen H, Williams LJ, Tup-

purainen MT, Kröger H, Honkanen RJ: Life satisfaction

and bone mineral density among postmenopausal women

- Cross-sectional and longitudinal associations. Psycho-

som Med 2014;76(9):709-715.

17. Oikonen M, Hintsanen M, Laaksonen M, Mikkilä V,

Kähönen M, Lehtimäki T, Pulkki-Råback L, Viikari JS,

Keltikangas-Järvinen L, Raitakari OT. Depressive symp-

toms are associated with lower bone mineral density in

young adults with high job strain. The Cardiovascular

Risk in Young Finns study. Int J Behav Med 2014;

21(3):464-469.

18. Erez HB, Weller A, Vaisman N, Kreitler S. The relation-

ship of depression, anxiety and stress with low bone min-

eral density in postmenopausal women. Arch Osteoporos

2012; 7(1-2):247-255.

19. Williams LJ, Henry MJ, Berk M, Dodd S, Jacka FN, Ko-

towicz MA, Nicholson GC, Pasco JA. Selective serotonin

reuptake inhibitor use and bone mineral density in women

with a history of depression. Int Clin Psychopharmacol

2008;23(2):84-87.

20. Hodge JM, Wang Y, Berk M, Collier FM, Fernandes TJ,

Constable MJ, Pasco JA, Dodd S, Nicholson GC,

Kennedy RL, Williams LJ. Selective serotonin reuptake

inhibitors inhibit human osteoclast and osteoblast forma-

tion and function. Biol Psychiatry 2013;74(1):32-39.

21. Haney EM, Chan BK, Diem SJ, Ensrud KE, Cauley JA,

Barrett-Connor E, Orwoll E, Bliziotes MM; Osteoporotic

Fractures in Men Study Group. Association of low bone

mineral density with selective serotonin reuptake in-

hibitor use by older men. Arch Intern Med 2007;

167(12):1246-1251.

22. Williams LJ, Pasco JA, Jacka FN, Henry MJ, Dodd S,

Berk M. Depression and bone metabolism: A review. Psy-

chotherapy and Psychosomatics 2009;78:16-25.

23. Pasco JA, Nicholson GC, Kotowicz MA. Cohort Profile:

Geelong Osteoporosis Study. Int J Epidemiol 2012;

41(6):1565-1575.

24. First M, Spitzer R, Gibbon M, Williams J. Structured clinical

interview for DSM-IV-TR axis I disorders, Research Version,

Non-patient Edition. (SCID-I/NP). Biometrics Research,

New York State Psychiatric Institute, New York, 2002.

25. Giles C, Ireland P. Dietary questionnaire for epidemio-

logical studies (Version 2). Melbourne: The Cancer Coun-

cil Victoria, 1996.

26. Kanis JA, Delmas P, Burckhardt P, Cooper C, Torgerson

D. Guidelines for diagnosis and management of osteo-

porosis. Osteoporos Int 1997;7(4):390-406.

27. Jacka FN, Pasco JA, Henry MJ, Williams LJ, Korn S, Ko-

towicz MA, Nicholson GC, Berk M. Depression and bone

mineral density in a community sample of men: Geelong Os-

teoporosis Study. J Mens Health Gend 2007;4(3):292-297.

28. Williams LJ, Pasco JA, Jacka FN, Hodge JM, Kotowicz

MA, Berk M. Quantitative Heel Ultrasound (QUS) meas-

ures of bone quality in association with mood and anxiety

disorders. J Affect Disord 2013;146(3):395-400.

29. Oh SM, Kim HC, Ahn SV, Rhee Y, Suh I. Association be-

tween depression and bone mineral density in commu-

nity-dwelling older men and women in Korea. Maturitas

2012;71(2):142-146.

30. Mezuk B, Eaton WW, Golden SH, Wand G, Lee HG. De-

pression, antidepressants, and bone mineral density in a

population-based cohort. J Gerontol A Biol Sci Med Sci

2008;63(12):1410-1415.

31. Charles LE, Fekedulegn D, Miller DB, Wactawski-Wende

J, Violanti JM, Andrew ME, Burchfiel CM. Depressive

symptoms and bone mineral density among police offi-

cers in a northeastern US city. Glob J Health Sci 2012;

4(3):39-50.

32. Diem SJ, Blackwell TL, Stone KL, Yaffe K, Haney EM,

Bliziotes MM, Ensrud KE. Use of antidepressants and rates

of hip bone loss in older women: the study of osteoporotic

fractures. Arch Intern Med 2007;167(12):1240-1245.

33. Spangler L, Scholes D, Brunner RL, Robbins J, Reed SD,

Newton KM, Melville JL, Lacroix AZ. Depressive symp-

toms, bone loss, and fractures in postmenopausal women.

J Gen Intern Med 2008;23(5):567-574.

34. Calarge CA, Zimmerman B, Xie D, Kuperman S,

Schlechte JA. A cross-sectional evaluation of the effect

of risperidone and selective serotonin reuptake inhibitors

on bone mineral density in boys. J Clin Psychiatry 2010;

71(3):338-47.

35. Cauley JA, Fullman RL, Stone KL, Zmuda JM, Bauer

DC, Barrett-Connor E, Ensrud K, Lau EM, Orwoll ES;

Mr. OS Research Group. Factors associated with the lum-

bar spine and proximal femur bone mineral density in

older men. Osteoporos Int 2005;16(12):1525-1537.

36. Rauma PH, Pasco JA, Berk M, Stuart AL, Koivumaa-

Honkanen H, Honkanen RJ, Hodge JA, Williams LJ. The

association between use of antidepressants and bone

using Quantitative Ultrasound. Aust N Z J Psychiatry

2015;49(5) 437-43.

37. Goldman LS, Nielsen NH, Champion HC: Awareness, di-

agnosis and treatment of depression. J Gen Intern Med

1999;14(9):569-580.

38. Singh T, Williams K. Atypical depression. Psychiatry

2006;3(4):33-39.

39. Moylan S, Maes M, Wray NR, Berk M. The neuropro-

gressive nature of major depressive disorder: pathways to

disease evolution and resistance, and therapeutic impli-

cations. Mol Psychiatry 2013;18(5):595-606.

40. Pasco JA, Nicholson GC, Ng F, Henry MJ, Williams LJ,

Kotowicz MA, Hodge JM, Dodd S, Kapczinski F, Gama

CS, Berk M. Oxidative stress may be a common mecha-

nism linking major depression and osteoporosis. Acta

Neuropsychiatrica 2008;20:112-116

41. Altindag O, Altindag A, Asoglu M, Gunes M, Soran N,

Deveci Z. Relation of cortisol levels and bone mineral

density among premenopausal women with major depres-



P.H. Rauma et al.: Depression, antidepressants and bone

185

sion. Int J Clin Pract 2007;61(3):416-420.

42. Atteritano M, Lasco A, Mazzaferro S, Macrí I, Catalano

A, Santangelo A, Bagnato G, Bagnato G, Frisina N. Bone

mineral density, quantitative ultrasound parameters and

bone metabolism in postmenopausal women with depres-

sion. Intern Emerg Med 2013;8(6):485-491.

43. Eskandari F, Martinez PE, Torvik S, Phillips TM, Sternberg

EM, Mistry S, Ronsaville D, Wesley R, Toomey C, Sebring

NG, Reynolds JC, Blackman MR, Calis KA, Gold PW,

Cizza G: Low bone mass in premenopausal women with

depression. Arch Intern Med 2007;167(21):2329-2336.

44. Pasco JA, Kotowicz MA, Henry MJ, Nicholson GC,

Spilsbury HJ, Box JD, Schneider HG. High-sensitivity C-

reactive protein and fracture risk in elderly women.

JAMA 2006;296(11):1353-1355.

45. Zupan J, Jeras M, Marc J. Osteoimmunology and the in-

fluence of pro-inflammatory cytokines on osteoclasts.

Biochemia Medica 2013;23(1):43-63.

46. Wauquier F, Leotoing L, Coxam V, Guicheux J, Wittrant

Y. Oxidative stress in bone remodeling and disease.

Trends Mol Med 2009;15(10):468-477.

47. Taylor VH, MacQueen GM. The role of adipokines in un-

derstanding the associations between obesity and depres-

sion. J Obes 2010. Epub 2010 Jul 28.

48. Reid IR. Fat and bone. Arch Biochem Biophys 2010;

503(1):20-27.

49. Pasco JA, Henry MJ, Kotowicz MA, Collier GR, Ball MJ,

Ugoni AM, Nicholson GC. Serum leptin levels are asso-

ciated with bone mass in nonobese women. J Clin En-

docrinol Metab 2001;86(5):1884-1887.

50. Cornish J, Callon KE, Bava U, Lin C, Naot D, Hill BL, Grey

AB, Broom N, Myers DE, Nicholson GC, Reid IR. Leptin

directly regulates bone cell function in vitro and reduces

bone fragility in vivo. J Endocrinol 2002;175(2):405-415.

51. Thomas T, Gori F, Khosla S, Jensen MD, Burguera B, Riggs

BL. Leptin acts on human marrow stromal cells to enhance

differentiation to osteoblasts and to inhibit differentiation to

adipocytes. Endocrinology 1999;140(4):1630-1638.

52. Gilsanz V, Chalfant J, Mo AO, Lee DC, Dorey FJ, Mit-

telman SD. Reciprocal relations of subcutaneous and vis-

ceral fat to bone structure and strength. J Clin Endocrinol

Metab 2009;94(9):3387-3393.

53. Wronska A, Kmiec Z. Structural and biochemical char-

acteristics of various white adipose tissue deports. Acta

Physiol 2012;205(2):194-208.

54. Stunes AK, Reseland JE, Hauso Ø, Kidd M, Tømmerås

K, Waldum HL, Syversen U, Gustafsson BI. Adipocytes

express a functional system for serotonin synthesis, reup-

take and receptor activation. Diabetes Obes Metab 2011;

13(6):551-558.

55. Kinoshita M, Ono, K, Horie T, Kazuya N, Nishi H, Kuwabara

Y, Takanabe-Mori R, Hasegawa K, Kita T, Kimura T. Regu-

lation of Adipocyte Differentiation by Activation of Serotonin

(5-HT) Receptors 5-HT2AR and 5-HT2CR and Involvement

of MicroRNA-448-Mediated Repression of KLF5. Mol En-

docrinol 2010;24(10):1978-1987.

56. Laimer M, Kramer-Reinstadler K, Rauchenzauner M,

Lechner-Schoner T, Strauss R, Engl J, Deisenhammer

EA, Hinterhuber H, Patsch JR, Ebenbichler CF. Effect of

mirtazapine treatment on body composition and metabo-

lism. J Clin Psychiatry 2006;67(3):421-424.

57. Schilling C, Gilles M, Blum WF, Daseking E, Colla M,

Weber-Hamann B, Lederbogen F, Krumm B, Heuser I,

Wudy SA, Kopf D, Deuschle M. Leptin plasma concen-

trations increase during antidepressant treatment with

amitriptyline and mirtazapine, but not paroxetine and ven-

lafaxine: leptin resistance mediated by antihistaminergic

activity? J Clin Psychopharmacol 2013;33(1):99-103.

58. Dryden S, Brown M, King P, Williams G. Decreased

plasma leptin levels in lean and obese Zucker rats after

treatment with the serotonin reuptake inhibitor fluoxetine.

Horm Metab Res 1999;31(6):363-366.


