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Abstract

The association between sex hormones and sex hormone binding globin (SHBG) with vertebral 

fractures in men is not well studied. In these analyses, we determined whether sex hormones and 

SHBG were associated with greater likelihood of vertebral fractures in a prospective cohort study 

of community dwelling older men. We included data from participants in MrOS who had been 

randomly selected for hormone measurement (N=1,463 including 1054 with follow-up data 4.6 

years later.). Major outcomes included prevalent vertebral fracture (semi-quantitative grade ≥ 2, 

N=140, 9.6%); and new or worsening vertebral fracture (change in SQ grade ≥ 1, N=55, 5.2%). 

Odds ratios per SD decrease in sex hormones and per SD increase in SHBG were estimated with 

logistic regression adjusted for potentially confounding factors including age, bone mineral 

density, and other sex hormones. Higher SHBG was associated with a greater likelihood of 

prevalent vertebral fractures (OR: 1.38 per SD increase, 95% CI: 1.11, 1.72). Total estradiol 
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analyzed as a continuous variable was not associated with prevalent vertebral fractures (OR per 

SD decrease: 0.86, 95% CI: 0.68 to 1.10). Men with total estradiol values ≤ 17 pg/ml had a 

borderline higher likelihood of prevalent fracture than men with higher values (OR: 1.46, 95% CI: 

0.99, 2.16). There was no association between total testosterone and prevalent fracture. In 

longitudinal analyses, SHBG (OR: 1.42 per SD increase, 95% CI: 1.03, 1.95) was associated with 

new or worsening vertebral fracture, but there was no association with total estradiol or total 

testosterone. In conclusion, higher SHBG (but not testosterone or estradiol) is an independent risk 

factor for vertebral fractures in older men.
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Introduction

Estradiol, testosterone and their metabolites are known to influence skeletal health. Declines 

in estrogens due to menopause are linked to bone loss (1); there is significant bone loss in 

men with severe sex hormone deficiency (2). Testosterone and estradiol are predominantly 

bound to other proteins in the circulation, in particular sex hormone binding globulin 

(SHBG). Thus, SHBG levels influence the amount of the hormone that is freely able to enter 

cells and interaction with its receptor. Testosterone and estradiol levels decline with age, and 

SHBG levels increase, thus each of these factors are inter-related yet may have independent 

effects on health.

Current clinical practice guidelines state that men with androgen deficiency syndromes 

(primarily focusing on total testosterone), in certain circumstances, should be treated with 

testosterone, to improve bone mineral density (BMD), and thus presumably lower their risk 

of fractures.(3, 4) Low levels of testosterone (and estradiol) have been linked to non-

vertebral fractures and osteoporosis, as well as frailty in older adults.(5–12) A recent report 

from the MrOS Swedish and Hong Kong cohorts of older men reported an association 

between higher levels of SHBG, but not testosterone or estradiol, and an increased risk of 

incident, clinically identified vertebral fractures (13); radiographic vertebral fractures were 

only ascertained in the Hong Kong men, but results were similar to those for clinical 

vertebral fractures. A few other smaller studies have also investigated this association in 

men and women, but these were limited to case-control studies(5, 14); small clinical 

populations (6); or cohort studies with relatively few fractures (11, 15). Whether sex 

hormones and SHBG are related to radiographic vertebral fractures in Caucasian men 

remains unclear.

Thus, we hypothesized that lower total estradiol, total testosterone, bioavailable estradiol, 

bioavailable testosterone and higher sex hormone binding globulin (SHBG) would be 

associated with greater likelihood of both prevalent and incident vertebral fractures in 

Caucasian older men. We tested this hypothesis using data from the United States cohort of 

the Osteoporotic Fractures in Men Study (MrOS), a cohort of older community dwelling 

men.
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Materials and Methods

Participants

At the baseline visit in 2000–2002, 5,994 community dwelling men aged ≥ 65 years were 

recruited at six U.S. academic medical centers.(16, 17) To participate, men must have been 

free from bilateral hip replacements and able to walk without assistance. Men returned to the 

clinics for a second evaluation (Visit 2) an average of of 4.6±0.4SD years after baseline: 

4,530 men returned to the clinical center for repeat x-rays and 699 provided questionnaire-

based data only. All men provided written informed consent.

Measurement of sex hormones

A random sample of 1,602 men from the cohort was selected for assessment of sex hormone 

levels in fasting serum from the baseline visit, as previously described.(10) Total estradiol 

and total testosterone were analyzed centrally by gas chromatograph/mass spectrometry 

(GCMS) assay (Taylor Technology, Princeton NJ). Briefly, the analytes and their deuterated 

internal standards were extracted from 1.00 mL of human serum using BondElut Certify 

solid phase cartridges. Estradiol and testosterone were eluted from the solid phase cartridges 

with ethyl acetate. The analytes underwent three separate derivatization steps: (1) reaction 

with pentafluorobenzoyl chloride, (2) reaction with O (2,3,4,5,6 pentafluorobenzyl) 

hydroxylamine hydrochloride, and (3) reaction with N-Methyl-N-

(trimethylsilyl)trifluoroacetamide. Then the derivatized analytes were separated by gas 

chromatography using a DB 17 fused silica capillary column and detected by tandem mass 

spectrometry using negative ion chemical ionization. The lower limit of detection for total 

estradiol was 0.625 pg/ml and for total testosterone, 2.5 ng/dl. Duplicate aliquots from each 

participant were assayed, and the two results were averaged. No sex hormone values fell 

below the assay sensitivity. The intra-assay CV for total estradiol was 6.4%; the inter-assay 

CV was 10.1%. The intra-assay CV for total testosterone was 2.5%; the inter-assay CV was 

6.0%.

Sex hormone binding globulin (SHBG) was assayed by the Oregon Health & Sciences 

Center (OHSU) OCTRI labs using an Immulite Analyzer with chemiluminescent substrate 

(Diagnostic Products Corp., Los Angeles, CA) on the same samples previously thawed for 

the sex hormone measurements. The standard curve ranged from 0.2 – 180 nm/l. No values 

fell below the standard curve; only two participants with values above the standard curve 

were excluded from analyses. Only 21 men had insufficient serum to have SHBG assays. 

The intra-assay CV for SHBG was 4.6%; the inter-assay CV was 5.8%.

Bioavailable estradiol and testosterone were calculated using mass action equations 

described by Sodergard(18) with updated association constants for testosterone(19) and a 

fixed albumin level of 4.3 g/dl. The “bioavailable” amount of hormone refers to the amount 

that is either unbound (free) or loosely bound to albumin in the serum and excludes the 

amount of hormone that is tightly bound to SHBG.
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Prevalent and incident radiographic vertebral fracture assessment

Vertebral fracture assessment on lateral and thoracic radiographs in MrOS has been 

described in detail elsewhere.(20) The general process for review of spine images in MrOS 

was as follows. First, all spine images were assessed for quality and underwent a “triage 

process” by trained technicians, designed to eliminate grossly normal images from semi-

quantitative (SQ) scoring, thereby reducing the number of images that needed to be read by 

the physician reader (JS). In a quality assurance subset (random sample of 500 participants), 

sensitivity of the triage process was 97%; specificity was 46%. When triage was complete, 

all films from participants with a possible fracture or other abnormality (“triage positive”) 

were evaluated by a physician reader using the SQ method of Genant;(21) triage negative 

films were assumed to be fracture free and the SQ score was set to 0 for all levels. The triage 

process had few false negatives (that is, a high sensitivity: 96.8%) and the SQ scoring had 

excellent reproducibility as kappa scores ranged from 0.79–0.91 on a series of quality 

assurance readings. Of the 5,994 participants at baseline, 5,958 had radiographs of sufficient 

quality to assess vertebral fracture status. Of the 5,110 men who provided any data at Visit 

2, 4,332 had radiographs of sufficient quality to assess vertebral fracture status at follow-up.

Clinical vertebral facture assessment

As described previously(22), participants self-reported (at four-month intervals), fractures 

for which medical records were subsequently obtained. Verification of clinical vertebral 

fractures and date of identification was completed by the central study radiologist; only 

clinically identified vertebral fractures identified in T4-T12 and L1-L4 were included in the 

analyses.

Other measures

Participants completed questionnaires that included information about age, race/ethnicity 

(white vs. non-white), smoking status (current/past/never), non-spine fractures since age 50, 

and history of falls in the past 12 months. Height and weight were measured to calculate 

body mass index (BMI) as weight (kg) / height2 (m2). Activity level was determined from 

the Physical Activity Scale for the Elderly (PASE)(23); a higher score indicated a higher 

activity level. Participants also reported a history of a physician diagnosis of the selected 

medical conditions (see Table 1 footnote). Bone mineral density (BMD) was measured using 

Hologic 4500 dual energy x-ray absorptiometry (DXA) machines (Hologic, Inc., Bedford, 

MA) as previously described.(24) At baseline, participants were asked to bring all 

prescription medications they had been taking for at least 1 month and medication use was 

coded using standard study procedures.(25) Physical performance was assessed,(22) 

including walking speed (m/s) at usual pace was determined over 6 meters

Analysis sample

A random sample (N=1602) of the baseline participants (N=5994) was selected for 

measurement of sex hormones; 133 of these men were excluded due to missing or 

implausible values for sex hormones; medication use (reported taking androgens or 

antiandrogens, or missing medication use data); or surgical castration as treatment for 

prostate cancer. This left 1,469 men with complete sex hormone data. Follow-up for the 
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clinical vertebral fracture outcome was available for all of these men. Of these 1,469 

participants, 6 men had baseline radiographs of insufficient quality to assess vertebral 

fracture status, leaving 1,463 men for analyses of prevalent vertebral fractures. A total of 

410 men did not have Visit 2 radiographs completed or of sufficient quality (158 died, 33 

did not return for the visit, 219 returned for the visit but did not have radiographs taken), 

leaving 1,053 men for analyses of incident radiographic vertebral fractures (defined as new 

or worsening fracture). Of these, 153 had a prevalent fracture at baseline (SQ=1), leaving 

900 men in analyses of new incident vertebral fractures. (Summarized in Figure 1).

Statistical analysis

Participant characteristics were compared by quartiles of SHBG, with ANOVA for 

continuous normally distributed variables, Kruskal-Wallis rank sum tests for continuous 

skewed variables and chi-square tests for categorical variables.

In the cross-sectional analyses, prevalent vertebral fractures were defined as moderate or 

worse (SQ≥2) compared to mild or no fracture (SQ≤1). In the prospective analyses, incident 

radiographic vertebral fractures were primarily defined as a new or worsening fracture at 

follow-up, defined as a change in SQ score of 1 or more without adjustment for baseline 

fracture status. In secondary analyses, we excluded participants with a prevalent 

radiographic vertebral fracture (SQ≥1 at baseline) and estimated the likelihood of 

developing a new radiographic vertebral fracture (SQ≥1) at follow-up.

Sex hormone levels were analyzed as quartiles and as continuous variables with the odds or 

hazard ratio reported per SD increase. We also analyzed total testosterone as dichotomous 

variables: ≤ 200 versus > 200 ng/dl and ≤ 300 versus >300 ng/dl We used two different cut-

points as professional societies are equivocal on a single cut-point to use for defining 

testosterone deficiency.(3) We also analyzed total estradiol as a dichotomous variable: ≤ 17 

vs. >17 pg/ml. Logistic regression models were used to estimate the likelihood of prevalent 

or incident radiographic vertebral fractures. Cox proportional hazards models were used to 

estimate the risk of incident clinical vertebral fractures.

Initially, each sex hormone was analyzed individually. Base models were adjusted for age 

and clinical center. Next, models were adjusted for age, clinical center, smoking status, non-

white race, height, weight, history of falling, presence of at least one medical condition (see 

footnote Table 1), inability to complete the repeat chair stands, and physical activity level 

(PASE score). We then further adjusted the models for lumbar spine BMD (LS BMD). 

Finally, we ran additional fully adjusted multivariate models in which we simultaneously 

included total estradiol, total testosterone and SHBG as continuous variables. We did not 

consider models with bioavailable estradiol, bioavailable testosterone and SHBG 

simultaneously because the algorithms to calculate bioavailable hormones include SHBG, 

and inclusion of both SHBG and bioavailable hormones in the same model may constitute 

over-adjustment.
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Results

Given the consistent association between SHBG and fracture risk, participant characteristics 

by quartiles of SHBG are shown in Table 1. Participants in higher quartiles of SHBG were 

likely to be older; have lower BMI, and BMD; and were more likely to report a history of 

smoking and falls than those in lower quartiles of SHBG. Several characteristics were not 

associated with SHBG quartiles, including race/ethnicity, height, activity level, medication 

use, physical performance (walking speed and chair stand ability), and comorbid medical 

conditions. Those with higher SHBG had lower bioavailable estradiol, higher total estradiol, 

higher bioavailable testosterone and higher total testosterone compared to those with lower 

SHBG. Characteristics of MrOS participants by bioavailable estradiol quartiles(26) and 

bioavailable testosterone quartiles(10) have been reported elsewhere.

Prevalent radiographic vertebral fractures

Of the 1,463 men included in the prevalent radiographic vertebral fracture analyses, 140 

(9.6%) had an at least one vertebrae with a SQ grade of ≥ 2. There was an association 

between higher SHBG and greater likelihood of prevalent radiographic vertebral fracture 

when SHBG was analyzed as a continuous measure, although the analyses of SHBG as 

quartiles were not statistically significant (Table 2). These results were largely unchanged by 

adjustment for covariates including spine BMD. When further adjusted for total estradiol 

and total testosterone, the association of SHBG with prevalent vertebral fracture was 

somewhat stronger (OR: 1.38 per SD increase, 95% CI: 1.11, 1.72).

In age and clinical center adjusted models, lower total estradiol and lower bioavailable 

estradiol were associated with an increased likelihood of prevalent radiographic vertebral 

fracture, although adjustment for lumbar spine BMD largely attenuated this association. The 

association between total estradiol and prevalent radiographic vertebral fracture was non-

significant after further adjustment for total testosterone and SHBG (OR per SD increase 

0.86, 95%CI: 0.68, 1.10). When total estradiol was analyzed as a dichotomous variable 

categorized as ≤ 17 vs >17 pg/ml, men with values ≤ 17 ng/dl were more likely to have a 

prevalent vertebral fracture than men with higher levels (OR: 1.68, 95% CI: 1.15, 2.45). 

This association remained after multivariate adjustment (OR: 1.62 for ≤ 17 vs >17 ng/dl, 

95% CI 1.10, 2.39) but was attenuated and of borderline significance after adjusted for BMD 

(OR: 1.46 for ≤ 17 vs >17 ng/dl, 95% CI: 0.99, 2.16). Neither total testosterone nor 

bioavailable testosterone was associated with prevalent radiographic vertebral fractures in 

any model. There was no association between prevalent radiographic vertebral fractures and 

total testosterone analyzed as >200 ng/dl vs ≤ 200 ng/dl, or total testosterone was analyzed 

as >300 ng/dl vs. ≤ 300 ng/dl.

Incident radiographic vertebral fractures

Of the 1,053 men included in the longitudinal analysis, 55 (5.2%) men had new or 

worsening radiographic vertebral fracture (change in SQ grade≥1). Of these, 51 men had at 

least one new vertebral fracture (change in SQ grade from 0 at baseline to 1 or higher at 

follow-up) and 4 men had only a worsening vertebral fracture (SQ grade at least 1 at 

baseline, and increased by at least one point at follow-up). Higher SHBG was associated 
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with an increased likelihood of new or worsening radiographic vertebral fracture, an 

association that was largely unchanged by adjustment for covariates including BMD (Table 

3). When SHBG, total estradiol and total testosterone were included in the same fully 

adjusted model, each SD increase in SHBG was associated with an increased likelihood of 

new or worsening radiographic vertebral fracture (OR: 1.42, 95% CI: 1.03, 1.95), whereas 

total estradiol and total testosterone were not significantly related to new or worsening 

radiographic vertebral fracture. There was no association between total estradiol, 

bioavailable estradiol, total testosterone or bioavailable testosterone and new or worsening 

vertebral fracture regardless of the covariates included in the model. When analyses were 

restricted to men with no radiographic vertebral fracture at baseline (N=900, 36 [4.0%] who 

then developed a new fracture, Supplemental Table 1), the results were largely unchanged. 

In the analyses restricted to men with no radiographic vertebral fracture at baseline, higher 

SHBG was associated with an increased likelihood of fracture, although the association after 

adjustment for lumbar spine BMD was of borderline significance. In this subset of men 

without radiographic vertebral fracture at baseline, in models that simultaneously included 

SBHG, total estradiol and total testosterone and other covariates, the association between 

SHBG and new radiographic vertebral fracture was somewhat strengthened (OR: 1.72 per 

SD increase, 95% CI: 1.13, 2.62). There was no association between total estradiol, 

bioavailable estradiol, total testosterone or bioavailable testosterone and new radiographic 

vertebral fracture in the subset of men free of radiographic fracture at baseline. There was no 

association between incident radiographic vertebral fractures (in all participants, or on the 

subset of participants free from radiographic vertebral fracture at baseline) and total 

testosterone analyzed as >200 ng/dl vs ≤ 200 ng/dl, or total testosterone was analyzed as 

>300 ng/dl vs. ≤ 300 ng/dl, or estradiol analyzed as >17 vs ≤ 17 pg/ml.

Incident clinical vertebral fracture

Of the 1,469 men in the longitudinal analyses, only 3.1% (N=45) had a clinical vertebral 

fracture over 4.6 years of follow-up. Neither SHBG nor either of the sex hormones was 

significantly associated with clinical vertebral fractures in any model (Table 4).

Discussion

In this cohort of community dwelling older men, higher SHBG was associated with a greater 

likelihood of both prevalent and incident radiographic vertebral fracture. This association 

was largely unchanged by adjustment for covariates including BMD and other sex 

hormones. However, the association between SHBG and incident clinical vertebral fractures 

was not statistically significant, although number and therefore power was much lower. We 

saw no association between total testosterone (or bioavailable testosterone) and prevalent 

radiographic vertebral fracture, incident radiographic vertebral fracture or incident clinical 

vertebral fracture. Lower total estradiol and lower bioavailable estradiol were associated 

with a greater likelihood of prevalent radiographic vertebral fracture, but there was no 

association between total estradiol or bioavailable estradiol and incident radiographic or 

clinical vertebral fracture.
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Results from previous studies in men somewhat parallel our results: a previous report from 

the Swedish and Hong Kong cohorts of MrOS show an association between SHBG and 

incident clinically identified vertebral fractures (13); our results from the U.S. cohort 

demonstrate an association between SHBG and radiographic but not incident clinical 

vertebral fractures. In addition, we demonstrated the association of SHBG with radiographic 

fracture was independent of testosterone and estradiol. Identification of clinical vertebral 

fractures differed amongst the three countries in MrOS: in the US, clinically identified 

vertebral fractures were centrally reviewed by a study radiologist and compared to the study-

acquired baseline radiograph. In Sweden, clinical vertebral fractures were identified in 

national registries, and in Hong Kong fractures were collected via hospital surveillance and 

confirmation of self-report of factures. Despite these differences, these studies taken 

together demonstrate an association between high SHBG and incident vertebral fracture, and 

little or no association between testosterone and estradiol and incident vertebral fractures. 

Other reports, including a case-control study(5) and a study of a small clinical population(6) 

both found higher SHBG in men with prevalent vertebral fractures than in men with no 

vertebral fractures. Neither study found a significant difference in estradiol or testosterone 

levels between men with fractures and men without vertebral fractures. For other bone 

outcomes, previous reports from this cohort(7) and the Tromso Study(8) consistently find 

that high SHBG is associated with increased risk of non-spine fracture in men; other studies 

(such as Framingham)(9) did not report the association between SHBG and non-spine or hip 

fractures in men. Congruent to our current findings, previous work in MrOS has also shown 

that high SHBG was associated with lower BMD and greater bone loss, but there was no 

independent association between bioavailable testosterone and BMD or BMD loss.(26)

The SHBG findings are puzzling. It is possible that SHBG has independent effects on risk of 

vertebral fractures by directly influencing skeletal tissues. Although it was long considered 

merely a transporter for sex hormones to target cell membranes, it is now considered likely 

that SHBG acts directly on a variety of cell types and can be found intracellularly.(27) 

Receptors for SHBG (RSHBG) have been found on cells of breast tissue, ovarian follicles, 

and placenta, for example, and its binding can affect both cell growth and biochemical 

activity. However, to our knowledge, there is no information regarding either RSHBG 

presence or SHBG production in cell types relevant to bone strength. Elucidating the 

biologic mechanisms of SHBG on bone health in vivo may be important for osteoporosis 

prevention. We cannot rule out, however, that higher levels SHBG may be a marker for poor 

health status, and that we were unable to completely control for such confounding 

influences. For example, men with higher SHBG levels were more likely to report history of 

falls and have lower lumbar spine BMD. We adjusted for these covariates, but other factors 

such as bone strength or complex measures of health status were not included in our 

multivariate models. Other reports that have found an association between SHBG and bone 

loss have postulated that SHBG is a biomarker for bone health (12), rather than a direct 

intermediate, and our data support this theory.

Total estradiol and bioavailable estradiol, was associated with prevalent radiographic 

vertebral fractures in multivariate models, although these associations were strongly 

attenuated after adjustment for bone mineral density. The association appeared strongest in 

the lowest quartile of total estradiol suggesting a threshold effect; however, even analyses 
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comparing low (e.g. quartile 1, ≤ 17 pg/ml) versus higher (e.g. quartiles 2–4, >17 pg/ml) 

estradiol were attenuated to non-significance by adjustment for BMD. We did not observe 

an association between total or bioavailable estradiol and incident radiographic or incident 

clinical vertebral fractures. This suggests that at most, only very low total estradiol or 

bioavailable estradiol levels (which were not commonly found in MrOS) may increase the 

likelihood of a prevalent vertebral fracture, and it is unlikely that such an association would 

be independent of BMD. In contrast to our current results, previous reports in MrOS have 

demonstrated that bioavailable estradiol was consistently and strongly related to BMD and 

bone loss.(26) The reason for the discrepancy – that bioavailable estradiol is related to bone 

loss but not incident vertebral fractures – is not clear. We had relatively few incident 

radiographic vertebral fractures; however, the effect estimates for the association between 

bioavailable estradiol and incident radiographic vertebral fractures were close to null after 

adjusting for BMD suggesting that we did not miss a strong effect. It may be that any effect 

of bioavailable estradiol acts through BMD, and adjusting for BMD explains any effect of 

bioavailable estradiol on likelihood of vertebral fracture. Estradiol may be important for 

other fracture outcomes.

There was no association between total or bioavailable testosterone and vertebral fractures, a 

finding that does not provide direct evidence to support clinical practice guidelines that 

suggest men with androgen deficiency syndromes be supplemented with testosterone to 

improve (in part) their BMD and presumably subsequent fracture risk. Other studies of 

vertebral fractures in men parallel our findings of no association between testosterone and 

vertebral fractures(5, 6), and results for hip and non-vertebral fractures in men generally 

suggest that low testosterone is only a risk factor for non-spine fractures when levels of 

estradiol are also low and/or levels of SHBG are also high.(7–9) Given the lack of direct 

evidence from observational studies, randomized trials are needed to establish whether 

testosterone supplementation will decrease fracture risk.

Several alternative explanations are possible for our finding that only SHBG, but not the 

other sex hormones, was strongly related to prevalent and incident radiographic vertebral 

fractures. First, the lack of a significant association with estradiol and testosterone may be 

due to limited power. Relatively few men had vertebral fractures by any definition (<10%), 

and it is possible that the relatively limited sample size limited our ability to detect small, 

statistically significant effect sizes. Second, it is possible that the association between SHBG 

and vertebral fractures is due to residual confounding that did not influence the associations 

between the other sex hormones and vertebral fractures. If this were the case, then we would 

posit that higher SHBG is associated with greater frailty status, and the association between 

SHBG and fracture is due to this higher degree of frailty rather than SHBG levels per se. 

However, this is unlikely as we adjusted for several potential confounders related to physical 

function and activity, and these did not substantially alter the association between SHBG 

and radiographic vertebral fractures. Also, in previous analyses in this cohort, SHBG was 

not strongly related to frailty status.(10) Third, SHBG binds to testosterone and estradiol in 

serum, effectively reducing sex hormone concentrations and thus their ability to bind 

receptors. However, we did not see an association between bioavailable testosterone or 

bioavailable estradiol and vertebral fractures. We did not directly measure free or 

bioavailable sex hormones, but instead relied on a formula that depends on measurement of 
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the sex hormones and SHBG. We acknowledge that there is considerable controversy about 

the accuracy of bioavailable calculations.(28–30) However, given the association between 

SHBG and fractures in our study, and the inability to directly measure bioavailable and free 

hormone levels in this study, we present the bioavailable data from calculations to provide a 

full picture of our results while acknowledging that such data have potential limitations. It is 

possible that our results would have differed had we used a direct assay to measure free 

hormone status. We found that SHBG, bioavailable estradiol and bioavailable testosterone 

levels are inter-related: those the highest SHBG levels had lower bioavailable estradiol yet 

higher bioavailable testosterone. Perhaps this seemingly incongruent fact is due to the very 

strong positive association between SHBG and total testosterone levels.

There are several factors that may explain the potential discrepancy between the positive 

association between SHBG and incident radiographic vertebral fractures and the lack of 

significant association between SHBG and incident clinical vertebral fractures. First, the 

number of clinical vertebral fractures in the dataset was small, limiting our power to detect 

an association. Second, there are differences in methods of ascertainment: radiographic 

vertebral fractures require collection of radiographs in our clinical centers, while clinical 

vertebral fracture must come to clinical attention, either due to symptoms or as incidental 

findings.

Our study has many strengths. It is a well characterized cohort with gold standard 

assessment of radiographic vertebral fractures and sex hormone levels. However a few 

limitations must be noted. First, the study results may not be generalizable to other 

populations including younger individuals, women, or those who are institutionalized. 

Second, we did not obtain follow-up radiographs for a small proportion of men, as some 

died before collection and others did not complete the radiographs at the clinic visit. This 

may have somewhat limited our ability to detect an effect. Third, we present models that 

simultaneously include total estradiol, total testosterone, and sex hormone binding globulin. 

These models are somewhat difficult to interpret, as estradiol and testosterone levels rise 

with greater SHBG levels and thus may somewhat overestimate the association between 

SHBG and vertebral fracture. However, these models did not suggest that the association 

between SHBG and vertebral fracture was explained by the level of total estradiol or total 

testosterone.

In summary, SHBG, but not estradiol or testosterone, was associated with prevalent and 

incident radiographic, but not clinically identified incident vertebral fractures. Further 

research should aim to identify the potential mechanism of action of SHBG on vertebral 

fracture risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Higher SHBG (but not testosterone or estradiol) is an independent risk factor for 

vertebral fractures in older men.
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Figure 1. 
Participants selected for analysis.
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