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ORIGINAL INVESTIGATION

Urinary N-Telopeptide Levels Discriminate Normal,
Osteopenic, and Osteoporotic Bone Mineral Density

Diane L. Schneider, MD, MSc; Elizabeth L. Barrett-Connor, MD

Background: The level of urinary, type [ collagen, cross-
linked N-telopeptides (NTX) is a new marker of bone re-
- sorption. To our knowledge, no population-based stud-
ies of older adults have determined whether this measure
can identify individuals with ostecporosis.

Objectives: To measure the levels of NTX in a cross-
sectional study of ambulatory, older, white adults and to
evaluate whether this measure of bone resorption could
- identify individuals with osteoporosis.

Patients and Metheods: The subjects, aged 50 to 98
years, formed 3 groups: 374 men, 223 women currently
using estrogen, and 364 women not currently using es-
trogen. A standard medical history and validated record
of medication use were obtained. Height and weight were
measured. Bone mineral density (BMD) was measured
at the hip and lumbar spine using dual energy x-ray ab-
sorptiometry. The levels of NTX were measured by en-
zyme-linked immunosorbent assay.

Results: Overall, the levels of NTX increased slightly
with age in men and in estrogen users and more dra-
matically in nonestrogen users. In a model adjusted for
all major risk factors for osteoporosis, there was a sig-
nificant decrease in BMD levels by increasing quintiles
of NTX levels at the hip and spine in women with and
without estrogen use and at the hip in men. Using sex-
specific, peak bone mass criteria and age-adjusted
analyses, the levels of NTX discriminated between nor-
mal (=—1.0 SD), osteopenic (>—1.0 and <-2.5 SD),
and osteoporotic (=-2.5 SD) BMD levels in all groups
except the spine in men.

Conclusions: The levels of NTX uniquely discrimi-
nated between older adults with normal, osteopenic, or
osteoporotic BMD levels. If confirmed, these data sug-
gest that NTX levels could be used to predict current os-
teoporosis in older men and women.
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ONE MINERAL density (BMD)
has been shown to be pre-
dictive of fracture risk.! Bone
mineral density is a func-
tion of a dynamic process

creased bone remodeling with higher re-
sorption activity, resulting in bone loss and
decreased BMD. We measured NTX lev-
els in a population of older men and
women to evaluate whether this measure
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involving continuous resorption and pro-
duction of mineralized bone matrix. Bio-
chemical markers of bone turnover may
provide an estimate to determine bone den-
sity. Type I collagen is a major component
of bone, accounting for more than 90% of
the organic matrix. The degradation of col-
lagen during the process of osteoclastic bone
resorption is the basis of new clinical as-
says.’> Among these new assays, urinary
levels of cross-linked N-telopeptides of type
I collagen (NTX) have been reported to be
a sensitive and specific marker of bone re-
sorption.2* N-telopeptides are small, amino-
terminal peptide fragments containing the
pyridinium cross-linked region of type I col-
lagen that are released in the circulation and
excreted in the urine when the bone ma-
trix is degraded.

The metabolism of the bone is influ-
enced by age and sex hormone changes
over the life span. Aging and estrogen de-
ficiency have been characterized by in-
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of bone resorption could identify indi-
viduals with osteoporosis.
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Of the 961 participants, 374 were men and
587 women, of whom 223 were current es-
trogen users. The group of women who were
nonestrogen users included women who
had never taken estrogen and past estrogen
users (n=364), because previous analyses
in this cohort showed that past estrogen us-
ers had BMD levels similar to never users.
Asshownin Yable 1,onaverage, current
estrogen users were younger, had an ear-
lier onset of menopause, and had a higher
calcium intake than nonestrogen users. All
3 groups were similar with regard to health
habits, health status, and medication use.

Age-specific NTX levelsare displayed
by decade in Table 2. Overall, men and
women who were current estrogen users had
similarand constant mean NTX levels, with
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PATIENTS, MATERIALS, AND
METHODS

From February 1988 to November 1991, 1897 ambula-
tory white men and women, aged 50 to 98 years, from a
geographically defined middle-class community, Rancho
Bernardo, Calif, participated in a study of osteoporosis. This
article is based on 961 men and women whose frozen urine
samples were available for NTX assay.

At the clinic visit, the subjects completed a standard-

ized questionnaire, which included medical history, health

habits, dietary supplements, and medications. The names
of medications, the amount of the dose, the duration, and
the route of administration were obtained by a nurse and
validated by an examination of pills and prescriptions
brought to the clinic for that purpose. Alcohol use was cat-
egorized as drinking 3 or more days per week, and regular
exercise was exercise reported 3 or more times per week.
Limited physical activity was defined by self-report in re-
sponse to a general question about activity that provided
this answer as an option.

Height and weight were measured with the subjects
wearing light clothing and no shoes; body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters as a measure of obesity. Calcium intake
was estimated from a semiquantitative diet assessment ques-
tionnaire.’ Total calcium intake was calculated as dietary cal-
cium in addition 1o calcium from nutritional supplements.

Urine samples were collected at the clinic visit and stored
at —70°C until analysis. Urinary NTX levels were measured
using an enzyme-linked immunosorbent assay, and the cre-
atinine concentration was determined by Ostex Interna-
tional, Seattle, Wash. For the analysis, only subject identi-
fication numbers were provided; the technicians were blinded
to all subject characteristics and BMD levels. The assay was
calibrated using standard amounts of human bone collagen
digested with bacterial collagenase, and the results were ex-
pressed as nanomoles of bone collagen equivalents per mil-
limoles of creatinine (nmol BCE/mmol CR).?

Bone mineral density was measured in grams per square
centimeter at the hip and spine by specially certified radi-
ology technicians, using dual energy x-ray absorptiometry
(Hologic QDR-1000, Waltham, Mass). The scans were stan-
dardized daily against a phantom; the precision error was
1.5% or better for the hip and 1.0% or better for the spine.

An expert panel of the World Health Organization es-
tablished diagnostic criteria for osteopenia and osteopo-
rosis based on BMD levels.® This approach compares an in-
dividual's BMD level with the mean peak BMD level of a
young adult reference group and defined the following: the
normal BMD level (= - 1.0 SD); osteopenia (—1.0t0 =2.5
SDs); and osteoporosis (=—2.5 SDs). Data from the manu-
facturer (Hologic) for hip and spine BMD levels in normal
young men and women and hip BMD levels collected in
the Third National Health and Nutrition Examination Sur-

- vey (NHANES 111)’ on 194 non-Hispanic, white women, aged

2010 29 years, were used as the young adult reference groups
to calculate the SD for the diagnostic categories.

All analyses were performed using software (SAS In-
stitute Inc, Cary, NC). Differences in proportions were cal-
culated using the Mantel-Haenszel test statistic with a
2-tailed test of significance. The 95% confidence intervals
(Cls) for proportions were obtained using the method de-
veloped by Fleiss.® The levels of NTX and 101al calcium in-
take were log transformed because of skewed distribu-
tion. The age at menopause was transformed by log (71
minus the age at menopause) because of skewed distribu-
tion. The analyses were sex specific, and women were strati-
fied by estrogen use.

The analysis of covariance was performed using a
multiple linear regression model that included all covari-
ates. The multivariate model included age, BMI, total cal-
cium intake, current smoking, alcohol use, regular exer-
cise, limited physical activity, non-insulin-dependent
diabetes mellitus, and current use of thiazide diuretics, thy-
roid hormone, and oral corticosteroids. The significance
of the differences in BMD and NTX levels was determined
using 95% CI. Tests for linear trend were calculated using
linear regression (“MIXED" procedure, SAS Institute Inc).

Table 1. Sample Characteristics for Men and Women by Estrogen Use*

L __ R
Women
I L
Men Current Estrogen Use Nonestragen Use
Variable -(n=374) (n=223) (n=364)
. Mean {95% CI}
Age,y 70.1 (69.2-71.0) 68.3 (67.1-69.9) 725(71.5-73.4)
Body mass index, kg/m? 26.3 (26.0-26.7) 242(23.8-24.7) 24,7 (24.3-25.1)
Total daily calcium, mg 787.0 (740.4-833.7) 1087.9 (1005.9-1170.0) 892.7 (835.0-950.4)
Age at menopause, y et 44,5 (43.1-45.8) 47.0 (46.3-47.7)
: Percentape (95% Cl)
Current smoking 8.6 (2.1-25.2) 11.2 (2.8-31.4) 8.8 (2.2-25.4)
Alochol use (=3 days per week) §9.6 (52.8-66.1) §0.7 (41.2-60.1) 40.1 (32.2-48.6)
Exercise (=3 times per week) 80.2 (75.2-84.5) 73.1(65.5-79.6) 70.3 (64.3-75.8)
Limied physical activity 10.7 (3.6-25.4) 14.8 (5.5-32.3) 124 (4.9-26.3)
Dizbetes. meifitus 9.1 (2.4-25.1) 6.3 (0.7-26.5) 3.4(0.2-44.3)
- Cunent use of thlazide diuretics 10.4 {3.4-25.4) 23.3 (13.2-37.4)- 21.7 (13.5-32.7)
(Current use of tiyrold hormone 4.3 (0.1-29.8) 24.7 (14.5-38.4) . 17.3(9.3-29.3)
Current use of corticostercids 1.9 (0.6-45.9)

2.2(1.0-55.8) 1.4 {1.3-55.0)

*Cl indicates confidence interval; eflipses, not applicable.
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Women . A e
- ‘ Men Cuirent Estrogen Use .-’ . Nonestrogen Uge : -
r~ ey | S ety L e
Age Group, y ‘n __Maan (85% CI) n Mean (95% CI) n Mean.(95% Ci)
- 50-59 49 ++29.8(26.2-33.8) 48 27.4 (23.7-31.6) 37 39.9(3444p4)
- 60-69 133 27.5(25.4-29.8) 75 7 27.0(23.8-30.6) 99 44.6 (37.4-495)
© 70-79 121 30.7 (27.8-33.9) 7 276 (23.8-32.1) 129 44.6 (40.7 (48.7)
=80 I 33.9(29.8-38.7) 23 29.9 (21.5-41.5) 99 51.2 (45.5-57.6)
Total 374 30.0 (28.3-31.8) 223 27.6 (25.5-29.8) 364 45.7 (43.3-48.4)

* Urinary N-telopeplide levels are expressed in nanomoles of bone collagen equivalents per millimoles of creatinine. CI indicates conlidence interval, which
was translormed from log data. The linear trends were as follows: men, P=.09; current estrogen users, P=.54; and nonestrogen users, P<.02.

slightly higher values in the group aged 80 years and older
(linear trends: men, P=.09; women, P=.54). In contrast, the

NTX levels of nonestrogen users increased dramatically with.

increasing age (linear trend, P<.02). Also, nonestrogen us-
ers had significantly higher mean NTX levels in every 10-
yearage group. For the total group, the NTX levels in non-
estrogen users were 50% higher compared with men and
two thirds higher compared with current estrogen users.

Inaddition, the NTX levels of the women were com-
pared with reference values for premenopausal women (Os-
teomark package insert, Ostex International), based on a
multicenter, cross-sectional study of 258 premenopausal
women. The mean NTX level-for these premenopausal
women was 35 nmol BCE/mmol CR, with a tange of'5 to
65 nmol BCE/mmol CR (mean=2 SDg). In the postmeno-
pausal women from Rancho Bernardo, more than two thirds
of current estrogen users and 28% of nonestrogen users
had NTX levels less than the mean of the premenopausal
reference group. One fifth of the nonestrogen users had
NTX levels higher than the upper range of 65 nmol BCE/
mmol CR vs 8% of the current estrogen users.

Mean BMD levels at the hip and lumbar spine were
compared using quintiles of NTX levels after adjusting for
age, BML, total calcium intake, current smoking, alcohol
use, regular exercise, limited physical activity, non~insulin-
dependent diabetes mellitus, and current use of thiazide
diuretics, thyroid hormone, and oral corticosteroids
(Figure 1 and Figure 2). As shown, there was a signifi-
cant decrease in BMD levels by increasing quintile of NTX
levels (linear trends, P<.01 to P<.001) at both sites in all
groups except for the spine in men, where BMD levels dem-
onstrated a decreasing but nonsignificant trend (P=.08)
by quintile of NTX levels. In the women, current estro-
gen users had higher BMD levels in the lumbar spine than
nonestrogen users, and both groups had significant de-
creasing linear trends of BMD levels across increasing quin-
tiles of NTX levels. Similar findings were observed at the
hip, where men and both groups of women showed sig-
nificant linear trends (P<.001).

Using sex-specific peak bone reference data, which
were available for both sexes and bone sites, from the manu-
facturer (Hologic) or NHANES 111 reference data (wom.-
en’s hip only) and age-adjusted analyses, the subjects were
grouped into diagnostic categories based on the World
Health Organization® criteria: normal (<~1.0 SD), osteo-
penia(—1.0to —2.5SDs), and osteoporosis (= —2.5 SDs)
compared with mean peak bone mass. Because the re-

sults for women at the hip were similar using either the
data from the manufacturer or NHANES 1117 as a refer-
ence for peak bone mass, only the diagnostic criteria based
on the manufacturer are shown in Table 3 and Yable 4.
The levels of NTX discriminated completely between nor-
mal, osteopenic, and osteoporotic BMD levels at the hip
and spine in women and at the hip in men. At thechip,
23.9% of the nonestrogen users, 9.0% of the currenees-
trogen.users, and 5.9% of the men had categorically de-
fined osteoporosis by the criteria of the World Health Or-
ganization.® At the lumbar spine, the rates were 27.2%,
13.9%, .and 8.5%, respectively. Similar results were ob-
tained using regression analysis (data not shown).

—

In this community-based cohort of ambulatory older
adults, men and postmenopausal women who were cur-
rent estrogen users demonstrated similar levels of NTX.
The levels were significantly higher in postmenopausal
women who were not current estrogen users. Only non-
estrogen users had NTX levels that increased signifi-
cantly with age, paralleling the higher rates of bone re-
sorption with age.

Until recently, it was thought that bone loss in
women leveled off after the early postmenopausal years
and plateaued in late life.>** However, increased bone turn-
over may be sustained long after menopause and even
accelerated in the elderly." In a recent study, the results
of new bone marker immunoassays were evaluated in late
postmenopausal women with osteoporosis who were par-
ticipating in a clinical trial of alendronate therapy and
were compared with healthy premenopausal women.
N-telopeptide was one the most responsive markers for
the measurement of bone turnover between these 2
groups, with a.premenopausal mean level of 30.4 nihol
BCE/mmol CR vs 82.5 nmol BCE/mmol-CR in postmeno?
pausal subjects with osteoporosis. These results are con-
cordant with those of Garnero and associates,® who found
that menopause induced a 79% to 97% increase in the
marker levels of bone resorption.

In the present study, postmenopausal wemen who
were estrogen users had NTX levels similar to thos& pub-
lished in the literature'? and to the laboratory reference
data for premenopausal womefi (Osteomark package in-
sert, Ostex International). Although the exact mecha-
nism of action of estrogen on the bone is unknown, the

ARCH INTERN MED/VOL 157, JUNE 9, 1997

1243




1.05-‘ Linear Trend, P<.001 1.15 4 Linear Trend, Pa.08

1.00- 1.104
®
'§ 0.95 g; 1.05
g 090+ ‘g 100
S 085- % 0.95
E 0.80- 2 090-
=
g 0.754 2 0851
2 o704 2 060-
045- 4th Highesl 075 2nd and 4th Highest
1054 Linear Trend, .01 115 Lingar Trend, <01
1.104

Bone Mineral Density, g/cm?
o
3

0.504
085
0.80
m Highest | 075 ard 4th Highest
1654 Linear Trend, Ae.001 1151 Linear Trend, Pe.001
1.00- . 110
E»_ 0.95 é 105+
%-" 0.90- g 1,00
& 0851 & 095
B 8
£ 080 8 0901
-] =
§ 075 2 0.851
3
0.70 0501
085 Highest 075 Tt 2nd 3 4th Highest
Quintiles of NTX Quintites of NTX
Figure 1. Total hip mean bone mineral density levels by quintites of Figure 2. Lumbar spine mean bone mineral densily levels by quintiles of
N-telopeptide (NTX) levels in 374 men (top), 223 estrogen users (center), N-telopeplide (NTX) levels in 374 men (top), 223 estrogen users (center),
and 364 nonestrogen users (bottom). The figures are adjusted for age, and 364 nonestrogen users (bottom). The figures are adjusted for age,
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*WHQO indicates the World Health Organization diagnostic criteria® for bone mineral density compared with sex-specilic mean peak bone mass of the
reference data (Hologic). NTx indicates N-telopeptide; Cl, confidence interval, which was calculated from log-transformed data.
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rate of resorption has been shown to decrease with es- given estrogen therapy or calcium for 1 year. In the-hor-
trogen therapy, while high levels of bone markers have mone-treated group, the NTX levels decreased from a*
been observed in postmenopausal women not taking es- baseline mean of 59 nmol BCE/mmol CR to the premeno- -
trogen.'*'* Campodarve and colleagues'* studied 248 pausal mean of 35 nmol BCE/mmo¥ CR by the third
women who had recently undergone menopause and were month. Rrestwood and associates' reported that 6 wee!-
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*WHQ indicates the World Health Organization diagnostic criteria® for bone mineral density compared with sex-specific mean peak bone mass of the

reference data (Hologic). NTx indicates N-telopeptide; Cl, confidence interval, which was calculated from log-transformed data.

of estrogen therapy decreased the levels of NTX from a
baseline level of 61.7 nmol BCE/mmol CR to 38.2 nmol
BCE/mmol CR; the NTX levels returned to the baseline
level (64.2 nmol BCE/mmol CR) 6 weeks after theruse
of hormones was stopped

In the present study, the BMD levels at the hip and
spine were negatively correlated with NTX levels, and this
association was independent of age, BMI, total calcium
intake, current smoking, alcohol use, regular exercise,

limited physical activity, non-insulin-dependent diabe-

tes mellitus, and current use of thiazide diuretics, thy-
roid hormone, and oral corticosteroids. Only at the spine
in men was the inverse linear association between the lev-
els of NTX and BMD not statistically significant. The NTX
levels completely discriminated between older adults with
normal, osteopenic, or osteoporotic BMD levels at the hip
(in both sexes) and spine (women). This suggests that
NTX or similar markers could be used to screen for os-
teoporosis. Garnero and colleagues® found similar re-
sults in women 20 years or more after menopause, with
ahigh bone turnover rate associated with a low bone mass.

Other studies suggest that bone resorption markers
can also be used to determine fracture risk. Akesson and
colleagues'® reported increased urinary cross-linked ex-
cretion in patients immediately after hip fracture com-
pared with age-matched, healthy controls. In a prospec-
tive, cohort study of elderly women in France,'” women
with.urine markers above the normal range for premeno-
pausal women had an 80% increased risk of hip fracture.

In conclusion, this study demonstrates relatively simi-
lar NTX levels in men and current estrogen users, in con-
trast with nonestrogen users whose NTX levels increase
with age. Further, the levels of NTX uniquely discrimi-
nated between older adults with normal, osteopenic, or
osteoporotic BMD levels, suggesting the possible use of
NTX as a screening test for osteoporosis, in addition to
its use to detect high bone tumover and response to therapy.
If confirmed, these data suggest that NTX levels could be

used as a less expensive marker for osteoporosis in older

men and women than bone densitométry.
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