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Abstract
Introduction In men, idiopathic osteoporosis (IOP) is often
associated with low serum insulin-like growth factor (IGF-1)
and reduced bone formation. The characteristics of
premenopausal women with IOP are not well defined.
We aimed to define the clinical, reproductive, and
biochemical characteristics of premenopausal women with
unexplained osteoporosis.
Methods This is a cross-sectional study of 64 women with
unexplained osteoporosis, 45 with fragility fractures, 19
with low bone mineral density (BMD; Z-score less than or
equal to −2.0) and 40 normal controls. The following are
the main outcome measures: clinical and anthropometric
characteristics, reproductive history, BMD, gonadal and

calciotropic hormones, IGF-1, and bone turnover markers
(BTMs).
Results Subjects had lower BMI and BMD than controls,
but serum and urinary calcium, serum estradiol, vitamin D
metabolites, IGF-1, and most BTMs were similar. Serum
parathyroid hormone (PTH) and the resorption marker,
tartrate-resistant acid phosphatase (TRAP5b), were signif-
icantly higher in both groups of subjects than controls and
directly associated in all groups. Serum IGF-1 and all
BTMs were directly associated in controls, but the
association was not significant after controlling for age.
There was no relationship between serum IGF-1 and BTMs
in subjects. There were few differences between women
with fractures and low BMD.
Conclusions Higher serum TRAP5b and PTH suggest that
increased bone turnover, possibly related to subclinical
secondary hyperparathyroidism could contribute to the
pathogenesis of IOP. The absence of differences between
women with fractures and those with very low BMD
indicates that this distinction may not be clinically useful to
categorize young women with osteoporosis.

Keywords Bone turnover markers . IGF-1 .

Premenopausal osteoporosis

Introduction

Most young men and premenopausal women with osteopo-
rosis have an underlying disorder or have been exposed to
medications that interfered with acquisition of peak bonemass
or caused excessive bone loss thereafter [1–13]. Osteoporosis,
which affects young, otherwise healthy individuals with
intact gonadal function and no secondary cause of bone loss
is termed “idiopathic” osteoporosis (IOP) [14].
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Although IOP affects both genders equally, most
research on its etiology has focused on men. In male IOP,
calciotropic hormones are usually normal and hypercalciu-
ria is common [4, 7, 11, 12, 15, 16]. High sex hormone-
binding globulin (SHBG) levels, low free estradiol (E2) and
testosterone [17–22], and low serum insulin-like growth
factor-1 (IGF-1) levels [20, 23–25] have been reported, as
have direct correlations between both serum IGF-1 and E2
and histomorphometric parameters of bone formation
[15, 20, 25]. Although increased turnover has been observed
[26, 27], most studies report heterogeneous remodeling [7]
or reduced bone formation [15, 16, 20, 25, 28], consistent
with osteoblast dysfunction [29] or a defect in their
recruitment to remodeling sites [6, 30].

The few small studies that have addressed IOP in
premenopausal women have reported smaller stature, lower
body mass index (BMI), and a family history of osteopo-
rosis [9, 10, 13, 31]. In a small retrospective study of
transiliac crest biopsies from women with IOP [32], we
found histomorphometric evidence of increased bone
resorption and decreased bone formation, suggesting
osteoblast dysfunction similar to men with IOP. We also
found lower follicular phase E2 and higher serum resorp-
tion markers in 13 women with IOP [31], similar to a recent
report by Peris et al. [13]. However, in contrast to our
findings in men with IOP [15], serum IGF-1 did not differ
from controls and did not correlate with bone mineral
density (BMD) [31]. Thus, the etiology and pathogenesis of
IOP in premenopausal women remain unclear.

In prior studies of IOP in premenopausal women, the
definition of osteoporosis varies, some requiring a history
of low-trauma fracture [7, 32], others only low BMD
[13, 31]. However, fracture risk in premenopausal women
is very low compared to postmenopausal women [33, 34]
and the relationship between BMD and fracture incidence
in premenopausal women has not been clearly established.
Thus, International Society for Clinical Densitometry
guidelines recommend that the diagnosis of osteoporosis
in young women should not be made solely on the basis of
isolated low BMD measurements [35] without a history of
fragility fracture or secondary cause of bone loss. Using
high-resolution peripheral quantitative computed tomogra-
phy (HR-pQCT), however, we recently reported that
premenopausal women with idiopathic low BMD measure-
ments have microarchitectural deterioration of the periph-
eral skeleton (distal radius and tibia) comparable to young
women with unexplained fragility fractures [36, 37].

To address these issues, we conducted a cross-sectional,
case–control study to define the clinical, reproductive,
densitometric, and biochemical characteristics of women
with a history of unexplained fragility fractures (IOP) and
those with idiopathic low BMD (ILBMD). Based upon our
previous findings, we hypothesized that affected women

would have lower estrogen levels, higher bone resorption
markers, and lower bone formation markers than normal
controls, but that serum IGF-1 levels would not differ. We
also hypothesized that women with fractures would differ
clinically and biochemically from those with ILBMD.

Materials and methods

Patient population

Premenopausal women, aged 18–48, were recruited at
Columbia University, New York, NY and Creighton
University, Omaha, NE by advertisement, self- or physician
referral. Subjects were included in the ILBMD group if
they had low areal BMD (aBMD) by dual energy X-ray
absorptiometry (DXA; T-score less than or equal to −2.5 or
Z-score less than or equal to −2.0) at the spine or proximal
femur. Subjects were included in the IOP group if they had
a documented low-trauma fracture after age 18, whether or
not they had low aBMD. Fractures were ascertained by
review of radiographs or radiograph report and categorized
as low trauma (equivalent to a fall from a standing height or
less) after a case review by a physician panel (ES, AC,
RRR, EMS). Skull and digit fractures were excluded. IOP
subjects could not participate in the study until more than
3 months had elapsed after their most recent fracture. To
qualify as normal controls, women were required to have
normal aBMD by DXA (T-score greater than or equal to
−1.0 or Z-score greater than or equal to −1.0) and no
history of adult low-trauma fractures.

We defined premenopausal status as regular menses off
hormonal contraception and early follicular phase follicle
stimulating hormone (FSH) levels <20 mIU/mL. Exclusion
criteria were amenorrhea lasting 6 months or longer after
menarche (other than pregnancy or lactation), fewer than
eight menses per year, and a delivery or lactation in the last
year. All participants had a detailed history, physical and
biochemical evaluation to exclude secondary causes of
osteoporosis, including disorders causing premenopausal
estrogen deficiency, eating disorders associated with amenor-
rhea, endocrinopathies (e.g., hyperthyroidism, Cushing’s
syndrome, prolactinoma), celiac or other gastrointestinal
diseases, abnormal mineral metabolism (e.g., osteomalacia,
hyperparathyroidism), marked hypercalciuria (>300 mg/gCr),
and drug exposures (e.g., glucocorticoids, anticonvul-
sants, anticoagulants, methotrexate). Women with serum
25-hydroxyvitamin D (25-OHD) levels below 10 ng/ml
were excluded. As vitamin D deficiency and insufficiency are
common in otherwise normal adults and commercial assays
variable, women with screening 25-OHD levels between 10
and 20 ng/ml were eligible if their serum parathyroid hormone
(PTH) was normal (10–65 pg/ml). All subjects provided
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written informed consent. The Institutional Review Boards of
both institutions approved these studies.

Historical characteristics and questionnaires

Study physicians conducted comprehensive history and
physical examinations and completed questionnaires on
medical, surgical, family and fracture history, medication
usage, menstrual and reproductive history, weight, dieting
and exercise history, caffeine, tobacco and alcohol usage.
Height was measured by Harpenden stadiometer and
weight by balance beam scale. Dietary intake of calories,
various nutrients, calcium, and vitamin D was quantified
using the Block food frequency questionnaire [38]. Physical
activity was assessed using the modified Baecke question-
naire [39]. Eating disorders were assessed by interview and
the Eating Attitudes Questionnaire [40].

Laboratory assessments

To assess for secondary causes of osteoporosis, fasting
morning blood was drawn and a 24-h urine collected during
the early follicular phase of the menstrual cycle on the
participant’s usual diet and supplement regimen and
analyzed in a clinical laboratory (Quest Diagnostics,
Madison, NJ) for complete blood count, erythrocyte
sedimentation rate, serum electrolytes, renal and hepatic
function, FSH, celiac antibodies (tissue transglutaminase,
endomysial), protein electrophoresis, thyroid function,
PTH, and 25-OHD; 24-h urine was analyzed for free
cortisol, calcium, and creatinine. Additional serum was
archived and stored at −80°C for batch analyses in the Bone
Marker Laboratory of the Metabolic Bone Diseases
Program and the CTSA Biomarkers Core Laboratory at
CUMC. Some subjects who met the laboratory inclusion
criteria based upon screening assays had results outside of
the eligibility range on research analyses of archived
samples. We retained these subjects in the study and report
here results of the archived samples measured in research
laboratories.

The following assays were used: E2, double antibody
125I radioimmunoassay (Siemens Medical Solutions Diag-
nostics, New York, NY); SHBG, ELISA (Alpco Diagnos-
tics, Salem, NH); 25-OHD, radioimmunoassay (Diasorin,
Stillwater, MN); 1,25 dihydroxyvitamin D [1, 25(OH)2D],
radioimmunoassay (Diasorin, Stillwater, MN); intact PTH,
radioimmunoassay (Scantibodies, Santee, CA); N-terminal
propeptides of procollagen type 1 (P1NP) (IDS, Scottsdale,
AZ); osteocalcin (N-mid OC), ELISA (IDS, Scottsdale,
AZ) bone specific alkaline phosphatase (BAP), ELISA
(Quidel, Santa Clara, CA); C-telopeptide (CTx), ELISA
(IDS, Scottsdale, AZ); N-telopeptides (NTx) in urine,
ELISA (Inverness Medical, Princeton, NJ); creatinine in

urine by colorimetric assay (Integra 400 Plus, Roche
Diagnostics, Indianapolis, IN); Tartrate-resistant acid phos-
phatase isoform 5b (TRAP5b), ELISA (IDS, Scottsdale,
AZ); insulin-like growth factor 1 (IGF-1) was analyzed by
radioimmunoassay (Alpco Diagnostics, Salem, NH) in the
MECORE Laboratory, St. Josephs Hospital, Bangor, ME.
Free estradiol was calculated based on previously described
methods [41].

Calcium absorption efficiency was measured in a subset
utilizing a timed blood sample obtained 5 h after ingestion
of a small tracer dose of 45Ca (10 μCi) as part of a
standardized meal according to the method of Heaney and
Recker [42].

Areal bone mineral density and body composition by DXA

Areal BMD was measured by DXA (QDR-4500, Hologic
Inc., Walton, MA) at Columbia and Creighton University
Medical Centers. T- and Z-scores compared subjects and
controls with young–normal and age-matched populations
of the same race and sex, as provided by the manufacturer.
Body composition was measured by DXA: whole body
(excluding head) fat and lean mass, and truncal fat and lean
mass. Scanners at both sites were cross-calibrated with a
reference phantom to read BMD within 1% at baseline and
at 6-month intervals throughout the study.

Spine radiographs

All subjects and controls had anterior–posterior and
lateral spine radiographs to screen for prevalent vertebral
fractures; fractures were defined by the semi-quantitative
method used in the Study of Osteoporotic fractures [43].
The study radiologist (R.B.S.) was blinded to the study
group.

Statistical analysis

Statistical analyses were performed using SAS software
(SAS Institute, Cary NC, USA). To limit type I error caused
by multiple comparisons, we first used ANOVA models as
an omnibus test to examine overall differences among the
three groups (controls, IOP, ILBMD) for each variable.
Between-groups comparisons are presented only for varia-
bles that initially showed significant overall differences
among the three groups based on ANOVA models.
Between-groups comparisons were conducted using
Student’s t tests. Pearson correlation coefficients were
calculated to test associations between variables. Multi-
variate linear and logistic regression analyses were used to
control for covariates. All data are expressed as mean ±
standard deviation. Results were considered significant
with p<0.05.
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Results

Clinical characteristics of the study groups

Of 64 affected subjects, 45 had a history of low-trauma
adult fractures (IOP group); 19 had low aBMD but no
history of low-trauma adult fractures (idiopathic low BMD
or ILBMD group). However, 16% reported high-trauma
adult fractures and 26% reported childhood fractures. The
number of fractures per IOP subject ranged from 1 to 12; 25
subjects had multiple fractures, ranging from 2 to 12.
Eleven subjects had vertebral, 11 had rib, seven had hip,
five had pelvic, 12 had forearm, six had humerus, six had
lower leg, six had ankle, and nine had metatarsal fractures.
The mean age at first adult fracture was 30±9 years, and the
mean time between the evaluation and the most recent
fracture was 4±4 years.

Subjects and controls were of similar age (Table 1). By
ANOVA, only weight, BMI, BMD, family history of
osteoporosis, and menarchal age differed significantly.
IOP and ILBMD subjects weighed significantly less and
had lower BMI than controls. Although controls had higher
whole body and truncal fat than subjects, these differences
did not reach statistical significance. Women in the ILBMD
group were significantly more likely than controls and IOPs
to report a family history of osteoporosis.

Bone mineral density

Absolute BMD (Table 1) and Z-scores (Fig. 1) differed
significantly between-groups at all sites. BMD was lowest
in the ILBMD group, in whom inclusion was based on
BMD criteria. Of the ILBMD subjects, 53% had low
Z-scores at the spine only, 26% at the hip only, and 21% at
both sites. Although included on the basis of fractures
rather than BMD criteria, the IOP group had significantly
lower aBMD at all sites than controls. Among IOP subjects,
only 53% had BMD Z-scores that were below the expected
range for age (less than or equal to −2.0) while 47% had
BMD Z-scores that were within the expected range for age
(greater than −2.0). In 12 (27%) IOP subjects, BMD Z-
scores were greater than or equal to −1.0 at all sites. BMD
differences remained significant (p<0.03) after controlling
for BMI.

Reproductive history

Except for menarchal age, reproductive history did not
differ between subjects and controls (Table 1). Menarche
was slightly but significantly later in the ILBMD group
than both IOP and control subjects; the difference remained
significant (p<0.05) after controlling for current BMI.
Menarchal age did not correlate with BMI, body fat, or

BMD at any site or in any group. Variability in reported
number of months of lactation was high, particularly in the
ILBMD group, who tended to have more months of
lactation compared to the controls (p=0.05). Two outliers
in the ILBMD group reporting 180 and 132 months of
lactation are likely to explain the differences seen. Neither
parity nor months of lactation correlated with BMD at any
site in any group.

Diet, medications, exercise, tobacco, and alcohol

As weight and BMI were lower in both groups of subjects,
we investigated whether dietary composition, supplement,
and lifestyle habits differed between subjects and controls
(Table 1). By ANOVA, there were significant between-
groups differences in dietary phosphate, dietary and
supplemental calcium, and total calcium intake. Although
the ILBMD group weighed less, caloric and protein intake
were similar to the IOP and control groups; however,
dietary calcium and phosphate intake in the ILBMD group
were significantly higher than the IOP group. The propor-
tion of IOP and ILBMD subjects using calcium supple-
ments, and calcium intake from supplements, were
significantly higher than controls; in addition, more
ILBMD than IOP subjects used supplements. Total calcium
intake was significantly higher in the ILBMD than the
control group.

Selective serotonin reuptake inhibitor use appeared
higher in subjects than controls, but the difference was
not significant (p=0.11 by ANOVA). There were no
significant overall between-groups differences for other
medications, tobacco exposure, caffeine, or time spent
exercising. Although the ILBMD group reported signifi-
cantly higher alcohol consumption than the other groups,
alcohol intake was low in all groups (approximately one
drink per week on average).

Biochemistries

FSH and estradiol

Early follicular phase FSH, SHBG, total and calculated free
estradiol did not differ significantly between groups (Table 2).
Neither total nor free estradiol correlated with bone turnover
markers or with BMD at any site in any group.

Serum minerals and calciotropic hormones

Serum calcium and phosphate levels did not differ between
subjects and controls (Table 2). Mean serum 25-OHD was
slightly but not significantly higher in both groups of
Subjects (p=0.07). Serum 25-OHD levels below 20 ng/mL
were found in nine subjects in the IOP group (22%), two in
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Table 1 Characteristics of the
study groups

*p<0.05 vs controls; **p<0.01 vs
controls; ***p<0.001 vs controls;
#p<0.05 IOP vs ILBMD; ##p<0.01
IOP vs ILBMD

Control, n=40 IOP, n=45 ILBMD, n=19

Anthropometric characteristics

Age (years) 37.3±8.2 37.0±7.7 39.6±6.3

Height (cm) 165.4±7.3 163.8±7.2 162.2±5.7

Weight (kg) 70.7±14.6 63.0±14.9* 57.1±10.2***

BMI (kg/m2) 25.8±4.7 23.4±4.9* 21.6±3.5**

Body composition (%)

Whole body fat 35.5±7.2 33.9±7.8 33.3±6.0

Trunk fat 32.5±8.9 30.5±9.3 28.9±7.4

Bone mineral density (g/cm2)

Lumbar spine (L1–4) 1.099±0.093 0.875±0.139*** 0.793±0.078***, ##

Total hip 0.984±0.075 0.792±0.138*** 0.736±0.090***

Femoral neck 0.878±0.075 0.677±0.129*** 0.615±0.089***

Distal radius (1/3) 0.721±0.051 0.692±0.047** 0.679±0.045**

Fracture, family, and reproductive history

Adult high-trauma fractures 5% 7% 16%

Childhood/adolescent fractures 18% 29% 26%

Family history of osteoporosis 50% 58% 84%*, #

Menarchal age (years) 12.6±1.2 12.9±1.0 13.7±1.5**, #

Menses/year (n) 12.0±0.9 12.1±0.7 12.0±0.7

Nulliparous 25% 27% 21%

Age at first pregnancy 26.1±5.7 25.5±6.0 24.8±7.9

Pregnancies (n) 1.9±1.7 1.9±1.5 2.5±2.9

Live births (n) 1.4±1.2 1.5±1.2 1.8±2.3

Lactation (%) 60% 47% 63%

Lactation (months) 12.6±11.4 14.6±9.7 36.8±58.0

Oral contraception >1 year (%) 78% 75% 70%

Block Food Frequency Questionnaire results (N=40 controls, 37 IOP, 15 ILBMD)

Calories/day 1,736±685 1,695±673 1,870±604

Protein (gm/day) 68.4±28.9 61.4±18.2 75.1±24.2

% Protein in diet 15.9±3.1 15.0±2.9 16.3±2.8

% Fat in diet 36.7±6.2 38.6±5.6 38.6±9.6

Phosphate (mg/day) 1,204±488 1,038±329 1,346±437##

Sodium (mg/day) 2,527±1,151 2,287±903 2,392±745

Dietary calcium (mg/day) 861±398 683±269* 952±425#

Calcium from supplements 231±360 564±460*** 563±423**

Total calcium (mg/day) 1,091±475 1,247±592 1,515±495**

Dietary vitamin D (IU/day) 145±94 103±56 138±77

Vitamin D from supplements (IU/day) 130±156 170±174 91±127

Total vitamin D (IU/day) 275±184 272±183 230±151

General questionnaire data

Calcium supplements (current, %) 35% 63%* 83%***, #

Multivitamin (current, %) 56% 53% 30%

Thyroid hormone (ever, %) 5% 5% 5%

Selective seratonin reuptake inhibitors (SSRI, %) 3% 16% 15%

Caffeinated beverages/day 2.8±1.9 2.7±2.2 1.8±1.7

ETOH (current drinks/week) 0.5±0.3 0.6±0.4 0.9±0.6*, #

Smoking (ever, %) 33% 21% 42%

Smoking (current, %) 5% 5% 11%

Exercise (current, min/week) 143±54 141±81 136±56

Exercise (past, min/week) 165±72 150±86 124±65
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the ILBMD group (11%) and 11 controls (28%; p = NS).
Among subjects and controls with serum 25-OHD levels
below 20 ng/mL, the mean PTH level was normal (24.3±
11.3 pg/mL; normal, 14–66 pg/ml). Serum albumin
corrected calcium levels did not differ between those with
25-OHD below 20 ng/mL compared to the others in any
study group; total calcium intake was significantly lower in

those with 25-OHD below 20 ng/mL in the IOP group only
(916±554 mg/day vs 1,390±579 mg/day; p=0.049).

Serum PTH was significantly higher in both ILBMD and
IOP groups than controls, although all means were within the
normal range. None of the controls had serum PTH levels
>38 pg/ml. In contrast, 12 subjects had PTH levels ≥40 pg/ml
(mean, 46.4±8.8 pg/ml); they did not differ significantly from
those with levels <40 pg/ml with regard to age, anthropomet-
ric features, BMD, vitamin D metabolites, or bone turnover
markers (BTMs; data not shown), except for serum P1NP
which was lower in the women with higher PTH (41.6±9.2 vs
50.0±19.4 pg/ml; P=0.03). Calcium absorption, measured in
a subset, did not differ between the groups.

Urinary calcium excretion, assessed on the subjects’
typical diet and supplement regimen and expressed as
milligrams per gram creatinine or milligrams per kilo-
gram, was slightly but not significantly higher in both
groups of subjects (Table 2). Urinary calcium above
250 mg/24 h was present in 30% of controls, 22% of IOP,
and 39% of ILBMD subjects. Urinary calcium above
4 mg/kg was present in similar proportions: 23% of
controls, 24% of IOP, and 39% of ILBMD subjects; these

Fig. 1 BMD Z-scores at the LS, total hip (TH), femoral neck (FN),
and distal radius (DR)

Table 2 Biochemical characteristics of the study groups

Control, n=40 IOP, n=45 ILBMD, n=19

FSH (mIU/ml) 7.2±3.5 7.5±3.7 7.5±2.5

Total E2 (pg/ml) 38.6±33.9 37.7±29.1 35.3±23.6

SHBG (nmol/L) 70.3±31.8 85.9±39.8 83.4±41.2

Free E2 (pmol/L) 1.74±1.39 1.90±3.29 1.40±0.88

Free E2 (%) 1.3±0.4 1.2±0.3 1.2±0.3

Calcium (albumin-adjusted; mg/dL) 9.0±0.3 9.1±0.6 8.9±0.3

Phosphorus (mg/dL) 3.5±0.4 3.4±0.5 3.6±0.6

25-OHD (ng/mL) 30.3±13.4 36.9±16.4 37.7±12.3

1,25(OH)2D (pg/ml) 48.7±10.8 54.6±18.5 56.3±12.2

PTH (pg/mL) 22.4±9.1 29.2±10.6** 29.5±15.6*

24-h urine calcium (mg/g creatinine) 161.6±67.5 183.9±88.5 210.5±69.8

24-h urine calcium (mg/kg) 3.0±1.4 3.3±2.1 4.2±2.0

Calcium absorption (%; Φ) 31.8±7.2 32.7±7.5 30.0±8.2

P1NP (μg/L) 46.6±17.9 46.5±18.0 51.7±17.5

BAP (U/L) 20.3±6.4 22.0±6.6 21.5±5.0

Osteocalcin (ng/ml) 15.4±7.9 15.7±8.1 15.5±6.0

CTx (ng/ml) 0.287±0.186 0.354±0.194 0.333±0.127

TRAP5b (U/L) 1.57±0.95 2.24±1.22** 2.31±1.01**

Urine NTx nMBCE/mMCr 35.6±15.5 43.7±22.5 36.4±18.8

IGF-1 (ng/ml) 184.2±54.7 182.0±53.8 171.9±56.4

Urine cortisol (mcg/24 h) 58.8±30.8 67.6±84.3 67.4±53.4

No significant differences seen between IOP and ILBMD. Φ Performed in a subset (n=33 in Controls, n=26 in IOP, n=9 in ILBMD)

*p<0.05 vs controls; **p<0.01 vs controls

Abbreviations: FSH, follicle stimulating hormone; E2, estradiol; SHBG, sex hormone-binding globulin; 25-OHD, 25-hydroxyvitamin D; 1,25
(OH)2D, 1,25 dihydroxyvitamin D; P1NP, N-terminal propeptides of procollagen type 1; BAP, bone specific alkaline phosphatase; CTx, C-
telopeptide; TRAP5b, tartrate resistant acid phosphatase isoform 5b, NTx, N-telopeptide; IGF-1, insulin-like growth factor-1
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differences were not significant. Those with urine calcium
excretion above or below 4 mg/kg did not differ
significantly in terms of PTH, 1,25(OH)2D, 25-OHD, or
total calcium intake.

Urinary calcium excretion was directly, but not signifi-
cantly, associated with total calcium intake in controls
(R=0.29; p=0.07) and ILBMD subjects (R=0.36; p=0.19);

in contrast, the association was significant in IOP subjects
(R=0.37; p=0.03; Fig. 2). Urinary calcium excretion was
inversely associated with serum PTH in controls (R=−0.43;
p=0.005), but there was no significant association with PTH
in either the IOP or ILBMD groups (Fig. 2). Serum PTH did
not correlate significantly with serum calcium, phosphate,
25-OHD, 1,25(OH)2D, calcium absorption or calcium intake

Fig. 2 Twenty-four-hour urine Ca vs total Ca intake and PTH: scatter
plots and correlation coefficients (R) showing associations between a
24-h urinary calcium excretion and total dietary calcium intake in

control, IOP, and ILBMD groups and between b 24-h urinary calcium
excretion and serum PTH in control, IOP, and ILBMD groups

Fig. 3 TRAP5b vs PTH and 24-h urine Ca: scatter plots and correlation coefficients (R) showing associations between a TRAP5b and serum PTH in
control, IOP, and ILBMD groups and between b TRAP5b and 24-h urinary calcium excretion in control, IOP, and ILBMD groups
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in any group. Urinary calcium excretion did not correlate
with phosphate, sodium, or protein intake in any group.

Serum 25-OHD was inversely associated with lumbar
spine (LS), TH, and FN BMD in the IOP group (R=−0.38
to −0.43; p=0.005–0.02). PTH, 1,25(OH)2D, urinary
calcium excretion, and calcium absorption did not
correlate significantly with BMD at any site in any
group.

Bone turnover markers

Serum BAP, osteocalcin, P1NP and CTx, and urinary NTx
did not differ significantly among the groups. In contrast,
TRAP5b was significantly higher in both groups of subjects
(by 43% in IOPs; p=0.007 and 47% in ILBMDs; p=0.008)
than controls. TRAP5b was directly associated with serum
PTH (Fig. 3) in all three groups. PTH also correlated
directly with serum BAP in controls (R=0.41; p=0.008),
serum osteocalcin in IOP (R=0.39; p=0.01), and serum
CTx in ILBMD (R=0.48; p=0.04). TRAP5b was inversely
associated with urinary calcium excretion (milligrams per
gram of creatinine) in controls (R=−0.33; p=0.04); in
contrast, it was directly associated with urinary calcium in
the ILBMD group (R=+0.49; p=0.03; Fig. 3). There was
no association between TRAP5b and urinary calcium in the
IOP group (R=0.02; p=0.9).

Four IOP subjects fractured between 3 and 6 months
before enrollment. Mean TRAP5b in these four subjects
was 2.47±1.16 U/L, not significantly different from the
other IOP subjects. In addition, no other BTM differed
significantly between these four subjects and the remainder
of the IOP group.

No consistent relationships were detected between
BTMs and BMD. All BTMs correlated inversely and
significantly with age in the controls (R=−0.34 to −0.66;
p=<0.0001–0.04). Similar relationships were seen between
age and CTx, osteocalcin, and P1NP in the IOP subjects
(R=−0.32 to −0.54; p=0.0002–0.04), while no significant
relationships were seen between age and BTMs in the
ILBMD group.

IGF-1 and cortisol

Mean serum IGF-1 levels did not differ between IOP
subjects and controls (Table 2). Similarly, in a subset,
IGFBP3 and the IGF-1/IGFBP3 ratio did not differ among
the groups (data not shown). As expected, IGF-1 correlated
inversely with age in each group (R=−0.77 to −0.55;
p=0.001 to <0.0001). Serum IGF-1 was directly and
significantly associated with all bone turnover markers in
the controls (R=0.41–0.62; p=0.009 to <0.0001) (Table 3).
Except for BAP, these relationships did not remain
significant after controlling for age. In contrast, IGF-1
did not correlate with any bone turnover marker in either
group of subjects or in the IOP and ILBMD groups
combined (R=−0.09–0.09; p=0.5–0.9), and the results did
not change with the addition of age as a covariate. IGF-1
did not correlate significantly with BMD at any site in any
group.

Subgroup analyses

The IOP subjects with normal BMD at all sites (n=12)
had higher BMI (28.5±5.7 vs 21.5±2.9 kg/m2; p=0.002),
lower serum 25-OHD levels (27±21 vs 41±13 ng/mL;
p=0.02) and lower urine calcium excretion (140±52 vs
201±94 mg/gCr; p=0.01) compared to IOP subjects with
low BMD, but did not differ in any other respect. The
ILBMD subjects with low LS BMD only did not differ
from the other ILBMD subjects in any respect.

Discussion

This is the largest study to characterize clinical and
biochemical features of premenopausal women with unex-
plained osteoporosis, and the only one to investigate
whether women with a history of low-trauma adult fractures
differ clinically or biochemically from those with low BMD
but no low-trauma adult fractures. Compared to controls,
women in the IOP and ILBMD groups weighed less, had

Table 3 Serum IGF-1 and bone turnover markers

Correlation with IGF-1 (R; p) Correlation with IGF-1 in analyses controlling for age (R; p)

Control IOP ILBMD Control IOP ILBMD

BAP 0.62; <0.0001 0.04; 0.8 −0.03; 0.9 0.32; 0.04 0.06; 0.7 0.09; 0.7

Osteocalcin 0.61; <0.0001 −0.04; 0.8 −0.01; 1.0 0.21; 0.2 0.27; 0.09 0.15; 0.5

P1NP 0.47; 0.002 0.16; 0.3 −0.02; 0.9 0.03; 0.8 0.02; 0.9 0.17; 0.5

TRAP5b 0.41; 0.008 0.01; 0.9 −0.22; 0.4 0.03; 0.8 0.15; 0.4 0.17; 0.5

CTx 0.47; 0.002 0.16; 0.3 −2.0; 0.4 0.11; 0.5 0.20; 0.2 0.31; 0.2

NTx 0.41; 0.009 −0.11 0.5 −0.11; 0.7 0.25; 0.13 0.23; 0.16 0.07; 0.8
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lower BMD, and were more likely to take calcium supple-
ments. A family history of osteoporosis was most common
in the women with ILBMD, who also had the latest
menarchal age and highest calcium intake of the three
groups. Serum reproductive hormones, calcium, vitamin D
metabolites, IGF1, urinary calcium excretion, bone forma-
tion markers, and certain resorption markers were compa-
rable between the affected groups and also controls. In
contrast, serum PTH and TRAP5b were comparably and
significantly higher in the IOP and ILBMD groups than
controls, although mean PTH was well within the normal
range; there were direct correlations between PTH and
TRAP5b in all three groups.

The lower BMI in our subjects is consistent with our
previous studies of premenopausal osteoporosis [9, 10, 13, 31]
and those of Peris et al. [9, 10, 13, 31].

In contrast, reproductive hormones, indices of mineral
metabolism, and BTMs differed from other studies of women
with IOP. In a small study of 13 women with IOP, we found
lower follicular phase serum estradiol levels and higher bone
resorption markers (urinary NTx) in women with IOP [31].
The discrepancies between our previous and new results may
be because our current sample size is larger and none of the
women were receiving hormonal contraception. Neither
study measured estrogen levels accross the menstrual cycle,
which is likely to be a more accurate assessment of estrogen
exposure than a single measurement in the follicular phase.

Also, in contrast to prior studies [13, 31], urinary NTx did
not differ between subjects and controls. Similarly, serum
CTx did not differ. In contrast, TRAP5b was higher in both
the IOP and ILBMD groups than controls and correlated
directly with serum PTH in all three groups. To our
knowledge, TRAP5b has not previously been evaluated in
IOP. TRAP5b is thought by some [44] to be a specific
marker for the activity of differentiated osteoclasts, while
others [45] believe that it reflects the number of differenti-
ated osteoclasts rather than their activity. Our finding that
TRAP5b was elevated in IOP and ILBMD in the face of no
differences in CTx or NTx supports the view that TRAP5b
provides different information. Although, the significance of
the elevated TRAP5b levels in IOP and ILBMD is presently
unclear, ongoing histomorphometric analysis of iliac crest
biopsies from our subjects should help elucidate this.

In men with IOP, we and others have linked reduced
serum levels of IGF-1 to reduced BMD [15, 23], and some
have observed significant correlations between reduced
IGF-1 levels and histomorphometric parameters of bone
formation [15, 20]. In contrast to studies in men, but similar
to our previous small study of women with IOP [31], serum
IGF-1 did not differ between osteoporotic and normal
women and did not correlate with BMD. There were the
expected inverse associations between IGF-1 and age in all
three groups and IGF-1 correlated inversely with all bone

turnover markers in controls. However, most of the
associations were no longer significant after controlling
for age, and thus likely reflect co-linearity between age,
IGF-1, and BTMs. In contrast, although IGF-1 was
inversely related to age in both IOP and ILBMD groups,
and BTMs were also inversely related to age in the IOP
group, serum IGF-1 did not correlate significantly with any
bone turnover marker in either the IOP or ILBMD group. It
is unclear why the significant unadjusted associations
between IGF-1 and BTMs in the controls were not detected
in the affected subjects; it may be because the relationship
between IGF-1 and bone turnover may indeed be altered in
the subjects. In addition, as IGF-1 is predominantly bound
to IGFBP3 and restricted to the intravascular space,
measurement of total circulating serum IGF-1 levels may
not reflect the levels available in the bone microenviron-
ment of a particular tissue [46].

Several studies of men [4, 7, 11, 12, 15, 16] and one of
women [13] with IOP have found a substantial proportion
with hypercalciuria. While our study design excluded
subjects and controls with marked hypercalciuria
(>300 mg/g creatinine), we included women with less
markedly elevated urinary calcium excretion to examine
whether this feature distinguished affected subjects from
controls. Similar to Peris et al. [13], we too found that
urinary calcium excretion was higher in affected subjects
than controls, although results did not reach statistical
signficance. However, our results may not be directly
comparable to the Peris study, as the authors did not
provide information regarding dietary calcium and supple-
ment use in their subjects [13].

While some subjects and controls had serum 25-OHD
concentrations below 20 ng/ml, a level currently considered
to represent vitamin D deficiency, the prevalence of D
deficiency did not differ between the groups, and PTH was
not higher in those with lower serum 25-OHD levels.
However, although mean PTH levels were normal in
subjects and controls, PTH levels were significantly higher
in the subjects. Of note, PTH levels correlated significantly
and positively with TRAP5b levels in all three groups
suggesting that elevated PTH could be contributing to
higher osteoclast number and/or bone resorption. However,
PTH did not correlate with vitamin D levels in these
groups, and the pattern of differences in indices of mineral
metabolism between affected subjects and controls did not
support either primary or secondary hyperparathyroidism
related to calcium or vitamin D deficiency.

We considered whether higher PTH levels and higher
TRAP5b levels could reflect some degree of secondary
hyperparathyroidism related to renal calcium losses in the
affected subjects. Control subjects had expected physiolog-
ic relationships between calcium intake, urinary calcium
excretion, and PTH; higher calcium intake was associated
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with a trend towards higher calcium excretion, which was
associated with lower PTH and lower TRAP5b. In contrast,
in both IOPs and ILBMDs, urinary calcium varied widely
with both low and high values present among those with
higher PTH and TRAP5b. This suggests heterogeneity in
the pathogenesis of both IOP and ILBMD. Various causes
of secondary hyperparathyroidism, including both calcium
deficiency and hypercalciuria, may have limited our
interpretation of these data. Studies of calcium balance on
standardized intakes would be a useful avenue to pursue in
future attempts to understand the pathogenesis of IOP as it
relates to renal calcium losses and intestinal calcium
malabsorption.

One of the original goals of this study was to determine
whether subjects included on the basis of fracture (IOP) and
those included on the basis of low BMD (ILBMD) differed
in any significant way. Overall, we found rather few
differences between the IOP and ILBMD groups. Both
affected groups differed from controls in terms of weight,
BMI, BMD, and calcium intake. In addition, both affected
groups had elevated PTH and TRAP5b compared to
controls. ILBMD patients differed from IOP patients in
only a few ways: later menarche, family history of
osteoporosis, phosphate intake, and alcohol intake. Because
of the limited sample sizes here and the potential for
ascertainment bias, it is difficult to determine which, if any,
of these differential features are pathogenetically related to
low BMD. Women in this group may have had BMD
measured or responded to study advertisement because of a
family history of osteoporosis or because of knowledge of
the relationship between osteoporosis and later menarchal
age [47, 48]. Phosphate and alcohol intake were not
unusually elevated in any group and the statistically
significant differences between the groups are unlikely to
be clinically significant. It is interesting that although the
ILBMD group included no subjects with adult low-trauma
fractures, a substantial proportion had a history of child-
hood or adolescent fractures and also of high-trauma
fractures. This observation suggests that defects in bone
quality may develop early, that a history of childhood fractures
may presage lower adult BMD and/or abnormal bone quality,
as recently reported by Ferrari and colleagues [49], and also
that the absence of a fracture history may simply be due to
the lack of an appropriately severe injury. This concept is
also supported by our HR-pQCT results that showed micro-
architectural deterioration and reduced estimated bone
stiffness at the radius and tibia, regardless of whether
subjects had sustained a fracture or had low BMD [36].
Thus, this distinction does not appear to be clinically useful,
at least in terms of understanding the pathogenesis of IOP.

This study has several limitations. Our younger subjects
may not have reached peak bone mass. We may have
misclassified fractures as low trauma when in fact they did

not reflect abnormal fragility. Our sample size was too
small to permit subgroup analyses by fracture type.
Premenopausal women who have BMD measured or
volunteered for this study may have done so because of a
family history of osteoporosis, thus biasing our findings
related to the presence of family history. Likewise, those
diagnosed with osteoporosis or low BMD were already
taking supplements prior to study participation, which
limits interpretation of our findings regarding vitamin D
levels and urinary calcium excretion in these subjects. As
only cross-sectional data are available, we cannot determine
whether observed abnormalities result from ongoing bone
loss or past insults, which have now stabilized or resolved.
In particular, we may have failed to discern differences in
most BTMs because structural defects seen resulted from
past rather than ongoing insults to bone.

Our study also has important strengths. To our knowl-
edge, this is the largest case–control study of women with
IOP, and the first to compare those with low-trauma
fractures (IOP) to those with ILBMD. Both affected
subjects and controls were carefully characterized, and
common causes of secondary osteoporosis were excluded
by detailed clinical and biochemical evaluation.

In conclusion, as yet, no clear-cut unifying etiology has
emerged in our study of IOP in premenopausal women. The
consistent finding of elevated TRAP5b that was directly
related to PTH secretion in both groups of subjects suggests
that increased bone turnover, possibly related to some degree
of secondary hyperparathyroidism could contribute to their
condition. However, this disorder may also be the result of a
heterogeneous array of underlying causes. Overall, the
similarities between premenopausal women with fractures
and those with low BMD suggest that they represent a
clinical continuum and support a mandate for careful
individualized evaluations and tailored treatment plans.
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