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1.Division of Geriatrics, Department of Medicine, David Geffen School of Medicine at University of 
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2.University of Tokyo; Department of Geriatric Medicine, Graduate School of Medicine

3.Department of Epidemiology, Graduate School of Public Health, University of Pittsburgh

4.University of Michigan, Ann Arbor

Abstract

Purpose.—Composite indices of the femoral neck’s ability to withstand compressive 

(compression strength index, CSI) and impact (impact strength index, ISI) forces integrate DXA-

derived femoral neck width (FNW), bone mineral density (BMD), and body size. During the 

menopause transition (MT), FNW increases, and CSI and ISI decrease. This proof-of-concept 

study assessed whether a bone resorption marker, measured early in the MT, is associated with 

rates of change in FNW, CSI and ISI during the MT.

Methods.—We used previously collected bone resorption marker (urine collagen type I N-

telopeptide [U-NTX]) and femoral neck strength data from 696 participants from the Study of 

Women’s Health Across the Nation (SWAN), a longitudinal study of the MT in a multi-ethnic 

cohort of community-dwelling women.

Results.—Adjusted for MT stage (pre- vs. early perimenopause), age, body mass index (BMI), 

bone resorption marker collection time, and study site in multivariable linear regression, bone 

resorption in pre- and early perimenopause was not associated with transmenopausal decline rate 

in femoral neck BMD. However, each standard deviation (SD) increase in bone resorption level 

was associated with 0.2% per year slower increase in FNW (p=0.03), and 0.3% per year faster 

declines in CSI (p=0.02) and ISI (p=0.01). When restricted to women in early perimenopause, the 

associations of bone resorption with change in FNW, CSI, and ISI were similar to those in the full 

sample.
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Conclusions.—Measuring a bone resorption marker in pre- and early perimenopause may 

identify women who will experience the greatest loss in bone strength during the MT.

MINI-ABSTRACT

We assessed whether a bone resorption marker, measured early in the menopause transition (MT), 

is associated with change in femoral neck size and strength during the MT. Higher levels of bone 

resorption were associated with slower increases in femoral neck size and faster decreases in 

femoral neck strength.

Keywords

Menopause; biochemical markers of bone turnover; DXA; osteoporosis; general population 
studies

INTRODUCTION

Osteoporosis is characterized by low bone mass and structural deterioaration of bone tissue, 

leading to bone fragility, and an increased risk of fractures [1]. To assess an individual’s 

resistance to fracture, clinicians routinely measure bone mineral density (BMD) by dual X-

ray absorptiometry (DXA) [1]. BMD is associated with risk of fracture, but does not capture 

two critical determinants of bone strength. The first is bone size which predicts fracture risk, 

independent of BMD [2–10]. The second is body weight, as BMD that can withstand the 

trauma from a fall in an individual with lower body weight may not be adequate in an 

individual with higher body mass [2,9]. To account for these additional determinants of bone 

strength, we previously created composite indices of femoral neck strength, which combine 

BMD with bone size and body size [9]. These indices quantify femoral neck strength 

relative to the type and amount of trauma that the bone must withstand [9]. These composite 

strength indices predict fracture independently of BMD, and are correlated with estimates of 

bone strength by finite element analysis [9–11].

During the menopause transition (MT), loss of BMD is associated with an increase in bone 

formation at the outer periosteal surface (periosteal apposition), resulting in an increase in 

bone size [2,12]. However, this increase in bone size is not adequate to maintain bone 

strength [3,2]. Thus, composite strength indices that reflect the femoral neck’s ability to 

withstand compressive (compression strength index, CSI) and impact (impact strength 

index, ISI) forces begin to decline rapidly ~1 year before the final menustral period, and 

continue to decrease in postmenopause with a slight reduction in rate of loss ~2 years after 

the final menstrual period [2]. We refer to the period of most rapid BMD, CSI and ISI 

decline, from 1 year before to 2 years after the final menstrual period, as transmenopause 

[2,13]. Because decline in composite strength indices account for both the extent of BMD 

loss and the degree to which the associated increase in bone size is able to resist those 

losses, being able to predict rates of change in femoral neck size, CSI, and ISI may be more 

important than predicting rate of decline in BMD alone.

The objective of this proof-of-concept study was, therefore, to determine if a bone resorption 

marker, measured early in the MT, can predict subsequent rate of increase in femoral neck 
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size (as reflected by femoral neck width [FNW]) and rates of decline in femoral neck CSI 

and ISI during transmenopause. We used data from the Study of Women’s Health Across the 

Nation (SWAN), a longitudinal study of the MT in a multi-ethnic, community-based cohort 

of participants with annual measures of the bone resorption marker, urine collagen type I N-

telopeptide (U-NTX), BMD, FNW, and femoral neck strength. This study was designed to 

answer 3 questions: 1) Does bone resorption, assessed by measuring U-NTX in pre- or early 

perimenopause, predict rate of transmenopausal increase in FNW; 2) Does bone resorption 

predict rates of transmenopausal decline in composite indices of femoral neck strength 

during transmenopause; and 3) Does bone resorption predict the rate of loss of femoral neck 

strength better if measured during early perimenopause (once the MT has begun)?

MATERIALS AND METHODS

Study Sample

SWAN is a multi-center, longitudinal study of the MT in a multi-ethnic cohort of 

community-based women. At SWAN baseline, participants were between 42 to 52 years of 

age, in pre- (no change in menstrual regularity in the past year) or early perimenopause 

(menstruating 3 months prior to screening with decreased regularity in the past year), had an 

intact uterus with at least 1 ovary, were not pregnant or lactating, and not taking sex steroid 

hormones. The entire SWAN cohort consisted of 3,302 participants, recruited from seven 

clinical sites: Boston, MA; Chicago, IL; Detroit, MI; Pittsburgh, PA; Los Angeles, CA; 

Newark, NJ; and Oakland CA. Chicago and Newark did not perform bone assessments; the 

SWAN Bone Cohort included 2,413 participants from the remaining five sites. These 

participants had lumbar spine and femoral neck BMD measured by dual X-ray 

absorptiometry (DXA) at each visit. The interval between visits was 1 year, except between 

the 11th and 12th, and the 14th and 15th follow-up visits, which were separated by 2 years. 

All participants provided written informed consent, and each site obtained institutional 

review board approval.

The SWAN Hip Strength Sub-Study included 1,986 women who had DXA scans at baseline, 

and at >2 follow-up visits through the tenth follow-up visit. In these individuals, femoral 

neck size was measured from archived scans of the hip from the baseline visit, the first visit 

after each change in clinical MT stage, and the last SWAN visit. There were a total of 6,523 

hip scans in these 1,986 women [2]. Among these participants, 921 participants had a known 

final menstrual period date [9,2]. Then, to calculate the annualized rates of decline during 

transmenopause, we excluded participants who did not have a follow-up DXA data after the 

completion of transmenopause (2 years after the final menstrual period, N=122) or reported 

taking any bone-modifying medications (i.e., sex steroid hormones, medications that affect 

sex steroid hormone metabolism [GnRH agonists, aromatase inhibitors, selective estrogen 

receptor modulators], oral glucocorticoids, chemotherapy, and anti-epileptics) at any time 

prior to the follow-up DXA (N=103). This left us with a study sample of 696 women.

Predictors

Bone resorption was assessed using U-NTX, a bone resorption marker that was commonly 

measured when SWAN was initiated in 1996, and thus available to us in the SWAN dataset. 
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Participants provided fasting, non-first voided urine samples before 10AM. Specimens were 

first stored locally between −20 to −80 degrees Celsius (exact temperature not recorded) for 

less than one month. Samples were then shipped to the Central Lab (Medical Research 

Laboratories, Highland Heights, KY), where they were stored at −80 degrees Celsius. U-

NTX was quantified using the Osteomark competitive inhibition enzyme immunoassay (nM 

BCE; Osteomark, Ostex International Inc., Seattle WA; inter-assay CV <12%; intra-assay 

CV <8%). The Cobas Mira analyzer was used to measure urinary creatinine (mM; Horiba 

ABX, Montpellier, France; inter-assay CV 4.1%; intra-assay CV 0.6%). U-NTX was 

normalized to urinary creatinine and expressed in the following units: nM BCE/mM Cr [14–

17].

Outcomes

BMD measurement.—Femoral neck BMD was measured by DXA using the Hologic 

QDR 2000 (Pittsburgh and Oakland) or the Hologic QDR 4500A (Boston, Los Angeles, and 

Michigan). An anthropomorphic spine phantom was circulated between sites for cross-site 

calibration. Standard quality control phantom scans were performed prior to each DXA 

session, and used to adjust for machine drift. Pittsburgh and Oakland upgraded from the 

Hologic 2000 to 4500A models at the follow-up visit 8. Cross-calibration was achieved at 

each site by scanning 40 women on their old and new machines at the same visit [13].

Femoral neck size measurements.—Femoral neck axis length (FNAL) and femoral 

neck width (FNW) were measured from the DXA monitor using pixel sizes provided by 

Hologic. FNAL is defined as the distance from the lateral margin of the greater trochanter to 

the apex of the femoral head. FNW is the smallest femoral neck thickness along a line 

perpendicular to the femoral neck axis [9,2].

Femoral neck strength indices computation.—Composite indices of the femoral 

neck’s ability to withstand compressive (compressive strength index, CSI) and impact 

(impact strength index, ISI) forces resulting from a fall were derived from DXA-based 

measures of BMD, bone size (FNAL and FNW), and body size as shown below:

Compression strength index (CSI) = (BMD*FNW)/body weight

Impact strength index (ISI) = (BMD*FNW*FNAL)/(height*body weight)

Both indices are expressed in g/(kg*m). To assess reproducibility, 20 participants were 

scanned twice on the same day with repositioning. This provided duplicate measures of 

BMD, FNAL, and FNW. Intraclass correlation coefficients for CSI and ISI were ≥0.98 [2,9].

Rates of decline in femoral neck BMD, size, and strength during 
transmenopause.—We calculated the annualized rates of change in femoral neck BMD, 

FNW, and femoral neck strength (CSI and ISI) during transmenopause as the percentage 

change of each measure from the SWAN baseline visit to the first follow-up visit ~2 years 

after the final menstrual period, divided by the time (in years) from the start of 
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transmenopause (T1) to the follow up visit (T2) (Figure 1). Note, that CSI and ISI do not 

change significantly prior to the start of transmenopause (T1) [2].

Covariates

Body mass index (BMI) was calculated from weight and height [BMI = weight in 

kilograms/(height in meters)2]. Clinical MT status was determined by menstrual bleeding 

patterns. Premenopause was defined as no change in menstrual bleeding pattern. Early 

perimenopausal was defined as less predictable menstrual cycles, without any gaps of ≥3 

months. Other covariates included study site, age (in years), race/ethnicity (self report), and 

urine collection time (to account for diurnal variation in U-NTX levels) [18].

Statistical Analysis

Descriptive statistics for all variables were generated and distributions of continuous 

variables were assessed for normality. Differences between pre- vs. early perimenopausal 

participants at SWAN baseline were assessed by the independent samples t-test (continuous 

variables) or Chi-square test (categorical variables). Pearson correlations of the rate of 

transmenopausal decline in femoral neck BMD and rate of increase in FNW with rates of 

decline in femoral neck composite strength indices, CSI and ISI, were examined.

The first set of regression analyses assessed whether bone resorption at SWAN baseline, 

when participants were in pre- or early perimenopause, is associated with rate of change in 

the various components of femoral neck CSI and ISI (Figure 1). We used multivariable 

linear regression with annualized rates of decline in femoral neck BMD, FNW, CSI or ISI 

during transmenopause as continuous outcomes in separate models; U-NTX at the SWAN 

baseline visit as the primary predictor; and MT stage (pre- vs. early perimenopause), age, 

race/ethnicity, BMI, urine collection time (to account for diurnal variation in U-NTX), and 

study site as covariates. Covariates were obtained at the time of U-NTX measurement.

Our second set of analyses examined the association between bone resorption assessed 

specifically in early perimenopause with rates of change in femoral neck strength (Figure 1). 

We again used multivariable linear regression with annualized transmenopausal rates of 

change as continuous outcomes; each participant’s first available early perimenopausal U-

NTX measurement as primary predictor; and age, race/ethnicity, BMI, urine collection time, 

and study site as covariates. Covariates were obtained at the time of U-NTX measurement. 

In women who were premenopausal at baseline and transitioned to early perimenopause 

during study follow-up, the first available early perimenopausal U-NTX measurement 

occurred within ~1 year of experiencing less predictable menstrual bleeding. In contrast, 

participants who were already in early perimenopause at SWAN baseline may have been 

menstruating with decreased regularity for more than 1 year. To determine whether the 

timing of U-NTX measurement within early perimenopause modifies the association 

between early perimenopausal U-NTX and decline in femoral neck strength, we additionally 

tested for an interaction between U-NTX and baseline MT stage.

In supplementary analyses, we examined the associations of U-NTX with the rate of 

transmenopausal change in cross-sectional femoral neck bone mineral content (BMC, 

calculated as BMD*FNW, in g/cm). Specifically, we used multivariable linear regression 
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with rate of transmenopausal change in cross-sectional femoral neck bone mineral content as 

outcome, U-NTX at SWAN baseline or early perimenopause as primary predictors in 

separate models, and age, BMI, race/ethnicity, urine collection time, and study site as 

covariates.

RESULTS

Participant Characteristics at SWAN Baseline

At the SWAN baseline visit, participants had a mean age of 46.9 years (range 42.0 to 52.8 

years). Nearly half were white, 26.4% African American, 17.2% Chinese, and 12.2% 

Japanese. The majority of participants were in premenopause (54.5%; N=381), and the 

remaining in early perimenopause (N=315). Compared to premenopausal participants, early 

perimenopausal subjects had slightly higher BMI (27.7 vs. 26.5 kg/m2, p=0.09), and 

significantly higher U-NTX levels (36.5 vs. 33.8 nM BCE/mM Cr, p=0.005).

Mean rate of decline in femoral neck BMD during transmenopause was 1.6% per year. FNW 

increased by a mean rate of 1.1% per year. Mean rates of decline in CSI and ISI were 1.6% 

per year and 1.7% per year, respectively (Table 1). Of the 174 women whose femoral neck 

BMD decline rate during transmenopause was in the fastest 25% of the distribution (faster 

than 3.0% per year), only 79 (45.4%) and 75 (43.1%) were also the fastest 25% of CSI and 

ISI decliners, respectively. Changes in both BMD and FNW contributed to changes in CSI 

and ISI. The Pearson correlation coefficients between BMD decline rate and strength index 

decline rates were 0.35 for CSI (p<0.01) and 0.33 for ISI (p<0.01). The correlation 

coefficients between rates of change in FNW and in each of the strength indices were 0.42 

and 0.39 for CSI (p<0.01) and ISI (p<0.01), respectively. Since on average, FNW increases 

and strength indices decline, the positive correlations between the two rates of change mean 

that faster increases in FNW are associated with slower declines in the strength indices.

Baseline Bone Resorption and Rates of Transmenopausal Decline in Femoral Neck Width 
and Strength

Adjusted for MT stage (pre- vs. early perimenopause), age, BMI, race/ethnicity, urine 

collection time, and study site in multivariable linear regression, higher U-NTX at SWAN 

baseline was not significantly associated with subsequent rate of decline in femoral neck 

BMD during transmenopause (p=0.5), but did predict slower rise (less positive rate of 

change) in FNW (p=0.03), and faster declines (more negative rates of change) in CSI 

(p=0.02) and ISI (p=0.01). Specifically, each standard deviation (SD) increment in baseline 

U-NTX was associated with a 0.2% per year slower rise in FNW, and 0.3% per year faster 

declines in both CSI and ISI (Table 2).

Participant Characteristics at First Available Early Perimenopausal Visit

All 381 women in the study sample who were premenopausal at baseline had a follow up 

visit in early perimenopause. The data from their first early perimenopausal visit were 

combined with the baseline data from the 315 women who were early perimenopausal at 

baseline, for the second set of analyses. Mean age and BMI were 48.1 years and 27.2 kg/m2, 

respectively. Mean U-NTX was 35.6 nM BCE/mM Cr.
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First Available Assessment of Bone Resorption in Early Perimenopause and Rates of 
Transmenopausal Decline in Femoral Neck Width and Strength

In multivariable linear regression, adjusted for age, BMI, race/ethnicity, urine collection 

time, and study site, the first available U-NTX for participants in early perimenopause was a 

significant predictor of rates of change in FNW, CSI and ISI. Specifically, each SD 

increment in early perimenopausal U-NTX was associated with 0.2% per year slower 

increases in FNW, and 0.4% per year faster declines in both CSI (p=0.01) and ISI (p=0.01) 

(Table 3). There was no statistically significant interaction between U-NTX and the 

participants’ baseline MT stage (p>0.1 for all), suggesting that the timing of U-NTX 

measurement within early perimenopause did not modify the association between U-NTX 

and change in FNW and femoral neck strength.

Supplementary Analyses

Because U-NTX at SWAN baseline and early perimenopause were not significant predictors 

of change in femoral neck BMD, but were associated with the rate of transmenopausal 

change in FNW, CSI, and ISI, we additionally examined the association of U-NTX with rate 

of transmenopausal change in cross-sectional femoral neck BMC (calculated as 

BMD*FNW, g/cm). In multivariable linear regression adjusted for age, BMI, race/ethnicity, 

urine collection time, and study site, higher U-NTX was associated with faster declines in 

cross-sectional femoral neck BMC: Each SD increment in U-NTX at SWAN baseline was 

associated with a 0.2% per year faster decline in femoral neck cross-sectional BMC 

(p=0.08); the same increment in U-NTX in early perimenopause was associated with a 0.3% 

per year faster decline in cross-sectional BMC (p=0.005).

DISCUSSION

Because U-NTX is an early-generation bone resorption marker that is not used in clinical 

practice, we consider this a proof-of-concept study: it demonstrates the potential value of 

assessing bone turnover markers in pre- or early perimenopause to forecast MT-related 

decline in bone strength. We found that although a higher level of resporption in pre- or 

early perimenopause was not associated with faster decline in femoral neck BMD during 

transmenopause, it was associated with slower increases in FNW and faster declines in CSI 

and ISI. The associations were similar whether bone resorption was assessed before or after 

menstrual bleeding becomes irregular.

While many studies have previously reported that higher bone turnover markers predict 

faster BMD decline [19–23,14,16,24–27], being able to predict rates of change in FNW, CSI 

and ISI may be more important because change in these composite strength indices reflects 

both the extent of BMD loss and the degree to which the concurrent increase in bone size is 

able to resist those losses [2]. The degree to which bone strength is maintained varies among 

women, so that fewer than half the women who were fast BMD decliners during 

transmenopause (i.e., their BMD loss rate was in the fastest quartile) were also fast decliners 

of CSI and ISI (i.e., in the fastest quartile of CSI and ISI loss) [18]. This is the first study to 

demonstrate the utitily of early measurement of bone resorption markers (before the 

occurrence of substantial MT-related bone loss) for predicting MT-related changes in 
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femoral neck size and bone strength. Further, this is among the first studies to demonstrate 

the differential utility of a bone resorption marker in predicting changes in the different 

components of femoral neck strength (size vs. BMD) [28,29].

Our first key finding was that a higher level of bone resorption is associated with slower 

increases in femoral neck size (assessed by FNW) during transmenopause. One plausible 

explanation for this finding is that the degree to which femoral neck size increases is 

determined by not only the amount of bone that is formed through periosteal apposition 

(which would increase bone size), but also bone that is removed through periosteal 

resorption (which would decrease bone size) [30–32]. One mechanism by which periosteal 

bone resorption and formation contribute to changes in bone macroarchitecture is through 

coordinated modeling drifts [33]. Our findings indirectly suggest that during 

transmenopause, the relative activity of osteoclastic and osteoblastic drifts are associated 

with changes in bone size.

Our second key finding was that level of bone resorption is not associated with femoral neck 

BMD decline rate during transmenopause, but is associated with rates of change in FNW, 

CSI and ISI over the same period. One possible explanation is that the femoral neck contains 

substantial amounts of cortical bone, and the periosteal expansion that is associated with 

endocortical bone loss may not be adequately captured by serial areal BMD measurements 

by DXA [34]. In contrast, since FNW does increase during the MT, changes in composite 

strength indices that include FNW, such as CSI and ISI, likely capture cortical bone strength 

changes better than changes in areal BMD alone. This explanation is supported by our 

supplementary analyses demonstrating that U-NTX is associated with change in cross-

sectional femoral neck bone mineral content. Of note, changes in BMD and FNW were both 

correlated with changes in the strength indices during transmenopause in our cohort. That 

both CSI and ISI declined over the MT despite increases in FNW suggests that increases in 

bone size are not adequate to maintain bone strength in the context of rapid MT-related bone 

loss. Similar findings have been reported for postmenopausal bone loss [3].

Our third key finding is that the association between level of bone resorption and rates of 

change in FNW, CSI and ISI during transmenopause were similar, regardless of MT stage 

(pre- vs. early perimenopause). Of note, we assessed bone resorption at the first available 

visit in early perimenopause. Participants who were already in early perimenopause at 

SWAN baseline would have already been in early perimenopause for an indeterminate 

amount of time. In contrast, participants who were in premenopause at baseline transitioned 

to early perimenopause during follow-up; in these women, the first early perimenopausal 

would have occurred ~1 year or less into that MT stage. We found that there was no 

significant interaction between bone resorption and baseline MT stage in our models, 

suggesting that the timing of bone resorption assessment within early perimenopause does 

not significantly modify the association between bone resorption and subsequent change in 

femoral neck strength. This is important because early perimenopause can last anywhere 

from several months to many years in different women [35].

Our study has several limitations. The principal one is that only U-NTX was available in the 

SWAN database. While this bone resorption marker was commonly used at the inception of 
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SWAN in 1996, serum type I collagen C-telopeptide (S-CTX) is now recommended for 

clinical research and practice [36]. The major disadvantage of using U-NTX is that urinary 

measures of bone turnover may be more variable than serum measures because adjusting for 

urinary creatinine increases variability [14]. However, this shortcoming is conservative, and 

would lead to non-differential misclassification, and bias our results towards the null. 

Therefore, the conceptual relevance of our finding, that the degree of bone resorption can 

predict impending loss of bone strength during the MT, is not diminished. Finally, there are 

newer technologies for assessing femoral neck strength [37–39]. Nonetheless, CSI and ISI 

correlate with CT-based estimates of bone strength by finite element analysis [11], and to 

our knowledge, there are no currently published studies reporting the longitudinal 

transmenopausal change in femoral neck strength assessed using non-DXA-based 

technologies.

To conclude, this study confirms that bone resorption (quantified early in the MT, in this 

instance, using U-NTX) is associated with rates of change in femoral neck size and strength. 

This finding is important and unique because changes in FNW, CSI, and ISI during 

transmenopause convey information on the degree to which the increase in bone size is able 

to maintain bone strength when faced with transmenopausal BMD loss [2]. When assessed 

during pre- and early perimenopause, higher levels of bone resorption strongly predicted 

slower increases in FNW and faster declines in CSI and ISI during the most rapid phase of 

MT-related loss of bone strength. Building on these proof-of-concept findings, future studies 

will need to confirm these results using S-CTX and finite element analysis, with the ultimate 

goal of being able to identify women who are at highest risk for rapid loss of femoral neck 

strength in advance of significant skeletal deterioration.
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Figure 1. The time period over which rates of change in femoral neck strength parameters were 
assessed.
T1 refers to 1 year before the final menstrual period when rapid bone loss begins. T2 refers 

to 2 years after the final menstrual period when rate of bone loss slows slightly. The period 

between T1 and T2 has been termed transmenopause. The two time points at which U-
NTX was assessed. 1) We tested the associations between U-NTX measured at SWAN 

baseline when women are pre- or early perimenopausal (<3 months between less predictable 

cycles) with rates of change in femoral neck bone mineral bone density, width, compression 

strength index, and impact strength index during transmenopause. 2) We also tested the 

ability of the first available U-NTX from early perimenopause to predict compression and 

impact strength recognizing that in clinical practice, clinicians may be reluctant to check U-

NTX until there are clear indications of the menopause transition (e.g., less predictable 

menstrual cycles). *For participants who were already in early perimenopause at SWAN 

baseline, the first available early perimenopausal U-NTX was from the baseline visit. For 

women who were in premenopause at baseline and transitioned to early perimenopause 

during the study, the first available early perimenopausal U-NTX was from a follow-up visit. 

Note that early perimenopausal women could have been anywhere between several years to 

several months before the final menstrual period.
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Table 1.

Descriptive statistics
a
 for analytic sample at study baseline

b
; Study of Women’s Health Across the Nation 

(SWAN)

Study Sample
N=696

Age (years) 46.9 (2.6)

Race/Ethnicity

 African American 184 (26.4)

 White 307 (44.1)

 Chinese 120 (17.2)

 Japanese 85 (12.2)

Body mass index (kg/m2) 27.0 (6.8)

N-telopeptide, urine (nM BCE/mM Cr) 35.1 (17.0)

Annualized percent change in femoral neck strength parameters during transmenopause

 Femoral neck bone mineral density (%/year) −1.6 (2.1)

 Femoral neck width (%/year) +1.1 (1.8)

 Femoral neck compression strength index (%/year) −1.6 (3.7)

 Femoral neck impact strength index (%/year). −1.7 (3.8)

a
Count (percentage) for categorical variables; mean (standard deviation) for continuous variables. All variables (other than rate of change) were 

measured at SWAN baseline visit.

b
N=696. All participants were pre- or early perimenopausal at SWAN baseline.
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Table 2.

Adjusted associations
a
 of urinary N-telopeptide measured at SWAN baseline with rates of change in femoral 

neck strength parameters during transmenopause
b

β-coefficient
(95% Confidence Interval)

p-value

Femoral neck bone mineral density (g/cm2) −0.05 (−0.22, 0.11) 0.5

Femoral neck width (m) −0.15 (−0.29, −0.01) 0.03

Femoral neck compression strength index (g/[kg*m]) −0.34 (−0.62, −0.05) 0.02

Femoral neck impact strength index (g/[kg*m]) −0.34 (−0.66, −0.06) 0.01

a
Increment in annualized percent change in femoral neck strength parameter per standard deviation increment in SWAN baseline urinary N-

telopeptide (17.0 nM BCE/mM Cr) adjusted for menopause transition stage (pre- vs. early perimenopause), age, ethnicity, body mass index, sample 
collection time, and study site.

b
Femoral neck strength parameters include femoral neck bone mineral density (g/cm2), femoral neck width (m), femoral neck compression 

strength index (g/[kg*m]) and impact strength index (g/[kg*m]).
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Table 3.

Adjusted associations
a
 of urinary N-telopeptide measured during early perimenopause

b
 with rates of change in 

femoral neck strength parameters during transmenopause
c

β-coefficient
(95% Confidence Interval)

p-value

Femoral neck bone mineral density (g/cm2) −0.16 (−0.33, 0.02) 0.1

Femoral neck width (m) −0.16 (−0.30, −0.02) 0.02

Femoral neck compression strength index (g/[kg*m]) −0.40 (−0.70, −0.11) 0.01

Femoral neck impact strength index (g/[kg*m]) −0.45 (−0.75, −0.14) 0.01

a
Increment in annualized percent change in femoral neck strength parameter per standard deviation increment in early perimenopausal urinary N-

telopeptide (17.7 nM BCE/mM Cr) adjusted for age, ethnicity, body mass index, sample collection time, and study site.

b
The first available urinary N-telopeptide from early perimenopause was used. For participants who were already in early perimenopause at SWAN 

baseline, the first available early perimenopausal U-NTX was from the baseline visit. For women who were in premenopause at baseline and 
transitioned to early perimenopause during the study, the first available early perimenopausal U-NTX was from a follow-up visit. The mean (SD) 
number of years from the time of this U-NTX measurement to the start of transmenopause was 3.4 (3.1).

c
Femoral neck strength parameters include femoral neck bone mineral density (g/cm2), femoral neck width (m), femoral neck compression 

strength index (g/[kg*m]) and impact strength index (g/[kg*m]).
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