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Abstract

Background: The chronic use of antipsychotics has been associated with impaired bone mineralization, partially mediated by

hyperprolactinemia. We examined if calcium and vitamin D supplementation promote bone mineral accrual in boys with

risperidone-induced hyperprolactinemia.

Methods: Between February 2009 and November 2013, medically healthy, 5- to 17-year-old boys were enrolled in a 36-week

double-blind, placebo-controlled study, examining the skeletal effects of supplementation with 1250 mg calcium carbonate and 400

IU of vitamin D3 in risperidone-induced hyperprolactinemia. Anthropometric, dietary, physical activity, and psychiatric assess-

ments were conducted at baseline and week 18 and 36. Plasma prolactin and vitamin D concentrations were measured at baseline

and week 36. Total body less head bone mineral content (BMC) and radius trabecular bone mineral density (BMD) were measured

at baseline, week 18, and week 36, using dual-energy X-ray absorptiometry and peripheral quantitative computed tomography,

respectively. Linear mixed-effects regression analysis examined the longitudinal effect of treatment on skeletal outcomes.

Results: Forty-seven boys (mean age: 11.0 – 2.6 years) were randomized and 38 completed the study. At study entry, the

average dietary calcium intake was below the recommended limit, but the average vitamin D concentration was normal.

Calcium and vitamin D supplementation failed to significantly increase BMC or trabecular BMD. It also failed to affect

several other skeletal and anthropometric outcomes, including plasma vitamin D concentration.

Conclusions: In this 9-month long pilot study, supplementation with a modest dose of calcium and vitamin D did not increase

bone mass accrual in risperidone-treated boys with hyperprolactinemia. Alternative approaches should be investigated to optimize

bone health in this population to prevent future morbidity and premature mortality. ClinicalTrials.gov Identifier: NCT00799383.
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Introduction

Hyperprolactinemia often emerges at the onset of anti-

psychotic treatment, particularly for agents with potent dopa-

mine D2 receptor antagonist activity (Peuskens et al. 2014). Following

long-term use, prolactin concentration decreases, but it remains ele-

vated in a substantial minority of patients (Findling et al. 2003; Calarge

et al. 2009; Peuskens et al. 2014). This is especially true for risper-

idone, one of the second-generation antipsychotics most likely to in-

duce hyperprolactinemia (Findling et al. 2003; Calarge et al. 2009).

Hyperprolactinemia may disrupt gonadotropin-releasing hor-

mone pulsatility, impairing the release of luteinizing hormone and

follicle-stimulating hormone, causing amenorrhea in females

(Shibli-Rahhal and Schlechte 2009). This, in turn, can impair bone

mineralization, potentially resulting in osteopenia and osteoporosis

(Shibli-Rahhal and Schlechte 2009). In addition to the morbidity

associated with osteoporotic fractures, mortality is increased. This

is particularly relevant to patients with serious mental illness given

that their life expectancy is shorter by an estimated 10–15 years

( Jayatilleke et al. 2017). It suggests that efforts should be geared

toward preventive measures to promote healthier aging.

In children and adolescents, bone mass rapidly accrues, especially

during and after the growth spurt (Rauch and Schoenau 2001). A

number of studies have shown that short- and long-term treatment with

risperidone causes hyperprolactinemia in this age group (Findling

et al. 2003; Calarge et al. 2009). We have also shown, in a cross-

sectional study in children and adolescents, that prolactin concentra-

tion was inversely associated with trabecular bone mineral density

(BMD) at the ultradistal radius (Calarge et al. 2010). However, the

extent to which hyperprolactinemia might affect bone mineralization

in children and adolescents remains unclear given then, in a pro-

spective study, risperidone treatment was associated with failure to

accrue bone mass, independent of prolactin concentration (Calarge

et al. 2015a). This could reflect a pharmacological effect of the drug

Departments of 1Psychiatry and Behavioral Sciences and 2Pediatrics, Baylor College of Medicine, Houston, Texas.
Departments of 3Psychiatry, 4Pediatrics, and 5Internal Medicine, The University of Iowa, Iowa City, Iowa.

JOURNAL OF CHILD AND ADOLESCENT PSYCHOPHARMACOLOGY
Volume 28, Number 2, 2018
ª Mary Ann Liebert, Inc.
Pp. 145–150
DOI: 10.1089/cap.2017.0104

145



either directly on the bone or indirectly, through central pathways,

perhaps involving the autonomic nervous system (Calarge et al. 2013).

To determine whether the skeletal effects of risperidone could be

countered or reversed, we conducted a pilot study with calcium and

vitamin D3 (Ca+VitD) supplementation. Given that antipsychotics

are less often prescribed to girls and the prevailing view, at the time

the study was designed, was that hyperprolactinemia mediated the

skeletal effects of antipsychotics, we restricted enrollment to

risperidone-treated males with hyperprolactinemia. We hypothe-

sized that Ca+VitD supplementation would promote a larger in-

crease in whole-body bone mineral content (BMC) and trabecular

BMD at the ultradistal radius compared to placebo.

Methods

Participants: Between January 2009 and November 2013,

medically healthy 5- to 17-year-old risperidone-treated boys were

enrolled, through screening of the electronic medical records, re-

ferrals, and word of mouth. They were required to have been in

treatment with risperidone for at least 1 year to reduce the risk of

treatment discontinuation and ensure that hyperprolactinemia

would be chronic. Hyperprolactinemia was defined as a prolactin

concentration ‡18.4 ng/mL, confirmed on two occasions, within 1

week. Polypharmacy was allowed, but concurrent treatment with

antipsychotics other than risperidone led to exclusion. Patients with

chronic disorders involving a vital organ, metabolic diseases (e.g.,

growth hormone deficiency), skeletal diseases (e.g., Paget’s disease),

chronic use of drugs affecting bone metabolism (e.g., corticoste-

roids), a fasting random urine calcium/creatinine ratio >0.2 or a

history of nephrolithiasis, malnutrition (e.g., due to chronic diarrhea

and inflammatory bowel disease), congenital disorders, lead poi-

soning, bilateral wrist or forearm fractures, or eating disorders were

excluded. In addition, participants could not have been receiving

calcium or vitamin D supplementation, or multivitamins in the prior

3 months and they could not have any other medical condition that

contraindicates the use of calcium or vitamin D. Participants with

moderate to profound intellectual disability, with medication non-

adherence (as evidenced by an undetectable combined risperidone

and 9-hydroxy risperidone blood concentration), and those unable to

cooperate with the bone density scans or with plans to move out of

state within the following 9 months also could not enroll.

The study was approved by the local institutional review board.

After study description, written consent from parents or legal

guardians and assent from the participants were obtained.

Study design

The study included three phases: Phase 1 consisted of a baseline

screening phase to confirm inclusion and exclusion criteria and

measure prolactin concentration. If prolactin was ‡18.4 ng/mL, the

participants returned for Phase 2, within a week of completing the

screening phase. At that point, eligibility was reconfirmed and a

second prolactin level was obtained. If, again, it was ‡18.4 ng/mL,

participants were randomized to a 9-month period of supplementa-

tion with a total daily dose of 1250 mg calcium carbonate (equivalent

to 500 mg of elemental calcium) along with 400 IU of vitamin D3

(cholecalciferol) or to placebo. These doses were chosen to ensure

that the intake of these micronutrients met the reference daily intake

(Trumbo et al. 2002). Ca+VitD and placebo were packaged in

identical capsules by a compounding pharmacy, administered as one

capsule twice daily. Participants were randomized 1:1, following a

computer-generated sequence, and balanced by pubertal status (i.e.,

Tanner stage 1 vs. 2 to 5). Medication adherence was monitored by

pill count. Two weeks postrandomization, participants returned for

an in-person visit to measure, among other things, urinary calcium/

creatinine ratio. If the ratio was >0.2, the participants were removed

from the study due to concern about developing nephrolithiasis.

Participants were contacted by phone at weeks 6, 12, 24, and 30, at

which time their medical and psychiatric history were reviewed and

adherence to study protocol was assessed. Query about adverse events

were made. Participants returned for an in-person visit at weeks 18 and

36. Phase 3: at the completion of Phase 2, participants assigned to the

placebo arm were offered a 9-month open treatment with Ca+VitD.

Procedures

At study entry, participants underwent a physical examination.

Vital signs and anthropometric measures were obtained following

standard procedures at every in-person visit (Calarge et al. 2009).

The medical and pharmacy records were reviewed to document all

psychotropic treatments, including the start and stop date of each

drug as well as its dosage.

A best-estimate diagnosis, following the Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-

TR; American Psychiatric Association 2000), was generated based on

a review of the psychiatric record, supplemented by a standardized

interview of the parent using the Diagnostic Interview Schedule for

Children (Shaffer et al. 2000), the Child Behavior Checklist (Achen-

bach and Rescorla 2001), and a clinical interview conducted by a child

psychiatrist (C.A.C.).

The 2004 Block Kids Food Frequency Questionnaire was used to

estimate daily calcium and vitamin D intake during the prior week

(Block et al. 2000). Physical activity was assessed by asking the

parent to compare the child’s usual level of physical activity to their

peers’, using a 5-point Likert scale (Slemenda et al. 1991). Psychiatric

symptom severity was assessed using the Nisonger Child Behavior

Rating Form (Aman et al. 1996) and adverse events were assessed

using the UKU side effects rating scale (Lingjaerde et al. 1987).

Following the protocol described previously (Calarge et al. 2015a;

Calarge and Schlechte 2017), a peripheral quantitative computed

tomography (pQCT) scan was obtained at the 4% and 20% sites of

the nondominant radius to estimate trabecular and cortical BMD,

respectively. A Stratec XCT-2000 scanner, software version 6.0

(Stratec, Inc., Pforzheim, Germany), was used. Trabecular BMD was

measured as the mean density of the 85% central area of the bone’s

cross-section. pQCT scans with moderate to severe movement were

rejected. In addition, a Hologic QDR DELPHI-4500A DXA unit

(Hologic, Inc., Bedford, MA) or a Hologic Discovery A unit was

used to estimate total body less head (TBLH) BMC. The Hologic

software (APEX 4.0.1/13.4.1) determined total body lean and fat

mass. The package also includes an automated algorithm to estimate

visceral adipose tissue mass (VFat, grams) (Micklesfield et al. 2012).

For some scans, manual adjustment of the regions of interest was

necessary, as recommended by the manufacturer. The two DXA

units were cross-calibrated and quality control and calibration of the

equipment were performed daily. The bone density scans were ob-

tained at baseline, week 18, and week 36.

At baseline and week 36, a morning, fasting blood sample was

obtained to measure plasma prolactin and 25-OH-vitamin D by elec-

trochemiluminescence immunoassay (Abbott, Wiesbaden, Germany).

Data analysis

Body mass index (BMI) was computed as weight/height2 (kg/

m2), lean body mass index (LBMI) as lean mass/height2 (kg/m2),

and fat mass index (FMI) as fat mass/height2 (kg/m2), and age- and
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sex-specific Z-scores were generated (Ogden et al. 2002; Weber

et al. 2013). Age-sex-height-race-specific Z-scores for TBLH BMC

were generated following the bone mineral density in childhood

study (Zemel et al. 2011).

Differences between participants in the two treatment arms were

compared using the Student’s t-test or Wilcoxon rank-sum test for

continuous variables and Chi-square or Fisher’s exact test for cat-

egorical ones.

Linear mixed-effect regression examined the change, over time, in

the outcomes of interest as a function of the treatment arms (i.e.,

time · treatment arm interaction effect) (Verbeke and Molenberghs

2000). All models included adjustment for age (years) at study entry

and level of physical activity. Height (cm) was also included in the

VFat analysis to account for differences in body size. Participant-

specific random intercepts and slopes were used with an unstructured

covariance matrix. Duration of study participation was the time

metric in the analysis. Maximum likelihood methods were used for

estimation, which yield unbiased estimates under the assumption that

the missing data mechanism is ignorable (Little and Rubin 2002).

All hypothesis tests were two tailed with a significance level of

p < 0.05 and analyses utilized procedures from SAS version 9.4 for

Windows (SAS Institute, Inc., Cary, NC).

Results

Patient disposition

Of 121 risperidone-treated boys screened, 47 were randomized

(Fig. 1). There were no significant differences in age or duration of

risperidone treatment between participants who were randomized

compared to those who were excluded for not having hyperprolacti-

nemia. However, randomized participants were receiving a higher

daily dose of risperidone (2.2 – 1.8 vs. 1.4 – 1.0, p = 0.0001) and, by

design, had higher prolactin concentration (31.6 – 12.7 vs. 15.6 – 9.5,

p < 0.0001). With regard to DSM-IV-TR disorders, the two groups

were comparable except for anxiety disorders, which were more

prevalent in the randomized participants (51.1% vs. 29%, p < 0.02).

Compared to those randomized to placebo, participants ran-

domized to Ca+VitD had more adipose tissue, a higher likelihood

of having a tic disorder, and higher daily intake of vitamin D at

study entry (Table 1). However, plasma vitamin D concentration

did not differ between the two groups.

At week 2 postrandomization, two participants (one on placebo)

were removed from the study due to a urinary calcium/creatinine ratio

>0.2 and another seven participants dropped out of the study pre-

maturely (Fig. 1). Adherence to the assigned treatment was compa-

rable across the two groups (85.9– 15.1 vs. 85.6 – 17.2, p > 0.70).

Psychiatric symptoms and tolerability

No significant differences in the severity of psychiatric symp-

toms were evident at study entry or by study end.

The UKU side effects rating scale queries about 48 symptoms.

We added two, one about bloating and one about stomach aches,

FIG. 1. Consolidated standards of reporting trials diagram
showing participant allocation and attrition. Ca+VitD, calcium
and vitamin D3; d/c, discontinued; d/t, due to.

Table 1. Demographic and Clinical Characteristics

of the Participants (Mean – Standard Deviation,

Unless Noted Otherwise)

Placebo,
n = 24

Ca+VitD,
n = 23 p

Age, years 12.1 – 3.0 10.8 – 3.0 >0.10
Tanner stage (%)

I/II/III/IV/V 48/13/0/22/17 43/22/9/13/13 >0.60
Race/ethnicity, n (%) >0.10

White 19 (79) 19 (86)
African American 5 (21) 1 (5)
Hispanic 0 2 (9)

BMI Z-score 0.25 – 1.05 0.89 – 0.81 <0.04
Physical activity 2.5 – 1.1 2.6 – 1.4 >0.60

Daily calcium intake, mg
At study entry 888 – 326 1071 – 367 <0.06
At study completion 970 – 409 1000 – 496 >0.20

Daily vitamin D intake, IU
At study entry 196 – 85 237 – 106 <0.03
At study completion 205 – 107 204 – 87 >0.80

Vitamin D concentration, ng/mL
At study entry 31.2 – 11.6 31.9 – 11.9 >0.80
At study completion 31.2 – 35.5 35.5 – 18.0 >0.70

Vitamin D status, n (%) >0.80
Normal, ‡30 ng/mL 13 (54) 13 (57)
Borderline, 20–30 ng/mL 7 (29) 5 (22)
Deficient, <20 ng/mL 4 (17) 5 (22)

Prolactin, ng/mL
At study entry 30.1 – 9.0 33.0 – 15.4 >0.80
At study completion 30.3 – 16.3 30.0 – 19.1 >0.90

Psychiatric characteristics, n (%)
ADHD 23 (96) 22 (96) 1.00
Disruptive behavior

disorder
23 (96) 22 (96) 1.00

Anxiety disorder 10 (42) 14 (61) >0.10
Autism spectrum disorder 4 (17) 6 (26) >0.40
Tic disorder 0 4 (17) <0.05
Psychostimulant use 19 (79) 17 (74) >0.60
SSRIs 9 (38) 12 (52) >0.30

Daily risperidone dose, mg
At study entry 2.1 – 1.0 2.1 – 1.3 >0.70
At study completion 2.3 – 1.4 2.5 – 1.6 >0.70

Risperidone treatment
duration, years

3.8 – 2.1 2.7 – 2.0 <0.05

Significant results ( p < 0.05) are bolded and marginally significant
results ( p < 0.10) are bolded and italicized.

ADHD, attention-deficit/hyperactivity disorder; BMI, body mass index;
Ca+VitD, calcium and vitamin D3; SSRIs, selective serotonin reuptake
inhibitors.
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given that these adverse events have been reported following the

use of calcium or vitamin D. Of these symptoms, only one, psychic

dependence, significantly worsened during the course of the study

in participants receiving Ca+VitD compared to placebo (47% vs.

13%, p < 0.04). There was a trend for the symptom related to

physical dependence to also have worsened more in the Ca+VitD

group (42% vs. 12%, p < 0.07). In particular, nausea/vomiting,

stomach ache, bloating, diarrhea, and constipation were equally

likely to occur in one group versus the other (all p-values >0.20).

Primary outcomes

Table 2 summarizes the baseline skeletal and anthropometric

characteristics of the participants. After adjusting for age at study entry

( p > 0.30), physical activity (b = 0.23– 0.09, p < 0.02), and LBMI

Z-score (b = 0.15– 0.07, p < 0.05), the effect of treatment assignment

over time on TBLH BMC Z-score was not significant [time (in

month) · treatment assignment interaction effect: b = 0.0062 – 0.0807,

p > 0.90; Fig. 2]. The effect size of the change in TBLH BCM Z-score

was quite small (Cohen’s d = 0.14). Similarly, after adjusting for age at

study entry ( p > 0.10), physical activity ( p > 0.10), and forearm length

( p > 0.90), the effect of treatment assignment on trabecular BMD was

not significant (interaction effect: b = -4.8 – 5.6, p > 0.30).

Secondary outcomes

Change over time in bone strength index, cortical BMD, cortical

thickness, periosteal and endosteal circumference, and polar sec-

tion modulus as a result of the intervention was also not significant,

after adjusting for the relevant variables (all time · treatment as-

signment interaction effect p-values >0.10).

Supplementation with calcium and vitamin D was not associated

either with an increase in daily intake of calcium or vitamin D (all

time · treatment interaction effect p-values >0.20). It also failed to

increase vitamin D plasma concentration, even after accounting for

treatment adherence ( p > 0.40). We also could not find an effect of

the intervention on BMI, FMI, or LBMI Z-scores or on visceral fat

mass ( p > 0.10).

Discussion

Concerns have been raised about the detrimental effects of long-

term risperidone treatment on bone mass (Calarge et al. 2013, 2015a).

Thus, in this pilot study, we aimed to examine whether calcium and

vitamin D would promote bone mineralization in boys with risperidone-

induced hyperprolactinemia. We failed to find a significant effect.

Bone mass appears to be impaired in several psychiatric conditions,

including major depressive disorder, schizophrenia, and autism

spectrum disorder (Wu et al. 2010; Calarge et al. 2014; Chen et al.

2016; Calarge and Schlechte 2017; Neumeyer et al. 2017). This

could heighten the risk for osteoporosis with its known morbidity

and mortality, and increased medical expenditure. A number of

mechanisms have been proposed, such as hypercortisolemia, re-

lated to overactivity of the hypothalamic-pituitary-adrenal axis,

subclinical inflammation, and activation of the sympathetic ner-

vous system. Lifestyle factors have also been implicated, including

Table 2. Baseline Skeletal and Anthropometric Measures (Unadjusted) Split Based on Treatment

Assignment (Mean – Standard Deviation)

Placebo, n = 24 Ca+VitD, n = 23 p

Dual-energy X-ray absorptiometry-based measures
TBLH BMC 1259 – 648 1035 – 483 >0.20
TBLH BMC Z-score 0.12 – 0.68 0.10 – 0.79 >0.80
FMI Z-score 0.28 – 0.77 0.79 – 0.64 <0.04
Lean mass index Z-score -0.79 – 0.88 -0.53 – 0.79 >0.30
Visceral fat mass, g 219 – 103 242 – 93 >0.20

pQCT-based measures
Trabecular bone mineral density, mg/cm3 197.2 – 43.9 192.9 – 31.1 >0.90
Strength index, mg2/mm4 25.3 – 15.9 19.8 – 8.1 >0.50
Cortical bone mineral density, mg/cm3 1063.2 – 30.6 1059.6 – 34.8 >0.90
Cortical thickness, mm 2.3 – 0.5 2.2 – 0.3 >0.90
Periosteal circumference, mm 32.4 – 5.4 30.1 – 4.3 >0.20
Endosteal circumference, mm 17.7 – 3.6 16.0 – 3.4 >0.10
Polar section modulus, mm3 156.2 – 76.6 123.8 – 53.6 >0.20

At the 4% radius site, 21 placebo and 22 Ca+VitD participants had useable pQCT data, while at the 20% radius site, 20 and 18 participants,
respectively, had useable data. Age-sex-height-race-specific Z-scores for TBLH BMC were generated following the bone mineral density in childhood
study. Significant results ( p < 0.05) are bolded.

BMC, bone mineral content; BMI, body mass index; Ca+VitD, calcium and vitamin D3; FMI, fat mass index; pQCT, peripheral quantitative computed
tomography; TBLH, total body less head.

FIG. 2. Change in sex-age-height-race-specific total body less
head bone mineral content Z-score over the study course, across
calcium and vitamin D treatment arm versus placebo. Ca+VitD,
calcium and vitamin D3.
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smoking, alcohol use disorder, physical inactivity, and unhealthy

dietary intake (Weaver et al. 2016). In addition, psychotropics are

thought to contribute both directly as well as indirectly (Warden

et al. 2010; Calarge et al. 2013). In fact, many medications can

affect serotoninergic signaling with the potential to alter bone

metabolism through both peripheral and central pathways (Ortuno

et al. 2016). Moreover, antipsychotics, in particular, promote pro-

lactin secretion, given their antidopaminergic activity. This, in turn,

can cause hypogonadism and reduce bone mass. These medications

can also induce sedation and apathy, further impeding physical

activity. In fact, we have reported elsewhere that both risperidone-

induced hyperprolactinemia and the use of selective serotonin re-

uptake inhibitors (SSRIs) are associated with lower bone mass in a

group of children and adolescents very comparable to the current

participants (Calarge et al. 2010). In contrast, psychostimulants

were not (Calarge et al. 2015b). However, over time, SSRIs ap-

peared not to lead to further decline in bone mass, while risperidone

did, independent of prolactin concentration (Calarge et al. 2015a).

Of interest, in a more recent longitudinal study in older adolescents

treated only with SSRIs (without antipsychotics), SSRI treatment in

males was associated with a reduction in BMC at the lumbar spine,

but not in TBLH BMD (Calarge et al. 2017).

The skeletal effects of psychopathology and psychotropics are

especially important to address in children and adolescents, given

that this period of development is critical for bone mass accrual,

that peak bone mass is a major predictor of bone mass and osteo-

porosis risk later in life, and that failure to accrue bone mass early

in life cannot be compensated for later on (NIH Consensus

Development Panel on Osteoporosis Prevention, Diagnosis, and

Therapy 2001). As a result, we aimed to optimize bone mass with a

relatively benign intervention. The failure to find an effect, despite

good adherence to the assigned treatment, may reflect one of sev-

eral possibilities. First, the dose of calcium and vitamin D chosen

may have been too low. In our previous work in a comparable

clinical sample, we had found that the dietary intake of calcium

(*1040 mg/day) was below the recommended intake of 1300 mg/

day, but vitamin D intake was adequate (*270 IU consumed daily,

compared to the recommended 200 IU/day) (Trumbo et al. 2002).

Thus, the doses of calcium carbonate and vitamin D we provided

were meant to bring calcium intake slightly above the recommended

level and ensure that every participant will be receiving a sufficient

dose of vitamin D. This was indicated given that the study was con-

ducted in northern United States, where exposure to the sun is limited

during the cold months, potentially impacting vitamin D concentration

(Rosecrans and Dohnal 2014). Second, it may be that the doses we used,

although bringing intake up to the recommended level, may have still

been insufficient to counteract the deleterious effect of psychopathol-

ogy and/or psychotropics. Alternatively, it is possible that the 9-month

duration of the trial was insufficient to observe an impact. However,

calcium supplementation studies have shown that the largest increase in

bone mass occurs within the first 6 months of the intervention (Win-

zenberg et al. 2006). Finally, it may be that the pathophysiological

processes impairing bone mineralization in this case are unrelated to

and not influenced by calcium or vitamin D, particularly when their

intake is not significantly deficient to begin with. All these hypotheses

should be explored in future studies. Until then, care should be taken to

not overprescribe vitamin D supplements, in light of recent evidence

linking excessive use (e.g., single annual dose of 500,000 IU of cho-

lecalciferol) to increased fracture risk (Sanders et al. 2010).

This study suffers from several limitations. First, the majority of

the participants had normal vitamin D concentration. This is sur-

prising, given that the study was conducted in the upper Midwest,

perhaps reflecting unmeasured characteristics of the study population

(e.g., interest in this type of research or extreme hyperactivity leading

to increased involvement in outdoor activities and sun exposure). At

any rate, it is not clear whether the intervention would have proven

more effective had it been restricted to those with vitamin D defi-

ciency or had we used a higher dose of calcium and vitamin D. In

addition, the sample size was quite limited in this pilot study, making

it underpowered to meet its primary aims. However, the difference

between the two treatment arms in bone mineral accrual over the

course of the study was negligible (Fig. 2) and the effect size was

small. We divided the group (and balanced randomization) based on

whether the participant started pubertal development or not (Win-

zenberg et al. 2006). Whether restricting the trial to participants

within a narrower range of pubertal stage would have yielded dif-

ferent results is unknown. Another limitation is that we only sup-

plemented calcium and vitamin D. However, other micronutrients

(e.g., vitamin E, phosphorus, and magnesium) are necessary for

normal bone mineralization. Finally, we excluded females given that

antipsychotics are more often prescribed to males and given the

substantial sex differences in bone mineral accretion. To what extent

our findings might extend to females requires independent investi-

gation. Overall, future studies seeking to investigate whether sup-

plementation optimizes bone mineralization in antipsychotic-treated

patients should consider stratifying by the nutritional status of the

micronutrient of interest (i.e., deficient vs. not), using doses larger

than the reference daily intake, and including more participants with a

diverse sex and racial/ethnic composition.

Conclusions

In sum, in this 9-month long pilot study, supplementation with a

modest dose of calcium and vitamin D did not significantly increase

bone mass accrual in risperidone-treated boys with hyperprolactinemia.

Clinical Significance

Given the potential effect of osteoporosis on morbidity and

mortality, future research should continue to disentangle the effect

of psychopathology from that of psychotropics on bone minerali-

zation in children and adolescents. Moreover, alternative ap-

proaches should be investigated to optimize bone health in this

population to prevent further morbidity and premature mortality.
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