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Abstract

Selective serotonin reuptake inhibitors (SSRIs) have been shown to have a clinically significant impact on bone metabolism.
To explore this further, we aimed to determine whether these agents are associated with serum markers of bone turnover
utilising a population-based sample of men (n=1138; 20-96 year) participating in the Geelong Osteoporosis Study. Blood
samples were obtained and the bone resorption marker, C-telopeptide (CTx) and formation marker, type 1 procollagen
amino-terminal-propeptide (PINP) were measured. Anthropometry and socio-economic status (SES) were determined and
information on medication use and lifestyle was obtained via questionnaire. Lifetime mood disorders were assessed using
semi-structured clinical interviews. Thirty-seven (3.3%) men reported using SSRIs. Age was an effect modifier in the associa-
tion between SSRIs and markers of bone turnover. Among younger men (20-60 year; n=557), adjusted mean CTx and PINP
values were 12.4% [16.7 (95% CI 14.6-18.8) vs 19.1 (95% CI 18.7-19.4) pg/ml, p =0.03] and 13.6% [5.6 (95% C1 4.9-6.3)
vs 6.4 (95% CI 6.3-6.6) pg/ml, p=0.02] lower among SSRI users compared to non-users, respectively. No differences in
SSRI use and markers of bone turnover were detected among older men (61-94 year; all p > 0.05). These patterns persisted
after further adjustment for activity, alcohol, smoking, SES, depression, bone active medications and other antidepressants.
Our data suggest that SSRI use is associated with alterations in bone turnover markers among younger men. The observed
decreases in both CTx and PINP are likely to contribute to a low bone turnover state and increased skeletal fragility with
this potential imbalance between formation and resorption resulting in subsequent bone loss.
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Introduction

Paralleling the high prevalence and disease burden of
depression, the global use of antidepressants has increased
substantially, such that approximately one in ten are pre-
scribed these agents [1]. Osteoporosis is similarly a com-
mon disorder, characterised by impairment in bone quality
resulting in an increased susceptibility to fracture [2]. It
has been estimated to affect one in three women and one
in five men over the age of 50 years [3], with osteoporosis
estimated to cause more than 8.9 million fractures annu-
ally across the globe [4]. The total cost associated with
osteoporosis, osteopenia (low bone mass) and consequent
fractures in Australia during 2012 was estimated to be
$AUD 2.75 billion, this being in line with other reported
international costs [5]. The escalating burden of these dis-
eases is one of the more critical issues facing healthcare
systems worldwide.

Antidepressants, particularly selective serotonin
reuptake inhibitors (SSRIs), have been associated with
decreases in bone mineral density (BMD) and an increased
risk for falls and fractures in both men and women across
the age range [6, 7]. Depression itself has been shown to
be a vulnerability factor for osteoporosis, being associated
with both low BMD and increased fracture risk [8, 9] as
well as falls [10, 11]. Both in vitro and in vivo evidence
provides further support to the observational findings in
humans and mechanistic possibilities [8].

Fundamentally, bone mass and bone strength are deter-
mined by continual bone re/modelling that consists of
bone generation by osteoblasts and bone resorption by
osteoclasts, with osteocytes controlling the functioning
of osteoblasts and osteoclasts within the multicellular
unit [12]. A failure to balance bone formation with bone
resorption results in net bone loss, with this process influ-
enced by both local and systemic factors. Bone turnover
markers are products of the re/modelling process and offer
a way to assess this process.

Thus, the aim of this study was to investigate the asso-
ciation between SSRIs and serum markers of bone turno-
ver in a population-based sample of men.

Methods

Participants

This study examined data collected from men participating
in the Geelong Osteoporosis Study (GOS); a population-

based study located in south-eastern Australia. Methodo-
logical details of the cohort are published elsewhere [13].
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Originally, 1540 men (response 67.0%) were randomly
recruited from the electoral rolls for the Barwon Statisti-
cal Division between 2001 and 2006. Of 1540 men, par-
ticipants for whom blood samples were not available were
excluded from the analyses, resulting in a final sample of
1138, aged 20-96 year.

Data
Outcome

Blood samples were obtained following an overnight fast
and stored at — 80 °C for batch analysis. The serum bone
resorption marker, C-telopeptide (CTx) and formation
marker, type 1 procollagen amino-terminal-propeptide
(PINP) were measured using the automated Roche Modular
Analytics E170 analyser [CTx inter-assay coefficient of vari-
ation (CV) <3.8%, detection limit, 10 ng/l: PINP inter-assay
CV <4.9%, detection limit 5 pg/1].

Exposure

Current medication use and duration were ascertained via
self-report and categorised according to the Australian index
of medications (http://www.mims.com.au/index.php/about
-mims/about-mims-overview). Participants were asked to
bring in a list of medications or containers to assist with
accurate recording of details. Antiresorptive (bisphospho-
nates and selective oestrogen receptor modulators), calcium
and vitamin D supplements, gonadal hormones (hormone
replacement therapy), oral glucocorticoids and antidepres-
sant (selective serotonin reuptake inhibitors, serotonin—nor-
epinephrine reuptake inhibitors and tricyclic antidepres-
sants) use were required for these analyses.

Psychiatric history was assessed using the Structured
Clinical Interview for Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Non-patient edition
(SCID-I/NP) [14]. The SCID-I/NP was used to identify those
who had ever experienced a depressive disorder, including
major depressive disorder (MDD), minor depression, bipolar
disorder, dysthymia, mood disorder due to a general medical
condition and substance-induced mood disorder. Participants
were classified as having a lifetime history of depression if
past or current symptoms met the lifetime and/or current
diagnostic criteria for any of the aforementioned DSM-IV
depressive disorders. All interviews were conducted by per-
sonnel with post-graduate qualifications in psychology, who
were trained using live and videotaped interviews under the
supervision of a psychiatrist.

Weight and height were measured to the nearest 0.1 kg
and 0.1 cm, respectively, and body mass index (BMI) cal-
culated as weight/height? (kg/m?).


http://www.mims.com.au/index.php/about-mims/about-mims-overview
http://www.mims.com.au/index.php/about-mims/about-mims-overview
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Current cigarette smoking was self-reported. Habitual
physical activity level was documented by self-report, with
those reporting ‘moves, walks and works energetically; par-
ticipates in vigorous exercise’ or ‘walks at brisk pace, does
normal housework or other work; engages in light exercise’
classified as active; otherwise those reporting ‘little walk-
ing outside home, but prepares meals and does very light
housework or equivalent’ or ‘sits in chair or lies in bed most
of the time, walks independently from bed to chair to toilet
but requires assistance for greater movement’ were classified
as ‘sedentary’.

Calcium intake and alcohol consumption were estimated
from a validated food frequency questionnaire [15].

Areal BMD (g/cm?) was measured at the femoral neck
using dual-energy X-ray absorptiometry (Prodigy; GE
Lunar, Madison, WI, USA). Trained technicians carried out
all examinations and performed daily calibrations of the den-
sitometer with equipment-specific phantoms.

Socio-economic status (SES) was ascertained using
Socio-Economic Index for Areas (SEIFA) index scores
based on the 2006 Australian Bureau of Statistics Census
data. SEIFA values were used to derive an Index of rela-
tive socio-economic advantage and disadvantage (IRSAD),
which account for high and low income, and type of occu-
pation and was categorised into quintiles according to cut-
points for the Barwon Statistical Division [16, 17].

Statistics

Differences in characteristics between the groups were
determined using ¢ tests for continuous parametric vari-
ables, Kruskal-Wallis for non-parametric continuous vari-
ables and for discrete variables, Chi-square tests or Fisher’s
exact test when expected cell counts were less than five.
Serum CTx and PINP concentrations were square root
transformed to normalise the data before statistical analysis.
Multiple linear regression was used to determine the asso-
ciation between SSRI use and bone turnover markers (CTx
and PINP). Known covariates include age, weight, physical
activity, smoking status, alcohol consumption, dietary cal-
cium intake, depression, SES, bone active medications and
other antidepressants. These were tested sequentially and
only included in the final model if significant. All interac-
tions were tested. Statistical analyses were performed using
Minitab (version 16; Minitab, State College, PA).

Results

Thirty-seven (3.3%) men reported using SSRIs. Median
duration of current SSRI use was 2.7 years (IQR
1.1-4.6 years).

Age was identified as an effect modifier; stratification was
undertaken at 60 years at which the direction of the relation-
ship between SSRI use and both markers of bone turnover
changed. Characteristics of the whole group (20-94 year;
n=1138) and for the younger (20-60 year; n=557) and
older (61-94 year; n=>581) men according to SSRI use are
shown in Table 1. Among younger men, age, weight and
dietary calcium-adjusted CTx and PINP were 12.4% [16.7
(95% CI 14.6-18.8) vs 19.1 (95% CI 18.7-19.4) pg/ml,
p=0.03] and 13.6% [5.6 (95% CI 4.9-6.3) vs 6.4 (95% CI
6.3-6.6) pg/ml, p=0.02] lower among SSRI users compared
to non-users, respectively. Associations between SSRI use
and both CTx and PINP remained following further adjust-
ment for known risk factors including physical activity, alco-
hol, smoking, SES, depression, bone active medications and
other antidepressants. Among older men, there were no dif-
ferences in CTx [19.4 (95% CI 17.4-21.4) vs 17.9 (95% CI
17.5-18.3) pg/ml, p=0.16] or PINP [6.3 (95% CI 5.6-7.0)
vs 6.1 (95% CI 6.0-6.2) pg/ml, p=0.61] among SSRI users
compared to non-users.

Discussion

These epidemiological data showed differences in bone turn-
over markers associated with SSRI use in a large group of
community dwelling adult men. Specifically, the serum bone
resorption marker, CTx and formation marker, PINP were
lower among SSRI users compared to non-SSRI users aged
between 20 and 60 years, independent of sociodemographic
characteristics, lifetime history of depression, medication
use and other lifestyle factors.

In the first study to investigate the association between
bone turnover markers and antidepressant use, treatment
with the SSRI, escitalopram, increased serum osteocalcin
levels and decreased f-CTX levels in a group of premeno-
pausal women newly diagnosed with MDD (n=50). The
effects were more prominent in patients with a HAM-D
score below 15 than above 15 at the end of the 3-month
study period, suggesting that improvements in the severity
of depression influenced the positive changes in bone turno-
ver markers [18]. In a similar, prospective treatment study,
serum levels of f-CTX increased, without compensatory
increases in PINP, in a group of men and women aged over
60 years whose depression did not remit after 12 weeks of
treatment with venlafaxine [19]. In the only other study to
investigate this question, escitalopram did not affect PINP
and CTX levels, in a randomised controlled trial conducted
over an 8-week period, in a group of 141 healthy peri- and
postmenopausal women without MDD [20].

Typically, an imbalance between bone formation and bone
resorption results in net bone loss. In this study, a reduced
bone turnover state (i.e. both formation and resorption
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Table 1 Characteristics of SSRI users and non-users according to age group

20-96 years 20-60 years 61-96 years
SSRI user SSRI non-user p SSRI user SSRI non-user p SSRI user SSRI non-user p
n=37 n=1101 n=15 n=>542 n=22 n=559
Age (years) 68.0 (53.2— 61.0 (44.1- 0.10 52.0 (37.0- 44.0 (34.7- 0.19 75.0 (71.0- 75.0 (68.9— 0.38
79.0) 75.0) 56.0) 53.3) 82.8) 82.0)
Weight (kg) 83.2 (73.8- 81.7 (73.3- 0.53 82.0 (76.1- 83.3 (74.8— 1.00 84.4 (67.0- 79.8 (71.7- 0.37
97.3) 90.5) 97.8) 93.5) 97.1) 88.1)
Height (m) 1.7+0.1 1.7+0.1 0.14 1.8+0.1 1.8+0.1 0.43 1.7+0.1 1.7+0.1 0.34
Smoking (cur- 7 (18.9%) 120 (10.9%) 0.13 6 (40.0%) 91 (16.8%) 0.03 1 (4.6%) 30 (5.7%) 1.0
rent)
Physically 20 (54.1%) 820 (74.5%) 0.005 11 (73.3%) 454 (83.8%) 0.29 9 (40.9%) 366 (65.5%) 0.02
active
Alcohol intake 7.6 (0.3-30.0) 10.9 (2.0-27.9) 0.60 9.7 (0.1-53.7)  14.6 (3.8-32.0) 0.36 7.6 (0.9-28.6) 8.6(0.7-24.8) 0.71
(g/days)
Calcium intake 6.4 (0.2-29.8) 8.7 (1.3-23.4) 0.68 9.4(0.0-33.7) 11.2(2.9-28.0) 0.49 5.6 (0.7-28.4) 6.5(0.6-19.1) 0.74
(mg/days)
Depression 14 (51.9%) 118 (14.9%) <0.001 10 (71.4%) 89 (20.0%) <0.001 4 (30.8%) 29 (8.3%) 0.02
(lifetime)
Socio-eco- 0.16 0.23 0.21
nomic status
Quintile 1 10 (27.0%) 197 (17.9%) 1(6.7%) 71 (13.1%) 9 (40.9%) 126 (22.5%)
(lowest)
Quintile 2 4 (10.8%) 235 (21.3%) 2 (13.3%) 110 (20.3%) 2(9.1%) 125 (22.4%)
Quintile 3 5(13.5%) 209 (19.0%) 1(6.7%) 109 (20.1%) 4 (18.2%) 100 (17.9%)
Quintile 4 6 (16.2%) 227 (20.6%) 4 (26.7%) 126 (23.3%) 2(9.1%) 101 (18.1%)
Quintile 5 12 (32.4%) 233 (21.2%) 7 (46.7%) 126 (23.3%) 5(22.7%) 107 (19.1%)
Medication use
(current)
Antiresorp- 0 16 (1.5%) - 0 3 (0.6%) - 0 13 (2.3%) -
tives
Calcium/vita- 1 (2.7%) 48 (4.4%) 0.63 0 12 (2.2%) - 1(4.6%) 36 (6.4%) 1.0
min D
Glucocorti- 0 21 (1.9%) - 0 4(0.7%) - 0 17 (3.0%) -
coids
Hormone 1(2.7%) 10 (0.9%) 0.31 0 3 (0.6%) - 1 (4.6%) 7(1.3%) 0.27
therapy
Other antide- 1 (2.7%) 19 (1.7%) 0.49 1(6.7%) 8 (1.5%) 0.23 0 11 (2.0%) -
pressants
Femoral neck  0.93+0.17 0.99+0.15 0.03 1.00+0.16 1.05+0.14 0.27 0.88+0.15 0.92+0.14 0.13
BMD (g/cm?)
BTM (pg/ml)
CTx 18.0+5.7 18.4+4.6 0.39 16.1+4.0 19.0+4.4 0.02 19.4+6.4 17.9+4.7 0.29
PINP 59+1.6 63+1.6 0.11 54+1.3 6.4+1.5 0.006 63+1.7 6.1+1.6 0.62

Values are given as median (interquartile range), mean (standard deviation) or n (%)

reduced) was evident, with concurrent reductions in hip
BMD, albeit non-significant following stratification by age.
The precise mechanism by which bone mass is decreased
among users of antidepressants is still not clear and likely
to be multifactorial. For example, it has been proposed that
both peripheral and central serotonin signalling have actions
on bone [21]. In support of our findings, we have previ-
ously shown in vitro, that some but not all SSRIs, potently
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and dose-dependently inhibit both osteoclast and osteoblast
number and function [22]; a result that would be expected to
contribute to a low bone turnover state in vivo.

Bone loss and fragility fracture in several clinical condi-
tions have been characterised by a low bone turnover state
[23]. Generally, epidemiological studies have shown SSRI
use to be associated with lower BMD, increased fracture
risk and bone loss over time [8]. Lifestyle factors, such as
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physical inactivity, smoking, inadequate dietary intakes
and excessive alcohol consumption frequently seen in the
presence of depression may play a role, although these
factors did not explain the current observations. Increases
in cortisol, inflammation and oxidative stress are further
mechanisms hypothesised to be implicated. The observed
relationship differed for younger and older men. As normal
ageing is associated with changes in bone turnover mark-
ers, it is possible that any SSRI-related changes among
those aged > 60 years may have been masked [24].

Both strengths and weaknesses need to be taken into
consideration when interpreting this study. The cross-sec-
tional study design precludes a determination of causality
due to no assessment of change in markers of bone turno-
ver over time. Residual, unrecognised and/or confounding
by indication is possible and power limitations prevented
investigation into duration and dose effects and likely
explains the loss of significance in regard to concurrent
BMD at the hip once the sample was stratified. Further-
more, although the number of SSRI users reflected the
expected prevalence of use in men [25], given the sample
size, the current study included a small number of SSRI
users, with the number of users further reduced when the
group was dichotomized by age. Inflammatory cytokines
or other biochemical markers, such as vitamin D and
cortisol levels were not assessed at the time of analyses;
therefore we are unable to comment whether or not they
are contributing to underlying biological mechanisms.
Strengths of this study include the use of a gold standard
tool in the measurement of depressive disorders, data cov-
ering the full adult age range and our ability to take into
consideration a host of potential confounders.

In conclusion, our population-based data suggest that
SSRI use is associated with dysregulations in bone turno-
ver markers among younger men independent of life-
style, depression and other recognised confounders. The
observed decreases in both CTx and PINP are likely to
contribute to a low bone turnover state and increased skel-
etal fragility with a mismatch between bone formation and
resorption resulting in bone loss. This supports previous
observations suggesting that SSRI use is associated with
low BMD and increased fracture risk. This is yet another
piece of evidence to support the need for monitoring bone
health in users of SSRIs.
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