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abstract
Objective: Selective serotonin reuptake inhibitors 
(SSRIs) may reduce bone mineral density (BMD).  
Here, we investigate whether variants of the 
serotonin transporter-linked polymorphic region 
(5-HTTLPR) of the serotonin transporter gene 
moderate this association in boys.

Method: Between November 2005 and August  
2009, medically healthy boys, aged 7 to 17 years, 
were enrolled in a cross-sectional study exploring  
the effect of risperidone-induced hyperprolactinemia  
on BMD. Volumetric BMD of the ultradistal radius was 
measured using peripheral quantitative computed 
tomography, and areal BMD of the lumbar spine was 
estimated using dual energy x-ray absorptiometry. 
Multiple linear regression analysis tested whether 
the 5-HTTLPR genotypes interacted with SSRI 
treatment status to affect BMD, adjusting for relevant 
confounders. Participant enrollment was conducted 
at the University of Iowa, Iowa City.

Results: Of 108 boys (mean ± SD age = 11.7 ± 2.8 
years), with DSM-IV clinical diagnoses based on  
chart review, 52% (n = 56) had been taking an SSRI 
for a median duration of 2.8 years. After adjusting for 
pubertal development, anthropometric measures, 
physical activity, calcium intake, and prolactin 
concentration, there was a significant 5-HTTLPR 
genotype × SSRI treatment interaction effect on 
total lumbar spine BMD z score (P < .05) in non-
Hispanic whites. The interaction effect on BMD at the 
ultradistal radius failed to reach statistical significance. 
Among LS genotype carriers, those treated with SSRIs 
had lower lumbar BMD z score and trabecular BMD at 
the radius compared to those not treated (P < .02 and 
P < .008, respectively).

Conclusions: These findings add to the growing 
evidence implicating the serotonin system in bone 
metabolism. They suggest the potential use of 
5-HTTLPR genotypes to guide the safer long-term 
prescribing of SSRIs in youths. However, prospective 
confirmation in a controlled matched population is 
warranted.
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The use of selective serotonin reuptake inhibitors (SSRIs) in youths 
is widespread.1 Alone or in combination with psychotherapy, these 

medications effectively treat pediatric depressive and anxiety disorders 
and are well tolerated acutely.2,3 Their safety over longer periods of 
treatment is less well investigated. This gap in our knowledge is impor-
tant to address, since pediatric depressive and anxiety disorders tend 
to recur, requiring extended treatment.4 Moreover, potentially serious 
adverse events might either interfere with adherence or place a child 
at a later risk for insidious sequelae that might increase morbidity and 
mortality.

More is being learned about the long-term safety of SSRIs in adults.5 
One area that has gained significant attention, particularly in the  
elderly, is the impact of SSRIs on bone mineral density (BMD).6 This is 
of clinical interest, since accelerated bone loss might place an individual 
at an increased risk for osteoporosis and, consequently, fractures. The 
personal and societal costs of these sequelae are significant and include 
suffering, disability, reduced quality of life, and billions of dollars in 
health care expenditures.7

We have previously reported an inverse association between SSRI 
use in boys and bone mineralization at the ultradistal radius and the 
lumbar spine.8 SSRIs can affect BMD, because serotonin (5-HT) regu-
lates pre-osteoblast proliferation, osteoclast differentiation and activity, 
bone matrix calcification, and osteoblast/osteoclast interaction.9,10 This 
activity is mediated through 5-HT receptors and the 5-HT transporter 
present on bone cells.9–11 Moreover, the administration of fluoxetine can 
hinder or reverse these 5-HT–mediated processes in a dose-dependent 
manner.9–11 Furthermore, fluoxetine-treated mice show delay in whole-
body and hindlimb bone mineral accrual.12 Finally, further evidence of 
a potential effect of SSRIs on bone development comes from a random-
ized pediatric clinical trial with fluoxetine showing significant reduction 
in longitudinal growth over a 19-week exposure period.13,14

Like mice treated with fluoxetine, those lacking the 5-HT trans porter 
gene exhibit reduced BMD, altered bone architecture, and inferior  
mechanical properties.12 Only in humans and a few primate species, 
the promoter region of the 5-HT transporter gene contains a poly-
morphic region, the serotonin transporter–linked polymorphic region 
(5-HTTLPR), having a short (s) and long (l) allele, the former being 
transcriptionally less active.15 Moreover, carriers of the s allele show a 
blunted serotoninergic response to neuroendocrine tests and are at a 
higher risk for depression in the presence of trauma, offering further 
support for a functional potential of these variants.15,16

Thus, since the s and l alleles of the 5-HTTLPR are commonly distrib-
uted in the population, we wished to explore whether they moderate the 
association we had found between SSRI treatment and low bone mineral-
ization in youths.8 We hypothesized that the less transcriptionally-active 
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5-HTTLPR variant (s allele) would be associated with more 
accentuated failure to accrue bone mass in youths treated 
with SSRIs.

METHOD

This report consists of a reanalysis of partially pub-
lished data regarding the combined, cross-sectional effect 
of risperidone and SSRIs on bone mineralization in boys.8 
It specifically examines whether variants of the 5-HTTLPR 
moderate the SSRIs’ effect on BMD, found at the baseline 
visit.

In this study, 7- to 17-year-old individuals, treated with 
risperidone for at least 6 months were recruited from psy-
chiatry outpatient clinics between November 2005 and 
August 2009. The study was conducted at the Department 
of Psychiatry, the University of Iowa, Iowa City. Genotyping 
was conducted at the College of Pharmacy, the University 
of Michigan, Ann Arbor. On enrollment, participants could 
be receiving other psychotropic medications but no antipsy-
chotics other than risperidone. Specifically, current or past 
treatment with SSRIs was allowed. Participants with serious 
medical conditions, including those affecting bone metabo-
lism, were not eligible.8,17

This study was approved by the University of Iowa  
Institutional Review Board. Written assent was obtained from 
children 13 years old and younger, and consent was obtained 
from adolescents and all parents or legal guardians.

The psychiatric diagnoses were clinical ones, presum-
ably made following the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-
TR),18 extracted from the charts. The start and stop times 
of each medication as well as all changes in the dosage and 
formulation were recorded.8 At recruitment, all participants 
were queried about medication adherence, smoking, and 
calcium and multivitamin supplementation. Daily calcium 
and vitamin D intake during the week prior to enrollment 
was estimated using the 2004 Block Kids Food Frequency 

Questionnaire.19 Physical activity was assessed by asking the 
parent to compare the child’s usual level of physical activity 
to their peers’ levels using a 5-point Likert scale.20

At enrollment, Tanner stage of sexual development was 
evaluated by physical examination as well as a self-completed 
form.8 Height and weight were recorded following standard 
procedures.8 Age- and gender-specific z scores for height, 
weight, and body mass index (BMI) were calculated using 
the Centers for Disease Control and Prevention normative 
data.21

A morning fasting (in 93%) blood sample was obtained 
to measure prolactin concentration by electrochemilumi-
nescence immunoassay (Roche Diagnostics, Indianapolis, 
Indiana).

Using a Stratec XCT-2000 scanner (Stratec, Inc, Pforzheim, 
Germany), volumetric BMD (vBMD) at the ultradistal (4%) 
site of the nondominant radius was measured with periph-
eral quantitative computed tomography (pQCT).8 All scans 
were reviewed to exclude movement artifacts (n = 14, 13%). 
Trabecular vBMD was measured as the mean density of the 
90% central area of the bone’s cross-section (ie, 10% inward 
from the endosteum). Total vBMD, which combines cor-
tical and trabecular bone at that site, was also measured. 
Total areal BMD (aBMD) in the lumbar spine (L1–L4) was 
estimated using dual energy x-ray absorptiometry (DXA), 
with a Hologic QDR DELPHI-4500A unit (Hologic, Inc, 
Bedford, Massachusetts). Individual measurements were 
converted into age- and gender-adjusted z scores using the 
manufacturer-supplied software and normative values. The 
scans were obtained by qualified technicians (reliability data 
available on request). Quality-control and calibration of the 
equipment were performed daily.

Genomic DNA was extracted from white blood cells 
(88%) or saliva (12%), using a Puregene (Gentra Systems, 
Minneapolis, Minnesota) or Oragene Kit (DNA Genotak, 
Kanata, Ontario, Canada). After DNA sample yield and 
purity were established through spectrophotometry and 
polymerase chain reaction (PCR) amplification, DNA 
samples were diluted to 20 ng/µL and stored at –20°C. PCR 
primers and determination of the 5-HTTLPR genotypes fol-
lowed established methods.22 PCR products were visualized 
by electrophoresis on 1.8% agarose gels stained with ethid-
ium bromide. For ambiguous samples, the PCR amplicons 
were gel-extracted and direct-sequenced.

Data analysis
The sample was divided based on SSRI treatment status at 

enrollment. Those not receiving SSRIs consisted of partici-
pants who had never taken an SSRI (n = 28) and those who 
had previously done so but were not at enrollment (n = 24). 
The mean duration of SSRI treatment among formerly 
treated participants was 0.9 months, and the mean inter-
val between discontinuing the SSRI and enrollment was 3.1 
years. Due to the relatively short duration of exposure and 
long interval since the last SSRI use, these participants were 
combined with the never-treated ones in order to optimize 
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Selective serotonin reuptake inhibitors (SSRIs) are widely  ■
used in children and adults, with emerging evidence 
linking them to impaired skeletal metabolism. 

The use of SSRIs in children and adolescents is associated  ■
with lower trabecular bone mineral density. 

Preliminary evidence indicates that carriers of the  ■ ls 
genotype of the 5-HTTLPR variants are at an increased 
risk for reduced bone mineral density compared to those 
with the ll or ss genotypes. 

If replicated, these findings suggest that genotyping the  ■
5-HTTLPR variants might help estimate the risk for SSRI-
related skeletal effects. This would help optimize the 
long-term safety of SSRIs. 
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statistical power. Differences in demographic and clinical 
variables between boys taking SSRIs or not were compared 
using Student t test for continuous variables and Fisher  
exact test for categorical ones. If the assumption of normal-
ity was violated, based on the Kolmogorov-Smirnov test, the 
Wilcoxon rank sum test was used.

To test our hypotheses, we used multiple linear regres-
sion analysis predicting, separately, lumbar spine aBMD  
z score and radius total and trabecular vBMD while adjust-
ing for Tanner stage, prolactin concentration, SSRI treatment 
status at enrollment, 5-HTTLPR genotype, and the SSRI ×  
5- HTTLPR genotype interaction effect as predictor vari-
ables.8 Additional covariates were considered based on their 
known association with bone mineralization. These included 
height, weight, and BMI z scores, estimated daily intake of 
calcium and vitamin D, and physical activity. Among these 
covariates, we included in each regression model predicting 

individual bone-related variables those factors that were  
correlated with the dependent variable at a P value < .2.8

Due to the different racial/ethnic composition of the  
2 SSRI groups (Table 1) and the known differences in bone 
mass across racial/ethnic groups23 and since non-Hispanic 
whites represented the majority of the sample (91%), we ini-
tially restricted the analyses to this racial subgroup and then 
repeated them in the entire sample.

All tests were 2-tailed, and all analyses were conducted 
using SAS software version 9.2 (SAS Institute Inc, Cary, 
North Carolina).

RESULTS

clinical sample
This analysis includes 108 male participants with a mean 

age of 11.7 years (SD = 2.8 years). Tables 1 and 2 detail the 

table 1. Demographic and clinical characteristics of Male subjects taking and Not taking ssrIs
Characteristic Taking SSRIs (n = 56) Not Taking SSRIs (n = 52) Statistical Analysis  Valuea

Age, mean ± SD, y 12.3 ± 2.9 11.0 ± 2.6 t106 = −2.3 < .03
At Tanner stage I/II/III/IV/V, %b 32/18/20/20/11 50/15/15/17/2 Fisher exact > .2
Non-Hispanic white/African American/Hispanic/other, % 91/5/4/0 77/17/0/6 Fisher exact < .02
Height z score, mean ± SD 0.2 ± 0.9 0.2 ± 0.9 t106 = 0.3 > .7
Weight z score, mean ± SD 0.5 ± 1.1 0.5 ± 1.1 t106 = −0.2 > .8
Body mass index z score, mean ± SD 0.6 ± 1.1 0.5 ± 1.1 t106 = −0.2 > .8
Cigarette smoking, n (%) 2 (4) 1 (2) Fisher exact > .99
Daily calcium intake, mean ± SD, mg/d 959 ± 363 1045 ± 363 t106 = 1.2 > .2
Daily vitamin D intake, median (quartiles), IU/d 259 (186–361) 274 (184–347) Wilcoxon = 2,883 > .7
Physical activity, median (quartiles) 3.0 (2.0–4.0) 4.0 (3.0–5.0) Wilcoxon = 1,899 < .01
Prolactin concentration, median (quartiles), ng/mL 18.5 (13.1–28.4) 16.1 (9.7–23.1) Wilcoxon = 2,549 < .08
5-HTTLPR genotype, n (%)

ll 17 (30) 17 (33) Fisher exact > .9
ls 26 (46) 25 (48)
ss 13 (23) 10 (19)

aStatistically significant findings are in bold.
bPercentages do not sum to 100 due to rounding.
Abbreviations: 5-HTTLPR = serotonin transporter gene–linked polymorphic region, l = long allele, s = short allele.

table 2. Psychiatric characteristics of Male subjects taking and Not taking ssrIs

Characteristic
Taking SSRIs 

(n = 56) Not Taking SSRIs (n = 52)
Statistical 
Analysis  Valuea

Psychiatric diagnosis, n (%)
Attention-deficit/hyperactivity disorder 45 (80) 48 (92) Fisher exact .1
Disruptive behavior disorder 32 (57) 39 (75) Fisher exact < .07
Pervasive developmental disorder 13 (23) 3 (6) Fisher exact < .02
Depressive disorder 20 (36) 2 (4) Fisher exact < .0001
Bipolar disorder 0 (0) 1 (2) Fisher exact > .4
Anxiety disorder 29 (52) 10 (19) Fisher exact < .0006
Psychotic disorder 1 (2) 1 (2) Fisher exact > .99
Tic disorder 12 (21) 14 (27) Fisher exact > .6

Pharmacotherapy
SSRI dose, median (quartiles), unit/db 1.0 (0.5–1.5) NA
SSRI treatment duration, median (quartiles), y 2.8 (1.4–4.5) NA
Risperidone dose, median (quartiles), mg/kg/d 0.02 (0.01–0.04) 0.03 (0.02–0.04) Wilcoxon = 3,008 > .2
Risperidone treatment duration, median (quartiles), y 2.3 (0.9–3.6) 2.2 (1.1–4.1) Wilcoxon = 2,933 > .5
Psychostimulant treatment, n (%) 35 (63) 39 (75) Fisher exact > .2
Psychostimulant dose, median (quartiles), mg/kg/d 1.1 (0.9–1.7) 1.3 (1.0–1.7) Wilcoxon = 1,192 .2
Psychostimulant treatment duration, median (quartiles), y 4.8 (3.0–7.3) 5.0 (2.8–6.7) Wilcoxon = 1,348 .7
α2-Agonists, n (%) 17 (30) 15 (29) Fisher exact > .99

aStatistically significant findings are in bold.
bA participant could be taking any one of the SSRIs: fluoxetine (n = 29 [52%]), sertraline (n = 13 [23%]), citalopram (n = 9 [16%]), 

escitalopram (n = 5 [9%]). One SSRI unit was defined as being equivalent to a daily dose of 20 mg of fluoxetine or citalopram, 50 mg of 
sertraline, or 10 mg of escitalopram.

Abbreviations: NA = not applicable, SSRI = selective serotonin reuptake inhibitor.
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The 5-HTTLPR genotype distribution was as follows: 
ll = 31% (n = 34), ls=  47% (n = 51), and ss = 21% (n = 23) and in 
Hardy-Weinberg equilibrium (χ2 = 0.2, P > .6). This genotype 
composition is comparable to those reported by others25 and 
is not different between the 2 SSRI groups (Table 1).

ssrI treatment, bMD,  
and 5-HTTLPR Genotype Interaction Effect

After adjusting for the stage of sexual development 
(β = −0.14; 95% CI, −0.29 to 0.01; P < .07), weight z score 
(β = 0.44; 95% CI, 0.20–0.69; P = .0006), height z score 
(β = −0.07; 95% CI, −0.37 to 0.24; P > .6), physical activ-
ity (β = 0.20; 95% CI, 0.02–0.38; P < .03), estimated calcium 
intake (β = 0.0002; 95% CI, −0.0003 to 0.0007; P > .3), and 
serum prolactin concentration (β = 0.005; 95% CI, −0.008 
to 0.018; P > .4), there was a significant 5-HTTLPR geno-
type × SSRI treatment interaction effect on total lumbar 
spine BMD z score (P < .05). While the overall model  
accounted for 41% of the variance in the lumbar spine BMD 
z score, SSRIs, the 5-HTTLPR genotype, and their interaction  
effect accounted for 5% of it. Post hoc analyses to test for the 
effect of SSRIs within genotypes showed that the largest mean 
difference was in the carriers of the ls genotype, with mean  
z score of those taking SSRIs being 0.68 lower than those who 
were not (Cohen d = 0.82, P < .02). There was no significant 
effect of SSRIs within the ll and ss genotypes (Figure 1A). 
Comparable results were found when we included the entire 
sample in the analysis, although the interaction effect failed 
to reach significance (P < .07).

After we adjusted for pubertal stage (P < .1), height  
z score (β = −6.73; 95% CI, −18.29 to 4.83; P > .2), BMI z score 
(β = 7.98; 95% CI, −1.27 to 17.24; P < .09), and serum prolac-
tin concentration (β = −0.05; 95% CI, −0.66 to 0.56; P > .8), 
the 5-HTTLPR genotype × SSRI treatment interaction effect 
on trabecular vBMD at the ultradistal radius in non-Hispanic 
white boys failed to reach statistical significance (P = .14),  
although SSRIs, the 5-HTTLPR genotype, and their interac-
tion effect explained 9% of the variance. Post hoc analyses to 
test for the effect of SSRIs within genotypes showed that the 
largest difference in mean trabecular vBMD was again within  
carriers of the ls genotype, with vBMD being 36 mg/cm3 
lower in those taking SSRIs compared to those who were not 
(Cohen d = 1.04, P < .008; Figure 1B). Similar results were ob-
tained when we included the whole sample in the analysis.

Finally, after adjusting for pubertal stage (P = .0004), 
height z score (β = −30.13; 95% CI, −50.37 to −9.89; P < .004), 
weight z score (β = 11.30; 95% CI, −4.54 to 27.15; P > .1), 
physical activity (β = 10.86; 95% CI, −0.18 to 21.90; P < .06), 
and prolactin concentration (β = −0.43; 95% CI, −1.24 to 0.38; 
P > .2), there was no significant 5-HTTLPR genotype × SSRI 
treatment interaction effect on total vBMD at the ultradis-
tal radius in non-Hispanic white boys (P > .9). SSRIs, the 
5-HTTLPR genotype, and their interaction effect accounted 
for less than 3% of the variance in total vBMD. Moreover, 
post hoc analyses failed to show any significant differences 
between those treated with SSRIs and those not across the 

Figure 1. Differences in bone Mineral Density (bMD) in  
Non-Hispanic White Males taking or Not taking ssrIs  
as a Function of Genotypea,b

aThe figure illustrates differences in BMD in non-Hispanic white males 
with the ll (n = 29), ls (n = 40), and ss (n = 23) 5-HTTLPR genotypes 
depending on SSRI treatment status (n = 51 taking SSRIs vs n = 41 not 
taking SSRIs). 

bPost hoc analyses testing for effect of SSRIs within genotypes showed 
that, among carriers of the ls genotype, those who took SSRIs (n = 22) 
had lower areal BMD z score at the lumbar spine compared to those 
who did not take SSRIs (n = 19) (adjusted mean areal BMD = −0.17 
[SE = 0.18] vs 0.51 [SE = 0.21], P < .02). A comparable pattern was 
found in trabecular volumetric BMD (vBMD) at the ultradistal radius, 
although the difference did not reach statistical significance (n = 17 
vs n = 16, adjusted mean vBMD = 199.5 [SE = 9.3] vs 235.6 [SE = 9.6], 
P < .008).

Abbreviations: 5-HTTLPR = serotonin transporter–linked polymorphic 
region, l = long allele, s = short allele, SSRI = selective serotonin reuptake 
inhibitor.
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demographic and clinical characteristics of those receiving 
SSRIs at enrollment (n = 56, 52%) and those not. Participants 
prescribed SSRIs were more likely to have an internalizing 
disorder or a pervasive developmental disorder. SSRI-treated 
participants were also older and less physically active, prob-
ably signaling the increased prevalence of mood disorders 
and physical inactivity with age.24 The trend for prolactin 
concentration to be higher in the SSRI-treated participants 
is also likely to be the result of their older age.17
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different 5-HTTLPR genotypes (Figure 1C and Table 1). The 
results remained unchanged when the analysis included all 
the participants.

DISCUSSION

Findings from in vitro, animal, and clinical research, 
including work from our laboratory, have linked SSRIs to 
lower BMD.6,8,11,12 However, to our knowledge, ours is the 
first study, albeit cross-sectional, to examine whether a com-
mon, functional, variant of the serotonin transporter gene 
moderates this association in a clinical sample. We found 
partial support for our hypothesis that the short, and less 
transcriptionally active, allele of the 5-HTTLPR variants 
places those treated with SSRIs at a higher risk for reduced 
BMD. Although the finding was most prominent at the lum-
bar spine, a comparable effect was observed in the trabecular 
bone at the ultradistal radius.

Recent evidence has implicated the serotonin system in 
bone metabolism.11,26 In fact, various serotonin receptors, 
along with the serotonin transporter, have been shown to 
play an active role in different aspects of bone cell func-
tions.9,11,26 Moreover, this effect is inhibited when bone cells 
are treated with fluoxetine, a potent blocker of the serotonin 
transporter.26 In addition, studies in mice have confirmed 
the inhibitory effect of fluoxetine on bone mineralization by 
reducing bone formation and altering its architecture.12

In the elderly, a number of epidemiologic studies have 
found an association between SSRI use, lower BMD, and 
increased bone fracture, even after accounting for impor-
tant confounders.6 In youths, however, little is known about 
the potential effect of SSRIs on bone development. In a case  
series of 4 adolescents (ages 11.6 to 13.7 years), longitudinal 
growth was found to be significantly hindered by treatment 
with SSRIs, recovering after the discontinuation of the medi-
cation.27 In the one case in which the SSRI (fluoxetine) was 
restarted, nearly 18 months after it had been discontinued, 
longitudinal growth was suppressed again.27 In addition, 
in a multiphase, double-blind relapse prevention study in  
pediatric depression, youths receiving fluoxetine failed to 
grow in height at the same rate as those assigned to pla-
cebo. While this between-group difference was significant 
(P = .001) at the end of the initial 19-week phase of the 
study,14 it failed to reach statistical significance by the end 
of the medication discontinuation phase (week 51), likely 
due to lack of statistical power (following a 65% attrition; 
see author reply in Calarge and Kuperman13). Interestingly, 
this decline in longitudinal growth was accompanied by a 
significant reduction in alkaline phosphatase, a marker of 
osteoid formation, adding credence to the finding.14

In a smaller but overlapping sample with the present 
one, we have reported elsewhere that SSRI treatment was 
associated with lower bone mass at the lumbar spine and 
ultradistal radius.8 On the basis of evidence showing reduced 
BMD in mice lacking the serotonin transporter gene,12 we 
hypothesized that the s allele of the 5-HTTLPR variants 

would place carriers at a higher risk of having low bone mass 
when exposed to SSRIs, since this allele is less functionally  
active.15 As anticipated, we did find an interaction effect with 
ls genotype carriers being at the highest risk for low bone 
mass when treated with SSRIs. It is not clear why there was 
no significant effect of the ss genotype. It is worth noting, 
however, that others have found the ls heterozygote status to 
be associated with the poorest response to antidepressants, 
compared to the other genotypes.15,28

Since the extant clinical and epidemiologic studies,  
including ours, are observational, it is not possible to iso-
late the potential effect of SSRIs on BMD from that of the 
underlying psychiatric condition for which SSRIs were pre-
scribed.29 In fact, depression itself has been linked to low 
bone mass.30 However, the fact that SSRI treatment interacts 
with the 5-HTTLPR variants to affect bone mass suggests 
that this “confounding by indication” phenomenon might 
not fully account for the association between SSRIs and 
BMD. This would be consistent with the in vitro and ani-
mal research as well as the randomized trial of fluoxetine for 
relapse prevention in depressed youths cited earlier.6,12,14

While generating novel and intriguing findings, our 
study suffers from additional limitations. First, it involves 
youths treated with risperidone only, which itself can affect  
the serotonin system.31 However, since, by design, everyone 
received risperidone, this cannot fully explain our results. 
Nevertheless, it might be that SSRIs interacted with ris-
peridone and with the 5-HTTLPR variants to affect BMD. 
Second, while our hypothesis was based on the 5-HT trans-
porter blocking activity of SSRIs, the different SSRIs bind 
to a variety of 5-HT and non–5-HT receptors. To what 
extent other pathways mediate the effect of SSRIs on bone 
mineralization requires further research. Third, we mea-
sured BMD at only 2 sites. Thus, it is not known whether 
the treatment by genotype interaction effect impacts other 
skeletal sites. This is relevant since the temporal trajectory 
of bone mass accrual varies across different bone sites.32 
Fourth, our analyses were restricted to males, who were 
mostly non-Hispanic white. Fifth, we did not adjust the sta-
tistical significance level for the number of tests conducted. 
We felt this was justifiable due to the exploratory nature of 
this analysis and the moderate correlation (Pearson r > .34, 
P < .001) between BMD in the lumbar spine and ultradis-
tal radius. Finally, though this is one of the largest studies 
that have investigated the effect of psychotropic medica-
tions on bone mineralization in a clinical population, the 
sample size remains modest for a pharmacogenetic study. 
Thus, future studies should be larger, include females, have 
a larger representation of diverse ethnic/racial groups, and 
involve participants treated only with SSRIs and followed 
prospectively. They should also explore the potential inter-
action effect of the dose of SSRIs and 5-HTTLPR genotypes.  
Due to our limited statistical power, we did not conduct 
such analyses, although ls genotype carriers received a lower 
daily dose than those with the ss genotype (0.9 versus 1.7 
SSRI units, P < .003).
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Since many pediatric psychiatric conditions are chronic, 
it is now recognized that extended treatment is necessary 
to maintain remission and optimal functioning. Therefore, 
establishing the long-term safety of psychotropic medica-
tions in growing youths is imperative. If our finding that 
the 5-HTTLPR variants moderate the association between 
SSRIs and low bone mass is replicated in a prospective study, 
a substantial subgroup (those with the ll and ss genotypes) 
of children treated with this class of drugs might be able to 
take these medications with less concern about their skeletal 
development and future fracture risk. On the other hand, 
further research into best practices to monitor and optimize 
bone mass in ls genotype carriers initiating an SSRI would 
be indicated.
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