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Abstract Horse-racing jockeys are a group of weight-

restricted athletes, who have been suggested as undertaking

rapid and extreme weight cycling practices in order to

comply with stipulated body-mass standards. The aim of

this study was to examine bone mass, turnover and endo-

crine function in jockeys and to compare this group with

age, gender and body mass index matched controls.

Twenty male professional jockeys and 20 healthy male

controls participated. Dual energy X-ray absorptiometry

scans and early morning fasting blood and urine samples

were used to measure bone mass, turnover and a hormonal

profile. Total body bone mineral density (BMD) was sig-

nificantly lower in jockeys (1.143 ± 0.05 vs. 1.27 ± 0.06

g cm-3, p \ 0.01). Bone resorptive activity was elevated

in the jockey group as indicated by significantly higher

urinary NTx/creatinine (76.94 ± 29.52 vs. 55.9 ± 13.9

nmol mmol-1, p \ 0.01), resulting in a significantly neg-

ative uncoupling index between bone resorption and for-

mation. Sex hormone binding globulin (SHBG) levels were

significantly higher in jockeys (41.21 ± 9.77 vs. 28.24 ±

9.98 nmol L-1, p \ 0.01) with a lower percentage of bio-

available testosterone (48.89 ± 7.38 vs. 59.18 ± 6.74 %,

p \ 0.01). SHBG and insulin-like growth factor-1 were

independent predictors of total body and femoral neck

BMD, respectively (p \ 0.05). In conclusion, it appears

that professional jockeys have an elevated rate of bone loss

and reduced bone mass that appears to be associated with

disrupted hormonal activity. It is likely that this may have

occurred in response to the chronic weight cycling habit-

ually experienced by this group.

Keywords Jockeys � Energy restriction � Bone �
Testosterone

Introduction

Professional jockeys are a group of weight-category ath-

letes who engage in a lifestyle of extreme and chronic

weight cycling, partaking in acute and severe weight-loss

strategies on a regular basis [1–3]. Instead of competing in

a specific weight category they must align their body mass

with that assigned to the horse they ride in each race.

Therefore, these athletes must be prepared to vary their

body mass between 52.7 and 64 kg for flat jockeys and

between 62 and 76 kg for national hunt jockeys. Flat

jockeys compete in races of 5–20 furlongs (1 fur-

long = 0.201 km) and consist of a run with no obstacles.

National hunt races are at least 3.2 km long, throughout

which the horse must jump a number of obstacles. Jockeys

may compete in as many as 5–7 races per day, over a

protracted season lasting 10–12 months, thus having little

respite from the physiological strain of ‘‘making weight’’

for competition. Research has suggested that aspects of

both physiological and osteogenic function may be affected
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by the life of chronic weight cycling habitually experienced

by these athletes [1, 4].

Previous research suggests that jockeys have reduced

bone mass, a finding which was based on DXA derived

T scores [3, 4]. Recent data showed markedly lower bone

mass in a group of jockeys when compared to an age,

gender and body mass index (BMI) matched control group

[5]. Lean mass was the primary predictor of bone mass in

this study, supporting the suggestion of an allometric

relationship between these compartments of body compo-

sition [6]. Bone mass was, however, disproportionately low

in comparison to lean mass in the flat jockey group, sug-

gesting that additional metabolic or systemic influences

may be present which affected bone mass in this jockey

group [7]. It is thought that hormonal systems involved in

growth and reproduction may be disrupted in times of low

energy availability, in an attempt to conserve energy for

more immediate and essential processes [8–11]. Hormones

such as testosterone, IGF-1, cortisol and vitamin D may all

be down-regulated in times of energy deficiency. All of

these agents are known to exert varying degrees of control

on bone metabolism, both directly via receptor-ligand

binding and indirectly through an associated impact on

muscular forces and loads [12]. It was hypothesized that a

downregulation of hormonal systems such as these, in

response to chronically low energy availability [1] may

have a role to play in the low bone mass reported in

jockeys. Limited information is available, however,

regarding endocrine function in jockeys, particularly as it

pertains to bone health and development. Accordingly, the

aim of the current study was to measure bone mass, turn-

over and endocrine function in a group of professional

jockeys to confirm previous suggestions of abnormally low

bone mass and to identify potential endocrine causal

mechanisms of this phenomenon.

Materials and methods

Research design overview

Twenty jockeys and 20 age, gender and BMI matched

physically active controls participated in this study. All

participants were recruited on a volunteer basis following a

screening procedure. All participants provided written

informed consent prior to participation in this study. Eth-

ical approval for this study was granted by the Dublin City

University Research Ethics Committee. Exclusion criteria

for this study included any participant with a medical

condition or on any medication known to affect either bone

health or metabolic function, or anyone who reported

having fractured a bone within the previous 12 months.

Selection was restricted to male jockeys currently holding a

full-time racing license. Selection of control subjects was

restricted to healthy males who were recreationally active

but did not engage in regular physical training for any

particular sport.

Blood and urine sampling and analysis

Early morning fasted blood samples were acquired via

single venous puncture. Serum was separated and stored at

-80 �C until analysis. Urine samples were taken from the

second morning void. Albumin, calcium, alkaline phos-

phatase, creatinine, inorganic phosphorous and magnesium

were analysed on the Beckman AU5400 analyser (Beck-

man Coulter, Ireland). Serum 25(OH) D levels were mea-

sured using a commercially available competitive

radioimmunoassay kit (Diasorin, Stillwater, USA).

Reagents used in conjunction with the ion-selective elec-

trode module of Beckman AU5400 analysers were used for

the quantitative determination of the electrolytes: sodium

(Na?), potassium (K?) and chloride (Cl-) (Beckman

Coulter, Ireland). Cortisol, free thyroxine (free T4), follicle

stimulating hormone (FSH), luteinising hormone (LH) and

thyroid stimulating hormone (TSH) were analysed using a

paramagnetic particle chemiluminescent immunoassay on

the Beckman DxI immunoassay system (Beckman Coulter,

Ireland). Serum total procollagen type 1 amino terminal

propeptide (P-1NP) was analysed by immunoassay on an

ELECSYS 2010 analyser (Roche Diagnostics, Ireland).

Testosterone was measured by solid phase radioimmuno-

assay (Spectria, Orion Diagnostica, Finland). Sex hormone

binding globulin (SHBG) was measured by solid phase two

site chemiluminescent immunometric assay (Immulite

2000, Siemens, USA). Insulin-like growth factor-1 (IGF-1)

was measured using a commercially available ELISA kit

(R&D Systems Inc, Abingdon, UK). Cross linked N-te-

lopeptides of type 1 collagen (NTx) was measured in the

urine using an Osteomark EIA kit on an Etimax analyser

(Claymon Biomnis Laboratories, Dublin, Ireland). Assay

values were corrected for urinary dilution by urinary cre-

atinine analysis. Creatinine concentration was measured by

a kinetic Jaffe method. Urinary NTx/creatinine was

expressed in nanomoles of bone collagen equivalents/liter

per millimole creatine/liter. An ‘‘uncoupling index’’

between the two markers of bone turnover (serum P1NP

and urinary NTx for bone formation and resorption,

respectively) was calculated using the formula suggested

by Proteau et al. [13]. The Z score for resorption was

subtracted from that of formation in order to establish the

overall state of bone turnover. A negative score was taken

to indicate a bone resorptive state, while a positive score

suggests an overall state of bone formation [13]. Free (FT)

and bioavailable testosterone (BAT) were calculated

according to previously described equations [14].
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Bone mass and body composition

Bone mass of the total body, lumbar spine (L2–4) and

femoral neck were determined in all participants by dual

energy X-ray absorptiometry (DXA) scanning using the

GE Lunar Prodigy Advance Scanner (GE Medical Sys-

tems, UK). Bone mineral density (BMD) was reported as

grams of absolute bone mineral content (BMC) per cm2 of

projected bone area (BA). Bone mineral apparent density

(BMAD) was calculated to provide an estimation of vol-

umetric bone density (g cm-3), using previously described

equations [15, 16]. In addition, BMC was calculated in

accordance with differences in height and lean mass as

previously described [17, 18]. This was done in order to

examine the proportionality of the allometric relationships

which exist between these variables and to provide addi-

tional information as to the causes of the differing amounts

of bone mass. The relative contributions of fat and lean

mass were extrapolated from the results of the total body

scan. Height and body mass were measured in a standing

position wearing minimal clothing following standardized

procedures. BMI, fat mass index (FMI) and lean mass

index (LMI) were calculated as weight in kilograms (kg)

divided by height in meters squared (kg m-2).

Statistical analysis

All data were analysed using SPSS for Windows, version

17. Normality of data distribution was determined using the

Shapiro–Wilk test. Differences between the groups were

identified using an independent samples t test or Mann–

Whitney U test depending on data distribution. Variables

were then entered into a bivariate correlation analysis so to

determine whether any significant relationships existed

between the variables. Pearson’s product moment was used

to determine the strength of the relationship between

variables. General linear modelling using a univariate

analysis of covariance (ANCOVA) was then used to

identify significant covariates to each of the bone mass

variables (i.e. BMD, BMC and BA of the total body,

lumbar spine and femoral neck). Covariates identified by

this analysis were taken to be those variables which had a

significant influence on the dependent variable in question.

Group was included as a fixed factor in this analysis and

any variable previously identified as having a significant

association with each of the bone mass variables was

included as a potential covariate. Variables identified as

being significant covariates to each of the bone mass

variables were then entered stepwise into a linear regres-

sion model. This model was used to identify the relation-

ship between the significant covariates which best

explained or predicted the behaviour of the dependent

variables (i.e. the bone mass variables). Regression

equations and R2 values were generated from the results of

this model. All variables were entered into the correlational

and predictive analyses in their log transformed state.

Results

Descriptive data

All descriptive data and anthropometric characteristics are

presented in Table 1. Differences between the groups

reached significance for height, body mass, fat and lean

mass. Groups had comparable levels of body mass and lean

mass when assessed relative to height (BMI and LMI).

Bone mass and turnover

All indices of bone mass are presented in Table 2. Com-

pared to the controls, jockeys had significantly lower BMD,

bone mineral concentration and bone area at all measured

sites. Calculation of BMAD showed that the jockey group

had significantly lower lumbar spine (L2–4) but not fem-

oral neck BMAD. Bone mass results were then calculated

in accordance with differences in height and lean mass, in

order to identify underlying causal mechanisms for the low

bone mass results reported in the jockeys group. Significant

differences between the groups were removed when BMC

was adjusted for height (g cm-3), showing that a degree of

the variation in bone mass may be accounted for by dif-

ferences in height between the groups. Significant differ-

ences were, however, shown between the groups in relation

to total body and lumbar spine BMC expressed relative to

lean mass (g kg-1), suggesting additional underlying sys-

temic or metabolic causes of low bone mass in the jockey

group.

Table 1 Anthropometric and body composition information

Jockeys (n = 20) Controls (n = 20)

Age (years) 25.9 ± 3.26 23.9 ± 3.36

Height (m) 1.7 ± 0.07 1.78 ± 0.06**

Body mass (kg) 61.1 ± 5.4 69.5 ± 6.7**

BMI (kg m-2) 21.36 ± 1.8 21.99 ± 1.62

Lean mass (kg) 52.53 ± 5.2 57.48 ± 6.01**

LMI (kg m-2) 18.33 ± 1.46 18.2 ± 1.51

Fat mass (kg) 6.84 ± 3.63 9.28 ± 2.97*

FMI (kg m-2) 2.41 ± 1.37 2.94 ± 0.9*

% Body fat 11.4 ± 5.6 13.9 ± 4*

Data presented as mean ± SD

BMI body mass index, LMI lean mass index, FMI fat mass index

* p \ 0.05, ** p \ 0.01
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Control participants showed a greater absolute bone area

in terms of cm2. Calculation of bone area relative to height,

however, showed that the jockey group had a greater bone

area per m2 of height than did the control participants,

showing that the jockeys had wider bones relative to height

than their control counterparts.

Markers of bone turnover, along with micronutrient and

electrolyte information are presented in Table 3. Bone

resorption was shown to be elevated in the jockey group as

evidenced by significantly increased urinary NTx and NTx/

creatinine. In addition calculation of an uncoupling index

(UI) between markers of bone formation and resorption

showed that the value of the UI was significantly greater in

the control group. The negative value of the UI in the

jockey group indicated a bone metabolic balance in favour

of a bone resorptive state, while the reverse appeared to be

true of the control group. No differences were shown in

serum concentrations for any of the analysed micronutri-

ents or electrolytes. It has been suggested that individuals

should be identified as vitamin D deficient at a 25 (OH) D

level of 50 nmol L-1 [19]. Mean serum 25(OH) D levels

were below this recommended threshold in the jockey

group, however, this finding was not shown to be statisti-

cally significant and subsequent analysis revealed 25 (OH)

D levels to be unrelated to bone mass at any site.

Endocrine information

Hormonal data are presented in Table 4. SHBG was sig-

nificantly elevated in the jockey group (p \ 0.01), a

finding which caused a subsequent reduction in the per-

centage of total testosterone available in its biologically

active free or bioavailable form (p \ 0.01). Correlational

and predictive analyses identified SHBG as one of the

primary independent predictors of total body and lumbar

spine BMD available (Tables 5, 6). Lower IGF-1 levels

were identified in the jockey group (p = 0.07) and IGF-1

was shown to be independently predictive of femoral neck

BMD and BMC (Table 6). A positive correlation was

identified between SHBG and the bone resorption marker

urinary NTx (r = 0.341, p = 0.036) and between IGF-1

and the bone formation marker serum P1NP (r = 0.347,

p = 0.030). Luteinising hormone (LH), although not

significantly different between the groups, showed a sig-

nificantly negative association (p \ 0.05) with L2–4

BMD, L2–4 BMC and femoral neck BMC, with r values

of -0.488, -0.380 and -0.326, respectively. Table 5

shows all partial correlations of measured indices with the

bone mass variables and significant covariates of each as

assessed through general linear modelling. Predictive

equations generated using the results of the stepwise lin-

ear regression model and associated R2 values are pre-

sented in Table 6.

Table 2 Bone mass information

Jockeys (n = 20) Controls (n = 20)

Total BMD (g cm-2) 1.134 ± 0.05 1.27 ± 0.06**

Total BMC (g) 2638 ± 285 3121 ± 346**

BMC: head (g) 2183 ± 256 2645 ± 314**

Total BA (cm2) 2320 ± 176 2458 ± 201*

BA: head (cm2) 2091 ± 166 2227 ± 193*

BMC/ht3 (g cm-3) 543 ± 36 556 ± 44

BA/ht2 (cm2 m-2) 809 ± 31 778 ± 39**

L2–4 BMD (g cm-2) 1.11 ± 0.08 1.28 ± 0.12**

L2–4 BMC (g) 49.68 ± 7.57 61.74 ± 9.93**

L2–4 BA (cm2) 44.58 ± 5.14 48.05 ± 4.76*

L2–4 BMAD (g cm-3) 0.137 ± 0.01 0.149 ± 0.02**

FN BMD (g cm-2) 1.06 ± 0.098 1.15 ± 0.13*

FN BMC (g) 5.55 ± 0.69 6.25 ± 0.72**

FN BA (cm2) 5.22 ± 0.35 5.45 ± 0.3*

FN BMAD (g cm-3) 0.39 ± 0.04 0.405 ± 0.04

TB BMC/LM (g kg-1) 50.3 ± 3.6 54.3 ± 3**

L2–4 BMC/LM (g kg-1) 0.95 ± 0.13 1.08 ± 0.14**

FN BMC/LM (g kg-1) 0.105 ± 0.01 0.109 ± 0.01

Data presented as mean ± SD

BMD bone mineral density, BMC bone mineral content, BA bone

area, BMAD bone mineral apparent density, FN femoral neck, BMC/
LM bone mineral content/lean mass

* p \ 0.05, ** p \ 0.01

Table 3 Markers of bone turnover and micronutrients

Jockeys

(n = 20)

Controls

(n = 20)

Urinary creatinine (mmol L-1) 18.89 ± 6.88 17.65 ± 8.57

Urinary NTx (nmol L-1) 1465 ± 778 959 ± 454*

Urinary NTx/creatinine

(nmol mmol-1)

76.94 ± 29.52 55.9 ± 13.9**

Serum P1NP (ng mL-1) 88.62 ± 46.69 88.77 ± 31.42

Uncoupling index (NTx) -0.35 ± 0.88 0.37 ± 0.96*

Uncoupling index

(NTx.creatinine-1)

-0.34 ± 0.81 0.41 ± 0.97*

Serum creatinine (lmol L-1) 76.24 ± 10.78 81.04 ± 10.32

Alkaline phosphatase (U L-1) 84.36 ± 26.33 77.07 ± 23.23

Calcium (mmol L-1) 2.53 ± 0.12 2.46 ± 0.11

Corrected calcium (mmol L-1) 2.39 ± 0.08 2.35 ± 0.08

PO4 (mmol L-1) 1.23 ± 0.19 1.26 ± 0.18

Magnesium (mmol L-1) 0.88 ± 0.05 0.87 ± 0.07

Sodium (mmol L-1) 141.5 ± 5.7 140.2 ± 4.5

Chloride (mmol L-1) 104.2 ± 4.3 103 ± 3.3

25 (OH) D (nmol L-1) 43.9 ± 15.5 52.4 ± 20.3

Data presented as mean ± SD

* p \ 0.05, ** p \ 0.01
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Table 4 Endocrine data

Jockeys

(n = 20)

Controls

(n = 20)

Testosterone (nmol L-1) 26.48 ± 5.19 24.03 ± 5.27

SHBG (nmol L-1) 41.21 ± 9.77 28.24 ± 7.98**

Free testosterone (nmol L-1) 0.512 ± 0.114 0.571 ± 0.141

Bioavailable testosterone

(nmol L-1)

12.87 ± 2.99 14.36 ± 3.44

Free testosterone (%) 1.94 ± 0.27 2.35 ± 0.32**

Bioavailable testosterone (%) 48.89 ± 7.38 59.18 ± 6.74**

FT4 (pmol L-1) 10.89 ± 2.08 10.81 ± 1.85

TSH (mIU L-1) 1.97 ± 0.79 2.02 ± 0.72

LH (mIU L-1) 5.69 ± 2.96 4.99 ± 2.99

FSH (mIU L-1) 4.99 ± 2.67 4.37 ± 2.5

Albumin (g L-1) 46.2 ± 2.87 45.18 ± 1.95

IGF-1 (ng mL-1) 15.03 ± 5.36 18.69 ± 7.01*

Cortisol (nmol L-1) 471.15 ± 143.87 484.25 ± 101.04

Data presented as mean ± SD

SHBG sex hormone binding globulin, FT4 free thyroxine, TSH thy-

roid stimulating hormone, LH luteinizing hormone, FSH follicle

stimulating hormone, IGF-1 insulin like growth factor-1

* p \ 0.05, ** p \ 0.01, *p approaching significance (p = 0.07)

Table 5 Bivariate correlations and covariates with bone mass variables

Dependent variables Associated variables (p \ 0.05)

Total body BMD

(g cm-2)

Height (r = 0.687); lean mass (r = 0.653); fat mass (r = 0.462); SHBG (r = -0.499); % free testosterone

(r = 0.509); % bioavailable testosterone (r = 0.483)

Covariates (p \ 0.05) Group; lean mass; SHBG

Total body BMC (g) Height (r = 0.860); lean mass (r = 0.848); fat mass (r = 0.394); triglycerides (r = 0.389); SHBG (r = -0.419); %

free testosterone (r = 0.415); % bioavailable testosterone (r = 0.441)

Covariates (p \ 0.05) Height; lean mass; fat mass; SHBG (p = 0.054)

Total body BA (cm2) Height (r = 0.842); lean mass (r = 0.850)

Covariates (p \ 0.05) Height; lean mass; group 9 lean mass

L2–4 BMD (g cm-2) Height (r = 0.570); lean mass (r = 0.515); fat mass (r = 0.382); SHBG (r = -0.499); % free testosterone (0.509);

% bioavailable testosterone (r = 0.483)

Covariates (p \ 0.05) Lean mass; SHBG

L2–4 BMC (g) Height (r = 0.796); lean mass (r = 0.636); SHBG (r = -0.363); % free testosterone (r = 0.360); % bioavailable

testosterone (r = 0.353)

Covariates (p \ 0.05) Group; height

L2–4 BA (cm2) Height (r = 0.767); lean mass (r = 0.556)

Covariates (p \ 0.05) Height

Femoral neck BMD

(g cm-2)

Age (r = -0.461); height (r = 0.421); lean mass (r = 0.475); IGF-1 (r = 0.517)

Covariates (p \ 0.05) Lean mass; IGF-1

Femoral neck BMC (g) Age (r = -0.435); height (r = 0.699); lean mass (r = 0.720); % free testosterone (r = 0.325); % bioavailable

testosterone (r = 0.353); IGF-1 (r = 0.424)

Covariates (p \ 0.05) Height; lean mass; IGF-1

Femoral neck BA (cm2) Height (r = 0.761); lean mass (r = 0.706)

Covariates (p \ 0.05) Height; lean mass

Table 6 shows all significant partial correlations between the bone mass variables and other data. In addition, significant covariates, identified

through general linear modelling are presented for each of the bone mass dependent variables

Table 6 Bone mass prediction equations

Variable Prediction equation R2

TBBMD (g cm-2) -0.709 - (jockey0.058)

? (LBM0.285) - (SHBG0.064)

0.791

TBBMC (g) 4.451 ? (height1.455) ? (LBM0.637)

? (FM0.078)

0.903

TBBA (cm2) 5.594 ? (LBM0.388) ? (height1.172)

- (LBMControl0.008)

0.867

L2–4 BMD (g cm-2) -1.077 ? (LBM0.430)

- SHBG0.135)

0.449

L2–4 BMC (g) 2.106 ? (height3.451) 0.634

L2–4 BA (cm2) 2.717 ? (height2.024) 0.589

FN BMD (g cm-2) -1.576 ? (IGF-10.111)

? (LBM0.341)

0.382

FN BMC (g) -0.867 ? (LBM0.423)

? (height1.287) ? (IGF-10.085)

0.647

FN BA (cm2) 0.462 ? (height0.790) ? (LBM0.194) 0.636

Table represents prediction equations for all dependent variables;

generated using a stepwise linear regression model and including all

relevant covariates as identified by general linear modelling (see

Table 5)

TBBMC total body bone mineral content, TBBA total body bone area,

FN femoral neck, LBM lean body mass, FM fat mass
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Discussion

Results from this study confirm that jockeys exhibit

reduced bone mass [3–5] and an altered hormonal profile

when compared to age, gender and BMI matched controls.

While lean mass and height were the primary determinants

of bone mass, a number of hormonal systems were shown

to be disrupted in the jockey group, with SHBG and IGF-1

appearing to be the primary endocrine determinants of

bone mass in this study. These abnormalities appeared to

be associated with an increased rate of bone turnover and

lower bone mass in the jockey group. Down-regulation of

anabolic hormonal systems and an associated reduction in

bone accrual and mass is likely to be related to the life of

chronic weight restriction and energy imbalance previously

reported in these athletes [1].

Differences in bone mass were shown to be present

between the groups for all absolute variables and the

majority of calculated indices (see Table 2). Reduced bone

mass is known to increase fracture susceptibility, and this

finding may be of particular concern to the horse-racing

industry given the high-risk nature of the sport [20].

Adjustments were made to take into account differences in

body size and composition, and showed that height and

lean mass were the primary anthropometrical determinants

of bone mass in this group. Lean mass in particular was

shown to be the most influential predictor of bone mass.

This finding was expected given the allometric relationship

which exists between these body composition compart-

ments and the theory that lean mass and the associated

muscular forces which this measure represents may char-

acterize the extent of mechanical loading by which bone is

regulated [6, 21]. There was, however, a disproportionate

relationship between bone and lean mass in the jockey

group (see Table 2), a finding which suggests underlying

metabolic or systemic influences on bone mass in this

group [7]. This theory was confirmed through examination

of the hormonal profile of the jockey group.

An interesting anthropometrical finding in this study

was that the jockey group appeared to have a greater cross-

sectional bone area than the control participants once the

influence of height was accounted for, showing wider

bones relative to height in the jockey group. This finding is

in agreement with previous research in jockeys [5]. Peri-

osteal dimensions have been shown to be increased in

athletes who participate in high intensity sports [22] and it

is possible that extended participation in sport may have

caused an increase in periosteal apposition in the jockey

group. Mineral accrual appeared to lag behind periosteal

apposition, however, resulting in the low BMD values

reported within the current study. This finding suggests that

nutritional, rather than biomechanical factors may have

caused the low bone mass findings reported in these

athletes, a suggestion which is supported by the accom-

panying endocrine information reported in this study.

Calculation of an uncoupling index between the bone

formation marker serum P1NP and a marker of resorption

(urinary NTx) suggest that jockeys have an elevated rate of

bone loss with the balance of bone turnover skewed toward

excess resorption, causing an associated increase in frac-

ture risk [23]. Low bone mass, accompanied by an elevated

rate of bone loss in this group of young athletes may

increase susceptibility to osteoporosis in later life, as

development of this condition is primarily determined by

the level of peak bone mass achieved [24] and the sub-

sequent rate of bone loss [25]. Waldron-Lynch et al. [26]

previously reported an elevation of both bone resorption

and formation in jockeys [26], but this study did not appear

to have calculated an uncoupling index and so the overall

balance of bone turnover is unknown. In addition, only

those 11 jockeys who had the lowest reported BMD from a

larger sample of 27 were evaluated, suggesting a marked

selection bias toward those with the lowest initial BMD [26].

The sample of jockeys therefore in our study is likely to reflect

more accurately the bone health of the Irish professional

jockey.

Results from the examination of a number of key

micronutrients and electrolytes were unremarkable (see

Table 3). Mean jockey 25(OH) D levels were below the

threshold of 50 nmol L-1, a level at which deficiency is

diagnosed [19] (43.9 ± 15.5 nmol L-1). 25 (OH) D levels

were taken to provide an indication of vitamin D nutritional

status. An apparent deficiency in vitamin D status as sug-

gested by these results may impact on calcium resorption,

bone mass and bone turnover [27]. 25(OH) D levels were not,

however, shown to be significantly different between the

groups, nor did subsequent analysis show it to be a predictor of

any of the bone mass variables and so it is unlikely that this

finding is a significant contributory factor to the differences in

bone mass reported in the current study.

Endocrine hormones and factors related to nutrition,

metabolism and bone are known to be affected during

times of reduced energy availability [9, 10, 28]. In this

study we noted that levels of SHBG, a plasma glycoprotein

which binds to and decreases the bioavailability of testos-

terone and estrogen [29] was significantly elevated in the

jockey group. Elevated SHBG has previously been repor-

ted to play a role in age-associated muscle and bone loss

[30], likely through a reduction in the amount of free and

BAT present. Elevated SHBG levels in the current study

were accompanied by a significant reduction in the per-

centage of free and BAT present. Further statistical anal-

ysis revealed SHBG as one of the primary determinants of

total body and lumbar spine BMD, suggesting that

depressed activity of free testosterone on bone may have a

mechanistic role in the development of low BMD in
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jockeys. Serum estrogen levels are also known to exert an

influence on bone mass in males as well as females [30].

Total and bioavailable estrogen levels were not examined

within the current study; however, it is possible that SHBG

may have exerted an influence through regulating the

action of both of these sex steroids. Further research may

be required so to examine this issue. IGF-1 is a pleiotropic

growth factor involved in the processes which link nutri-

tion and growth [31] and appears to exert an anabolic

influence on virtually all body tissues [32]. It has been

suggested as being a relevant indicator of integrated growth

hormone secretion and function [33, 34]. In addition, IGF-1

is known to be involved in the regulation of bone mass [31,

35] and it is thought to be involved in the mediation of the

complex coupling process of bone remodelling [36, 37].

Statistical analysis in the current study showed IGF-1 to be

a primary predictor of femoral neck BMD and concentra-

tion (see Table 6). Although differences in serum IGF-1

levels between the groups did not reach statistical signifi-

cance, a trend toward lower IGF-1 was identified in the

jockey group (p = 0.07). Given its presence as a significant

predictor of femoral neck BMD and BMC, and previous

research which reports that IGF-1 levels may be reduced in

times of low energy availability [10, 11], it is thought that

this finding may be of clinical relevance in this group. This

finding is partially supported by the work of Garnero et al.

[23], who identified significant relationships between

serum IGF-1 and BMD of the total body and hip but not of

the lumbar spine [38]. The apparent site-specific impact of

IGF-1 on bone may be related to the cortical content of the

bone area in question. It has been suggested that liver

derived IGF-1 may exert a systemic influence on cortical

periosteal bone growth but not on maintenance of trabec-

ular bone in mice [39].Further research is required in order

to more fully evaluate the impact of IGF-1 on bone in this

group. A number of statistically significant, albeit weaker

correlations were also shown which support the primary

findings of this study. The pituitary gonadotropins LH and

FSH are thought to act primarily as regulatory agents in a

number of anabolic and reproductive processes, potentially

through a mediatory effect on SHBG levels [39]. LH

showed a significant and negative association (p \ 0.05)

with lumbar spine BMD (r = -0.488), lumbar spine BMC

(r = -0.380) and femoral neck BMC (r = -0.326). In

addition further evidence of the apparent catabolic role of

SHBG and anabolic role of IGF-1 were provided by the

significantly positive association shown between SHBG

and the bone resorption marker urinary NTx (r = 0.341,

p = 0.036) and between IGF-1 and the bone formation

marker P1NP (r = 0.347, p = 0.030). These findings

support the suggestion that alterations to metabolic and

gonadal hormones and factors within the jockey group may

have affected bone mass regulation.

The ‘‘female athlete triad’’ refers to an inter-relationship

between energy availability, menstrual function and BMD,

which has severe clinical manifestations including eating

disorders, functional hypothalamic amenorrhea and osteo-

porosis [40]. Although more commonly associated with

female athletes, results from previous studies showing low

energy availability in jockeys [1], along with evidence

from the current study of alterations to gonadal and

reproductive hormone function, and low bone mass, indi-

cate that male athletes may also be susceptible to this

condition.

There are a number of limitations associated with our study

which may have affected interpretation of the results. Results

are based on single serum samples and so cannot provide

information on the pulsatile effect of hormonal activity. Fre-

quent blood sampling so to allow examination of the pulsatile

release of studied hormones may provide a more in depth

analysis of possible adjustments to endocrine function in

jockeys. In addition, examination of a broader range of asso-

ciated factors, such as adipose derived hormones, e.g. adipo-

nectin and leptin, may allow a more complete analysis to be

made. Inferences have been made within this study as to the

nutritional habits of the jockey group which are based on

previous data [1–3]. Measurement of endocrine and bone data

with a concurrent nutritional and physical activity analysis

may lend support to assumptions made. A body mass and

stature matched control group may have aided in the isolation

and identification of hormonal factors specifically related to

bone mass in jockeys. The practical limitations of recruiting a

non-athletic control group of this mass and stature rendered

this difficult, however, and recruitment of a BMI matched

control group was deemed as the only reasonable alternative.

In conclusion, the jockey group in this study showed low

bone mass along with an apparent bone turnover state in

favour of resorption. Adaptations to a number of repro-

ductive and anabolic endocrine agents, in particular SHBG

and IGF-1 seem to be related to the low bone mass reported

in this group and may be a contributory factor in this

finding. It is thought that disturbances to reproductive and

anabolic processes may occur in an attempt to conserve

energy within this group for more immediately essential

metabolic processes. In order to identify more precise

mechanistic explanation for the trends identified in the

current study further research may be required so to more

fully elucidate the potential impact of a severe and

chronically weight restricted lifestyle on homeostatic and

osteogenic function in this group.
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