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Abstract

The purpose of this study was to assess the ability of urinary N-telopeptide (U-NTX) to gauge rate 

of bone loss across and after the menopause transition (MT). U-NTX measurement was measured 

in early postmenopause in 604 participants from the Study of Women’s Health Across the Nation 

(SWAN). We examined the association between U-NTX and annualized rates of decline in lumbar 

spine and femoral neck bone mineral density (BMD) across the MT (1 year before the final 

menstrual period [FMP] to time of U-NTX measurement), after the MT (from time of U-NTX 

measurement to 2 to 4 years later), and over the combined period (from 1 year before FMP to 2 to 

4 years after U-NTX measurement). Adjusted for covariates in multivariable linear regression, 

every standard deviation (SD) increase in U-NTX was associated with 0.6% and 0.4% per year 

faster declines in lumbar spine and femoral neck BMD across the MT; and 0.3% (lumbar spine) 

and 0.2% (femoral neck) per year faster declines over the combined period (across and after the 

MT) (all p < 0.01). Each SD increase in U-NTX was also associated with 44% and 50% greater 

risk of fast bone loss in the lumbar spine (defined as BMD decline in the fastest 16% of the 

distribution) across the MT (p < 0.001, c-statistic = 0.80) and over the combined period (across 

and after the MT) (p = 0.001, c-statistic = 0.80), respectively. U-NTX measured in early 

postmenopause is most strongly associated with rates of bone loss across the MT, and may aid 

early identification of women who have experienced fast bone loss during this critical period.
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Introduction

The menopause transition (MT) and early postmenopause are periods of rapid bone loss in 

women. Bone mineral density (BMD) begins to decline around 1 year prior to the final 

menstrual period (FMP), and continues to decrease in early postmenopause, with a slight 

reduction in rate of loss around 2 years after the FMP.(1) This period of rapid decline in 

BMD around the FMP has been called the transmenopause.(1) The pattern of bone loss 

around and after the FMP parallels changes in urinary N-terminal telopeptide of type I 

collagen (U-NTX), a biochemical marker of type I collagen breakdown. U-NTX starts to 

increase 1 to 2 years before the FMP, peaks approximately 1 year after the FMP, and 

plateaus thereafter.(2) This raises the possibility that U-NTX measurement during the rapid 

phase of bone loss may be useful in assessing the rate of ongoing bone loss, and help 

clinicians identify women who are losing bone at a fast rate.

Identifying those who are rapidly losing bone across the MT and early postmenopause is 

important because this decline in bone mass is accompanied by changes in trabecular 

microarchitecture (decreased trabecular number, increased trabecular spacing, and 

conversion of trabecular plates to rods) that may reflect irreparable microarchitectural 

damage and increase fracture risk.(3,4) Indeed, the incidence of radial and vertebral fractures 

increases substantially in the first decade after the FMP.(5,6) This has prompted some 

investigators to suggest that the MT is a time-limited window of opportunity to intervene to 

prevent rapid bone loss and permanent microarchitectural damage.(7) But to test the efficacy 

of this approach, we first need to be able to identify the women at risk for fast bone loss 

across the MT and in early postmenopause.

Prior studies examining the ability of bone resorption markers to gauge the rate of bone loss 

have focused on late postmenopausal women or were limited by small sample size.(8–11) To 

our knowledge, there are no large studies examining the association between bone turnover 

markers and rates of bone loss during the transmenopause and early postmenopause, when 

bone loss is most rapid.

The primary aim of this study was therefore to assess the clinical utility of U-NTX measured 

in early postmenopause, and at least 12 months after the FMP, to gauge the rate of ongoing 

bone loss across and after the MT. We chose to examine U-NTX measured 1 year or more 

after the FMP for two reasons: (1) a woman does not know she is in postmenopause until a 

year has passed after the FMP; (2) prior to 1 year after the FMP, U-NTX will not have 

reached its MT-related peak and will not have plateaued.(2) We examined the association 

between early postmenopausal U-NTX and rate of bone loss over three periods around the 

FMP: (1) across the MT, defined here as the period from the start of the transmenopause (1 

year before the FMP) to the time of U-NTX measurement; (2) after the MT, defined as the 

period from the time of U-NTX measurement in early postmenopause to a study visit 2 to 4 
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years later; and (3) combined across and after the MT, defined as from the start of the 

transmenopause (1 year before the FMP) to 2 to 4 years after U-NTX measurement.

A secondary aim of this study was to assess whether U-NTX measured earlier in the MT, in 

early or late perimenopause (before NTX has peaked and plateaued), can predict rates of 

bone loss across and after the MT, as well as early postmenopausal U-NTX.

Subjects and Methods

Study Sample

The Study of Women’s Health Across the Nation (SWAN) is a multicenter, community-

based, longitudinal cohort study of the MT. At baseline, participants were aged 42 to 52 

years, menstruating 3 months prior to screening, had an intact uterus with one or two 

ovaries, were not pregnant, were not lactating, and were not taking exogenous sex steroid 

hormones. The entire SWAN cohort included 3302 participants, enrolled at seven sites in the 

United States: Boston, MA; Chicago, IL; Detroit, MI; Pittsburgh, PA; Los Angeles, CA; 

Newark, NJ; and Oakland, CA. The SWAN Bone Cohort included 2413 participants from 

five SWAN sites; the Chicago and Newark sites did not conduct bone assessments. Among 

SWAN Bone Cohort participants, the bone resorption marker, U-NTX, was measured at 

baseline and annually thereafter until the eighth annual follow-up visit. BMD was measured 

at baseline and annually thereafter. Participants gave written informed consent, and sites 

obtained institutional review board approval.

Of the 2413 bone cohort participants, the exact date of the FMP was not known in 1182 

women for reasons such as hysterectomy without bilateral salpingo-oophorectomy (BSO) 

and/or use of sex hormones prior to natural menopause. An additional 537 women did not 

have a U-NTX measurement in early postmenopause. Of the remaining women, 90 had 

taken bone-modifying medications prior to their early postmenopausal measurement of U-

NTX. After excluding these three groups, we were left with a base sample of size 604 for 

this study.

FMP

FMP date for those who underwent natural menopause was defined as the last menstrual 

bleeding date reported during the visit immediately preceding the first visit at which 

participants were classified as postmenopausal (12 months of amenorrhea).

Predictors

U-NTX was measured from a non-first voided urine collected before 10:00 a.m. If a woman 

could not provide a urine sample before 10:00 a.m., the time of collection was recorded. 

Because BTMs show diurnal variation, we adjusted for time of urine collection in analyses 

(see Statistical Analysis). Specimens were stored at −20°C to −80°C at local sites (precise 

temperature not recorded) for up to 1 month until shipment to the Central Lab (Medical 

Research Laboratories, Highland Heights, KY, USA). At the Central Lab, all samples were 

stored at −80°C. U-NTX was measured using the Osteomark competitive inhibition enzyme 

immunoassay (nM bone collagen equivalents [BCE]; Osteomark, Ostex International Inc., 
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Seattle, WA, USA; interassay coefficient of variation [CV] <12%; intraassay CV <8%). 

Urinary creatinine was measured using the Cobas Mira autoanalyzer (mM; Horiba ABX, 

Montpellier, France; interassay CV 4.1%; intraassay CV 0.6%). U-NTX was normalized by 

urinary creatinine and expressed in nM BCE/mM Cr.

We used U-NTX measured at the first SWAN visit at least 1 year after the FMP as the 

primary predictor, U-NTXE-POST. Secondary predictors were U-NTX measured at SWAN 

baseline when the women were either in premenopause or early perimenopause (U-

NTXPRE/E-PERI), and U-NTX measured in late perimenopause (U-NTXL-PERI), identified as 

the first U-NTX measurement after at least 3 months of amenorrhea.

Outcomes

Lumbar spine and femoral neck BMD were assessed by DXA (Hologic QDR 2000 at 

Pittsburgh and Oakland sites; Hologic QDR 4500A at Boston, Los Angeles, and Michigan 

sites). The short-term in vivo measurement variability was 1.4% for the lumbar spine and 

2.2% for the femoral neck.(1) Cross-site calibration was accomplished by circulating an 

anthropomorphic spine phantom. Standard quality control phantom scans were done prior to 

each BMD measurement session; these were used to adjust for machine drift when 

necessary. The Pittsburgh and Oakland sites upgraded from the 2000 to 4500A models at 

follow-up visit 8. These sites scanned 40 women on both their old and new machines to 

develop cross-calibration regression equations.

Ongoing rates of bone loss across and after the MT were calculated from BMD 

measurements made at the following three SWAN visits: the SWAN baseline visit (when all 

women were in premenopause or early perimenopause), the visit when U-NTXE-POST was 

measured, and a visit 2 to 4 years later. These BMD measurements were used to calculate 

annualized BMD decline rates (% decline per year) over the following three MT-related 

periods: (1) across the MT, defined here as the period from the start of the transmenopause 

(1 year before the FMP) (T1) to the time of U- NTXE-POST measurement (T2); (2) after the 

MT, defined here as the period from the time of U-NTXE-POST measurement to a study visit 

2 to 4 years later (T3); and (3) combined across and after the MT, defined as from the start 

of the transmenopause (1 year before the FMP) to 2 to 4 years after U-NTX measurement 

(Fig. 1).

Annualized BMD decline rate across the MT was calculated as the percentage of BMD lost 

from the SWAN baseline visit to the visit at which U-NTXE-POST was measured, divided by 

“T2 minus T1,” the time elapsed (in years) from the start of the transmenopause to the time 

of the U-NTX measurement in early postmenopause (Fig. 1). The implicit assumption is that 

there was minimal bone loss between the SWAN baseline and the start of transmenopause 

(T1). Annualized BMD decline rate after the MT was calculated as the percentage of BMD 

lost from T2 (the time of U- NTXE-POST measurement) to T3 (the follow-up visit between 2 

and 4 years later), divided by “T3 minus T2,” the length of the period in years (Fig. 1). The 

annualized BMD decline rate over the combined larger period (Across+After the MT) was 

calculated as the percentage of BMD lost from the SWAN baseline visit to the T3 visit 

(between 2 and 4 years after the U-NTXE-POST measurement), divided by “T3 minus T1 ” in 

years. Unlike the first two estimates, which are based on BMD changes over periods that 
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either precede or follow the U-NTXE-POST measurement, the third rate estimate assesses 

ongoing bone loss over a period that brackets the U-NTXE-POST measurement (Fig. 1).

In each of the three periods, we defined women with fast loss as those whose BMD decline 

rate was in the top 16% of the site- and period-specific distribution. These rates of bone loss 

are greater than one standard deviation (SD) above the mean BMD decline rate, and one in 

six women meet this criterion; note that one in six women will have a hip fracture in her 

lifetime.(12)

Covariates

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

weight in kg/(height in m)2]. FMP date for those who underwent natural menopause was 

defined as the last menstrual bleeding date reported during the visit immediately preceding 

the first visit at which participants were classified as postmenopausal (12 months of 

amenorrhea). Physical activity level was summarized by a score combining intensity with 

frequency of active living, home, and recreational physical activity from a modified Baecke 

interview.(13)

Statistical analysis

We used multivariable linear regression to assess the association between U-NTXE-POST and 

each of the three BMD decline rate estimates in separate models. We adjusted for the 

following time-constant covariates: ethnicity (white, African American, Chinese American, 

Japanese American), study site, time of urine collection, BMD at the start of the period over 

which decline rate was calculated, and an indicator variable that flagged the women whose 

BMD measurements used to calculate BMD decline came from different machines. We also 

adjusted for the following time-varying covariates obtained concurrently with U-NTX 

measurement: age (continuous); BMI (continuous), tobacco use (yes/no/unknown), alcohol 

use (<1 per week, <7 per week, ≥7 per week), and physical activity score.

To examine the ability of U-NTXE-POST to identify women with fast bone loss (fastest 16%), 

we used multivariable modified Poisson regression to model the risk of fast loss as a 

function of U-NTXE-POST and the covariates listed in the previous paragraph.(14) For 

comparison, we ran parallel models using U-NTX measured at SWAN baseline (U-

NTXPRE/E-PERI) and U-NTX measured in late perimenopause (U-NTXL-PERI).

Results

Analytic sample descriptives

BMD decline rates over the three periods could not be calculated in all 604 women in the 

study sample, for a variety of reasons. BMD decline rate across the MT was available for 

518 women; 86 participants had to be excluded because they were less than 1 year from the 

FMP at SWAN baseline, and a BMD measurement prior to the start of the transmenopause 

was not available. BMD decline rate after the MT was available in 483 women; 80 

participants were excluded because they had no BMD measurement 2 to 4 years after the U-

NTXE-POST measurement, and an additional 41 who used bone-modifying medications 
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between the two BMD measurements at T2 and T3 were also excluded. The analytic sample 

for the combined Across+After MT decline analyses included 456 subjects (after excluding 

86 who were within 1 year of the FMP at SWAN baseline, 45 missing BMD at T3, and 17 

who used bone-modifying medications between T2 and T3). The three analytic samples 

were similar with respect to major characteristics (Table 1). At the time of U-NTXE-POST 

measurement, mean age was 52.6 to 52.9 years, mean time after the FMP was 1.6 years 

(Table 1).

U-NTX and rates of bone loss

The median time across the MT (defined in Fig. 1) was 2.5 years, and the interquartile range 

(IQR) was 2.2 to 2.8. Mean rate of BMD decline across the MT was 2.4% per year in the 

lumbar spine and 1.7% per year in the femoral neck. After adjusting for age, ethnicity, study 

site, BMI, tobacco use, alcohol use, and starting BMD, greater U-NTXE-POST was 

associated with faster declines in BMD at both the lumbar spine and femoral neck across the 

MT. Each SD increment in U-NTXE-POST was associated with 0.6% per year and 0.4% per 

year faster decreases in lumbar spine (p < 0.001) and femoral neck (p < 0.001) BMD, 

respectively (Table 2).

The median length of the period after the MT (defined in Fig. 1) was 3.0 years, and the 

interquartile range (IQR) was 2.9 to 3.1. Mean rate of BMD decline after the MT was 1.4% 

per year in the lumbar spine and 1.2% per year in the femoral neck. After adjusting for 

relevant covariates, U-NTXE-POST was not associated with the rate of BMD decline after the 

MT in either lumbar spine (p = 0.07) or femoral neck (p = 0.2) in multivariable linear 

regression (Table 2).

Mean rate of BMD decline over the combined period (Across+After the MT, defined in Fig. 

1) was 1.9% per year in the lumbar spine and 1.4% per year in the femoral neck. After 

adjusting for relevant covariates, greater U-NTXE-POST was associated with faster declines 

in BMD at both the lumbar spine and femoral neck over the combined period. Each SD 

increment in U-NTXE-POST was associated with 0.3% per year and 0.2% per year faster 

decreases in lumbar spine (p< 0.001) and femoral neck (p< 0.01) BMD, respectively (Table 

2).

To assess whether U-NTX measured earlier in the MT (before U-NTX has peaked and 

plateaued) can predict rates of bone loss across and after the MT, we also examined U-NTX 

measured at study baseline (U-NTXPRE/E-PERI)and U-NTX measured in late perimenopause 

(U-NTXL-PERI). The Spearman’s rank correlations between the three U-NTX measurements 

were: 0.43 (p< 0.0001) between U-NTXPRE/E-PERI and U-NTXL-PERI,0.48(p < 0.0001) 

between U-NTXL-PERI and U-NTXE-POST,and0.36(p< 0.0001) between U-NTXPRE/E-PERI 

and U-NTXE-POST.

After adjusting for age, ethnicity, study site, BMI, tobacco use, alcohol use, and starting 

BMD, greater U-NTXPRE/E-peri wasmarginally associated with faster bone loss at the lumbar 

spine across the MT (p = 0.07) and significantly associated with faster bone loss at the 

lumbar spine over the combined Across+After MT period (p= 0.04). However, U-

NTXPRE/E-PERI was not associated with bone loss at the femoral neck in either period (Table 
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2). Adjusted for the same covariates, greater U-NTXL-PERI was significantly associated with 

faster bone loss across the MT at both the lumbar spine (p< 0.001) and femoral neck (p= 

0.01), and with faster bone loss over the combined Across+After MT period at both the 

lumbar spine (p= 0.002) and femoral neck (p= 0.02) (Table 2).

U-NTX and risk of fast bone loss

The 84th percentile of BMD decline rate across the MT was 4.4% per year in the lumbar 

spine and 3.6% per year in the femoral neck. Fast bone loss across the MT (fastest 16%) was 

defined as BMD decline rates above these thresholds. After adjusting for the covariates 

listed above, greater U-NTXE-POST was associated with greater risk of fast BMD decline 

across the MT at both anatomic sites. Each SD increase in U-NTXE-POST was associated 

with 44% and 38% greater risk of fast bone loss across the MT in the lumbar spine (p< 

0.001) and femoral neck (p< 0.001), respectively (Table 3). The ability of U-NTXE-POST (in 

combination with relevant covariates) to identify fast bone loss in the lumbar spine and 

femoral neck (as measured by the area under the receiver operating characteristic [ROC] 

curve [AUC]) was 0.80 and 0.76, respectively. The 84th percentile of the U-NTXE-POST 

distribution was 65 nM BCE/mM Cr. The sensitivity and specificity of U-NTXE-POST levels 

above 65 nM BCE/mM Cr for fast bone loss across the MT was 28.0% (95% CI, 18.7% to 

39.1%) and 86.2% (95% CI, 82.6% to 89.3%), respectively, in the lumbar spine; and 29.3% 

(95% CI, 19.7% to 40.4%) and 86.5% (95% CI, 82.9% to 89.5%), respectively, in the 

femoral neck.

The 84th percentile of BMD decline rate after the MT was 2.8% per year in the lumbar spine 

and 2.7% per year in the femoral neck. Fast bone loss after the MT was defined as BMD 

decline rates above these thresholds. After adjusting for the same covariates, U-NTXE-POST 

was not significantly associated with the risk of fast bone loss after the MT in either the 

lumbar spine or femoral neck (Table 3).

The 84th percentile of BMD decline rate over the combined (Across+After the MT) period 

was 3.2% per year and 2.9% per year in the lumbar spine and femoral neck, respectively. 

Fast bone loss over the combined period was defined as BMD decline rates above these 

thresholds. After adjusting for covariates listed above, each SD increase in U-NTXE-POST 

was associated with 50% and 38% greater risk of fast bone loss in the lumbar spine (p = 

0.001) and femoral neck (p = 0.01), respectively (Table 3). The ability of U-NTXE-POST (in 

combination with relevant covariates listed) to identify the fastest 16% decliners in lumbar 

spine and femoral neck BMD (as measured by the AUC) was 0.80 and 0.75, respectively. 

The sensitivity and specificity of U-NTXE-POST levels above 65 nM BCE/mM Cr for fast 

bone loss over the combined (Across+After the MT) period was 28.9% (95% CI, 16.4% to 

44.3%) and 85.6% (95% CI, 81.9% to 88.9%), respectively, in the lumbar spine; and 23.9% 

(95% CI, 12.6% to 38.8%) and 85.1% (95% CI, 81.3% to 88.4%), respectively, in the 

femoral neck.

In comparison to U-NTXE-POST, U-NTXPRE/E-PERI and U-NTXL-PERI were not as strongly 

associated with risk of fast bone loss across the MT and over the combined (Across+After 

the MT) period at either the lumbar spine or femoral neck (Table 3).
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Discussion

The primary aim of this study was to assess the ability of a bone resorption marker measured 

in early postmenopause to gauge the rate of bone loss across and after the MT, a period of 

rapid loss of bone mass in women. We found that higher levels of early postmenopausal U-

NTX were most strongly associated with greater bone loss across the MT, and more strongly 

associated with rate of bone loss in the lumbar spine than in the femoral neck. In addition, 

when considered with relevant clinical covariates, early postmenopausal U-NTX was robust 

at identifying women with fast bone loss (fastest 16%). Prior studies have also found that 

higher levels of bone resorption markers are associated with faster rates of bone 

loss(8–10,15–18); however, the majority of these studies were in women who were 65 years 

and older and late postmenopausal.(8,9,16,18) The studies that included younger, early 

postmenopausal women were limited by small sample size, and lack of ethnic 

diversity.(10,17) One prior SWAN study did find that U-NTX measured at study baseline 

(when the women were premenopausal or early perimenopausal) is associated with the 

amount of bone lost and fracture over 8 years, but did not explicitly examine the rate of bone 

loss during the critical period around the FMP.(19)

Our key finding was that higher levels U-NTX measured early after a woman is determined 

to be postmenopausal is associated with faster BMD decline across the MT. When 

considered with covariates, early postmenopausal U-NTX identified those with fast bone 

loss with acceptable AUC values.(20,21) When considered without covariates, early 

postmenopausal U-NTX levels above 65 nM BCE/mM Cr were moderately specific for fast 

bone loss, but poorly sensitive. To enhance sensitivity, U-NTX may need to be combined 

with relevant clinical covariates (as suggested by robust AUC values when U-NTX is 

combined with covariates). Alternatively, U-NTX may need to be combined with markers of 

bone formation, because modestly high values of U-NTX could also lead to rapid bone loss 

if bone formation is not proportionally increased.

A second key finding was that U-NTX measured earlier in the MT (in pre-/early 

perimenopause or late perimenopause) is also associated with bone loss across the MT, but 

not as strongly as U-NTX measured in early postmenopause. This is probably because U-

NTX values rise across the MT and do not peak until early postmenopause.(2) Waiting until 

1 year after the FMP (ie, 2 years after onset of transmenopausal bone loss) to obtain the best 

estimate of bone loss across the MT and identify women for BMD screening is not a major 

drawback because the least significant change (smallest change that can be considered 

statistically significantly beyond measurement error) in serial DXA-based BMD 

measurements may be as high as 5.3% and 6.9% at the lumbar spine and femoral neck, 

respectively(22); this amount of bone loss is unlikely to occur within 2 years in most 

women.(1)

The association between early postmenopausal U-NTX and rate of BMD loss was also 

stronger at the lumbar spine than at the femoral neck. Our ability to accurately estimate the 

association between U-NTX and rate of femoral neck bone loss was likely attenuated 

because changes in femoral neck BMD after the MT were of the same order as the short-

term in vivo variability in DXA-based BMD measurement.(1,16,22–24) The weaker 
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associations seen between U-NTX and bone loss after the MT may also be the result of 

slower postmenopausal bone loss and the precision error (short-term in vivo measurement 

variability) in DXA-based BMD measurement.(1,22)

Our study has several limitations to be noted. First, we aimed to characterize the association 

between U-NTX measured during early postmenopause, but some participants did not have 

U-NTX measurements available until nearly 4 years after the FMP. Second, C-terminal 

telopeptide of type I collagen in serum (S-CTX) is now recommended as the bone resorption 

marker of choice; however, SWAN, which started 20 years ago, measured U-NTX.(25) 

Additionally, urinary measures of bone turnover markers are more variable than serum 

measures,(26) which would reduce their accuracy in predicting bone loss rates. However, 

from a clinical standpoint, U-NTX has been recognized by some as more practical, with the 

suggestion that the measurement be repeated to reduce measurement error.(26) Third, we 

were unable to test the association between U-NTX in early postmenopause and incident 

fracture because the number of fractures subsequent to the date of U-NTX measurement is 

small in this middle-aged cohort. Fourth, with increased recognition that accumulated 

cortical bone loss after the MT exceeds that of trabecular bone over time, and that cortical 

bone contributes to fracture resistance,(27–29) it is important to be able to predict the rate of 

BMD decline at skeletal sites composed primarily of cortical bone, such as the distal radius; 

this data was not available in SWAN. However, in the early postmenopause, trabecular bone 

loss is thought to predominate, even at sites composed mostly of cortical bone.(30,31) Finally, 

specimen storage temperature at local sites during the 1-month period prior to shipment to 

Central Lab was not recorded in SWAN; we were therefore unable to adjust for this variable 

in our analyses.

In conclusion, this study confirms that higher levels of U-NTX measured in early 

postmenopause, following its MT-related rise, is most strongly associated with fast BMD 

decline across the MT. With the development of newer markers of bone turnover and novel 

technologies for assessing trabecular and cortical microarchitecture, future studies will 

determine the best bone turnover marker or best combination of turnover markers and the 

optimal thresholds needed to identify women at risk for rapid loss in bone mass and/or rapid 

deterioration in microarchitecture, and eventually develop and test the efficacy of early 

interventions for preventing bone loss and microarchitectural damage.
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Fig. 1. 
The three periods over which rate of bone loss was assessed around the FMP. T1 refers to 1 

year before the FMP when rapid bone loss has previously been shown to begin. T2 refers to 

the date in early postmenopause at which U-NTXE-POST was measured. T3 is the date at 

which a follow-up BMD measurement was obtained 2 to 4 years after T2. There were three 

time points at which U-NTX was assessed. (1) U-NTXPRE/E-PERI refers to U-NTX measured 

at SWAN baseline when women are premenopausal or early perimenopausal (<3 months of 

amenorrhea). We assumed that U-NTXPRE/E-PERI does not change significantly from SWAN 

baseline to T1. (2) U-NTXL-PERI refers to U-NTX measured when women are late 

perimenopausal (≥3 months of amenorrhea, not defined by relation to FMP). (3) U-

NTXE-POST refers to U-NTX measured ≥1 and <5 years after the FMP. FMP = final 

menstrual period; U-NTX = urinary N-telopeptide.
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Table 1

Descriptive Statistics for Analytic Samples

Across the MT 
sample

(n = 518)a

After the MT 
sampleb
(n = 483)

Across+After MT 
sampleb
(n = 456)

Race

 White 243 (44.8) 202 (41.8) 200 (43.9)

 African American 126 (23.2) 115 (23.8) 100 (21.9)

 Chinese American 80 (14.8) 78 (16.2) 72 (15.8)

 Japanese American 93 (17.2) 88 (18.2) 84 (18.4)

At baseline (premenopause or early perimenopause)

 Age (years) 47.2 (2.4) N/A 47.3 (2.5)

 Time before/after final menstrual period (years) −4.0 (1.6) N/A −4.0 (1.6)

 N-telopeptide, urine (nM BCE/mM Cr) 33.8 (15.5) N/A 32.9 (14.3)

At time of urinary N-telopeptide measurement in late 
perimenopausea

 Age (years) 51.4 (2.4) N/A 51.4 (2.5)

 Time before/after final menstrual period (years) 0.04 (0.88) N/A 0.01 (0.88)

 N-telopeptide, urine (nM BCE/mM Cr) 44.3 (18.3) N/A 43.8 (18.7)

At time of urinary N-telopeptide measurement in early 
postmenopauseb

 Age (years) 52.8 (2.4) 52.6 (2.5) 52.9 (2.4)

 Time before/after final menstrual period (years) 1.6 (0.5) 1.6 (0.5) 1.6 (0.5)

 Body mass index (kg/m2) 27.5 (6.7) 27.3 (6.5) 27.4 (6.6)

 Alcohol consumption

  < 1 beverage/week 393 (75.9) 365 (75.6) 346 (75.9)

  ≥1 and <7 beverages/week 93 (18.0) 86 (17.8) 82 (18.0)

  ≥7 beverages/week 32 (6.2) 32 (6.6) 28 (6.1)

 Tobacco smoking status

  No 386 (74.2) 364 (75.4) 340 (75.9)

  Yes 60 (11.6) 62 (12.8) 52 (11.4)

  Unknown 72 (13.9) 57 (11.8) 64 (14.0)

 Physical activity score 8.3 (2.1) 8.4 (2.2) 8.3 (2.0)

 N-telopeptide, urine (nM BCE/mM Cr) 47.2 (19.9) 48.0 (19.9) 46.8 (19.3)

Bone mineral density at start of respective periods

 Lumbar spine (g/cm2) 1.056 (0.131) 0.991 (0.146) 1.056 (0.131)

 Femoral neck (g/cm2) 0.822 (0.129) 0.783 (0.124) 0.822 (0.129)

Annualized rate of change in bone mineral density over 
respective periods

 Lumbar spine (%/year) −2.4 (2.1) −1.4 (1.5) −1.9 (1.0)

 Femoral neck (%/year) −1.7 (2.1) −1.2 (1.6) −1.4 (1.1)

Values are count (percentage) for categorical variables; mean (standard deviation) for continuous variables. See Fig. 1 for definitions of the periods 
over which bone loss was assessed.

MT= menopause transition.
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a
Urinary N-telopeptide was measured at the first study visit in late perimenopause.

b
See Fig. 1 for definition of early postmenopause. Urinary N-telopeptide was measured at the first study visit in early postmenopause.
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