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Purpose: To estimate the discriminative value of serum PINP/BCTX ratio and albumin levels
in hospitalized orthogeriatric patients with and without nonvertebral fractures.

Methods: In 1,239 orthogeriatric patients (mean age 78.1+9.52 years, 69.1% women) includ-
ing 854 (68.9%) with osteoporotic nonvertebral fractures (455 [36.7%] with hip fracture [HF])
and 385 (31.1%) without fractures, markers of bone formation (procollagen type 1 N-terminal
propeptide [P1NP], osteocalcin [OC], and bone resorption (beta-C-terminal cross-linking
telopeptide of type 1 collagen [BCTX]), indices of mineral metabolism, and parameters of
liver and renal functions were assessed; data on clinical and laboratory characteristics were
collected prospectively.

Results: Both lower serum PINP/BCTX ratio and albumin concentration (as continuous or cat-
egorical variables) were independently associated with fracture presence in multivariate logistic
regressions. Compared with the highest PINP/BCTX tertile, the prevalence of HF, after adjust-
ment for multiple covariates, was 3-fold higher in the lowest tertile and 1.5 times higher in the
middle tertile; presence of any fracture was 2.3- and 1.6-fold higher, respectively; patients with
albumin levels in the lowest tertile had multivariate odds ratio (OR) of 4.6 for HF and 2.8 for any
fracture, in the middle tertile the ORs were 2.2 and 1.3, respectively. The PINP/BCTX <100.0
(median) and hypoalbuminemia (<33 g/L) demonstrated area under the curve values for HF of
0.802 and 0.806, respectively, and for any fractures of 0.711 and 0.706, respectively. When both
characteristics were combined, the ORs for HF or any fracture, compared with the nonfractured
group, were 7.8 and 3.2, respectively, with an accuracy of 79.6% and 71.6%, respectively.
Conclusions: In orthogeriatric patients, both serum PINP/BCTX ratio and albumin levels
demonstrated an inverse dose—effect relationship with the prevalence of nonvertebral fractures
and independently indicated fracture presence with acceptable discriminatory power. Lower
PINP/BCTX (<100) and hypoalbuminemia could be useful simple additive prognostic tools
for fracture risk stratification in the elderly.
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Introduction

The ability to predict and prevent fragility fractures is limited.'” Currently, the
predicting is largely based on bone mineral density (BMD) testing and several clinical
risk factors (the World Health Organization’s fracture risk assessment tool FRAX,*?
Garvan and QFracture).! However, BMD indicated osteoporosis only in 30%—-50%
of patients with major fragility fracture® and in 4% of women with a distal radial

submit your manuscript

Dove n,u

http:

Clinical Interventions in Aging 2017:12 11311140 1131
© 2017 Fisher et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

T2 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S141097
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:alex.fisher@act.gov.au

Fisher et al

Dove

fracture.” The prognostic value of clinical risk factors alone
in FRAX is comparable to that of BMD alone.® There is an
obvious need of identifying additional fracture risk factors
not included in currently available strategies.

Numerous studies on the prognostic value of bone turn-
over markers (BTMs) yielded conflicting results.*'” BTMs
display significant analytical and biological variability's"
and currently are recommended only for monitoring the
efficacy of osteoporosis treatment and compliance.!2%2!
Bone formation and resorption are coupled but not always
remain in balance: in the elderly bone is lost because remod-
eling becomes unbalanced.”? However, most of the reports
focused on separate BTMs. One way to overcome the existing
discrepancies between studies would be to characterize the
balance between total bone formation and resorption. In the
only prognostic study, which assessed such index, the ratio
of a urinary resorption (N-telopeptide of type 1 collagen
[u-NTx]) to serum formation marker (osteocalcin, OC)
(u-NTx/OC) predicted fractures independently of FRAX,
but did not significantly improve the accuracy of fracture
risk prediction in addition to FRAX.? Recently the joint
international working group proposed serum procollagen
type 1 N-terminal propeptide (P1NP) and beta-C-terminal
cross-linking telopeptide of type 1 collagen (BCTX) as the
reference BTMs to evaluate bone formation and bone resorp-
tion, respectively.!! To our knowledge, no studies of PINP/
BCTX ratio measurements have been undertaken.

Albumin, one of the major proteins synthesized in the
liver and the most abundant protein in the circulatory system,
has pleotropic physiologic effects.?*?* Hypoalbuminemia
is strongly associated with inflammation—malnutrition
complex® and various systemic disorders (liver, kidneys,
cardiovascular, diabetes, and malignancy), many of which
are particularly common in the elderly, increases the risk of
falls and fractures,?*” and is linked to poor prognosis and
mortality in the general population?®? as well as in the ortho-
pedic patients.**3! Only limited information with conflicting
results is available regarding the role of hypoalbuminemia
in osteoporosis,*>** and its value in predicting fractures has
not been sufficiently investigated.’**

We hypothesized that in orthogeriatric patients lower
serum PINP/BCTX ratio and/or hypoalbuminemia, two
indices that current algorithms do not take into consideration,
may be associated with the presence of fracture, indicating
a greater osteoporosis-related fracture risk. In this study,
we aimed to investigate the relationship between serum
PINP/BCTX ratio, an index of bone turnover balance, and
hypoalbuminemia with the presence of osteoporotic hip
or other nonvertebral fractures in a cohort of hospitalized

orthogeriatric patients, which reflects the real world in regard
to the prevalence of major fractures.

Methods

Patients

This was an observational study using prospectively collected
data on 1,899 consecutive patients >60 years of age who
were admitted to the Department of Orthopedic Surgery at
the Canberra Hospital (a 500-bed university-affiliated tertiary
care center, Australian Capital Territory, Australia) between
1 January 2012 and 31 December 2014. After excluding
patients with high-trauma fractures, vertebral and peripros-
tetic fractures, primary hyperparathyroidism, Paget’s disease,
metastatic cancer to bone, or who lacked adequate laboratory
data, 1,239 patients were evaluated for the study. Of these
1,239 hospitalized patients (mean age 78.11£9.52 years,
69.1% women), 854 (68.9%) had a low-energy trauma
(falls from standing height) which resulted in a nonvertebral
bone fracture: 455 (36.7%) had a hip fracture (HF) (52.0%
cervical and 48.0% trochanteric) and 399 (32.2%) had other
nonvertebral fractures (humerus —79, femur —75, ankle —68,
tibia or/and fibula —27, knee —16, wrist —16, forearm —15,
others —103). There were 385 (31.1%) patients without
fractures (elective hip or knee replacement —343, suspected
surgical site infections not confirmed by further investiga-
tion —15, and 27 patients with a prosthetic joint infection
following total hip [n=20] or knee [n=7] arthroplasty). Data
were collected on demographics, orthopedic and medical
diagnoses, procedures performed, laboratory characteristics,
medication used, and outcomes.

The study was approved by the Australian Capital Terri-
tory Ethical Review Board and performed in accordance with
the principles of the Helsinki declaration. All study patients or
the legally authorized carers gave their informed consent.

Validation dataset

A retrospective analysis of a second cohort included data
obtained from electronic medical and administrative records
from 417 consecutive orthogeriatric patients (mean age
78.948.7 years, 68.2% women) admitted to the same depart-
ment between October 2011 and August 2012. Among these
patients, there were 152 (36.5%) subjects with an HF, 103
(24.7%) with other nonvertebral fractures, and 162 (38.8%)
without fractures.

Laboratory evaluation

In each patient, fasting venous blood samples were collected
within 24 hours of admission and the following tests were
performed: serum concentrations of PINP, OC, and BCTX
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using an automated electrochemiluminescent immunoassay
(Elecsys 2010, Roche Diagnostics, Ltd Corp., Indianapolis,
IN, USA), 25 (OH) vitamin D [25(OH)D] by a radioimmu-
noassay kit (DiaSorin, Stillwater, MN, USA), intact PTH by
2-site chemiluminescent enzyme-linked immunoassay on
DPC Immulite 2000 (Diagnostic Products, Los Angeles, CA,
USA), total calcium, phosphate and magnesium, as well as
routine laboratory investigations, including complete blood
count, electrolytes, renal (creatinine, urea), liver (alanine
aminotransferase [ALT], gamma-glutamyltransferase [GGT],
alkaline phosphatase [ALP], albumin, and total bilirubin)
and thyroid function tests (thyroid-stimulating hormone
[TSHJ; free thyroxine [fT4]), by standard automated labora-
tory methods. Intra- and inter-assay coefficients of variation
(CV) for PINP were 2.6% and 4.1%, respectively, for OC
3.6% and 6.6%, respectively, and for BCTX 3.2% and 6.5%,
respectively; for 25(OH)D and PTH, the intra- and interas-
say CV ranged from 2.1% to 12.7%. Calcium concentrations
were corrected for serum albumin. Vitamin D status was
defined as deficient for circulating 25(OH)D concentration
<25 nmol/L and as insufficient for 25-50 nmol/L. Second-
ary hyperparathyroidism (SHPT) was defined as elevated
serum PTH (>6.8 pmol/L, the upper limit of the laboratory
reference range). The glomerular filtration rate (GFR) was
estimated* and chronic kidney disease (CKD =stage 3) was
defined as GFR <60 mL/min/1.73 m?. Anemia was defined as
hemoglobin <120 g/L. Similar laboratory tests, equipment,
methods, and definitions were used in the validation cohort.

Statistical analyses

The statistical analysis was performed with Stata software
version 10 (StataCorp, College Station, TX, USA). Continu-
ous variables are expressed as mean = SD and compared using
analysis of variance. Categorical variables are presented as
numeral/percentages and compared by chi-square and Fisher
exact tests. The correlations between the variables were deter-
mined by Pearson’s coefficients. For Pearson correlations and
regressions, values of all continuous laboratory parameters
were logarithmically transformed to account for the skewed
nature of most of these variables. The admission PINP/BCTX
ratio was analyzed as both a continuous and a categorical
variable; in the latter, PINP/BCTX ratio was categorized into
three groups (tertiles) or as the median value. Univariate and
multivariate logistic analyses were performed to identify fac-
tors associated with the presence of HF or of any nonvertebral
fracture. Multivariate forward stepwise procedures (covari-
ates with P=0.100 in univariate analysis were selected for
entry) were performed. To quantify the significance of mul-
ticollinearity phenomena in regression analyses, the variance

inflation factor was calculated. To quantify the discriminative
utility for serum PINP/BCTX ratio, albumin concentration,
other parameters of interest, and their combination receiver
operating characteristic (ROC), analysis was used and the
predictive accuracy was expressed as area under curve (AUC).
All statistical tests were two tailed and P-values <0.05 was
considered statistically significant.

Results

Patient characteristics

In the entire cohort, patients averaged 2.7 chronic diseases
per person, and the most common were hypertension
(60.0%), osteoarthritis (42.5%), abnormal gait with the
use of an assistive device (42.0%), diabetes mellitus type
2 (DM, 22.0%), CKD (21.3%), coronary artery disease
(CAD, 17.1%), chronic obstructive airway disease (COPD,
15.4%), atrial fibrillation (AF, 14.8%), dementia (14.4%),
cerebrovascular disease (12.2%), malignancy (10.4%), and
chronic heart failure (7.8%). Four and more chronic con-
ditions were identified in total in 28.5% of patients with
the greatest burden, as expected, among the HF patients
(36.0% vs 29.4% in the nonfracture group, P=0.040). Prior
to admission, osteoporosis has been diagnosed in 239
(19.3%) patients and 182 (14.7%) subjects were receiving
antiresorptive treatment.

Regarding laboratory parameters, both groups with
fracture (HF and other nonvertebral fractures), compared to
the nonfracture group, had significantly higher mean levels
of BCTX, lower PINP/BCTX ratios, and concentrations
of calcium and higher prevalence of hyperparathyroidism
(Table 1). Subjects with HF in addition exhibited higher levels
of PTH, lower OC/BCTX ratios, phosphate, magnesium,
hemoglobin, albumin concentrations and GFR, as well as a
higher prevalence of hypoalbuminemia, vitamin D deficiency,
and anemia. On admission, hypoalbuminemia (<33 g/L) was
observed in 688 (55.6%) patients including 342 (75.2%) with
HF, 185 (46.4%) with other fractures, and 161 (42.2%) with-
out fractures. Of note, mean serum levels of PINP, OC,
P1INP/OC ratio, 25(OH)D, as well as creatinine, ALP, TSH,
and fT4 did not differ between the three groups.

Patients receiving antiosteoporotic therapy (a bisphos-
phonate plus vitamin D and calcium supplements) at least for
3 months prior to hospital admission (n=182) compared to
those who were not treated (n=1,057) had significantly higher
mean levels of serum PINP/BCTX ratio (+16.7%: 141.8%
120.7 vs 121.5£90.8) and 25(OH)D (+19.6%: 73.1£24.4 vs
61.1£26.3 nmol/L) and lower BCTX (-7.3%: 0.38+0.27 vs
0.5240.36 pg/mL) (all P<<0.01), whereas the PINP, PTH,
and albumin levels were not different.
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Table | Demographic, clinical, and laboratory characteristics of orthogeriatric patients by fracture status

Variables Total (n=1,239) HF (n=455) Non-HF (n=399) No fracture (n=385)
Age, years 78.1£9.52 83.0+8.48<f 76.6+9.49¢ 73.9+8.06
Females, n (%) 855 (69.1) 331 (73.2) 292 (72.8) 232 (60.6)
RCF resident, n (%) 190 (15.4) 126 (27.7)<f 42 (10.5)* 22 (5.7)
Osteoporosis, n (%) 239 (19.3) 120 (26.4)<° 73 (18.3) 46 (12.0)
Dementia, n (%) 178 (14.4) 125 (27.5)f 33(83) 20 (5.2)
PINP, ug/L 58.7+89.3 56.5£101.6 58.0+71.2 62.0+90.8
OC, ng/mL 6.814.7 6.5+4.8 7.1+4.6 6.9+4.7
BCTX, ug/L 0.50+0.35 0.56+0.36°¢ 0.49+0.36° 0.43£0.32
PINP/BCTX 123.3£101.9 103.4+93.9< 127.1+83.8° 147.2+104.9
OC/BCTX 16.2x11.1 13.6+9.4<f 18.1£12.5 19.4+12.2
25(0OH)D, nmol/L 62.9126.3 61.6+27.6 64.81+26.5 62.4+24
<25 nmol/L, n (%) 96 (7.8) 49 (10.8)* 22 (5.6) 25 (6.7)
<50 nmol/L, n (%) 394 (31.9) 155 (34.1) 122 (30.8) 117 (31.2)
PTH, pmol/L 7.4%5.36 8.1£5.99 7.0+4.96 6.814.84
>6.8 pmol/L, n (%) 472 (38.2) 206 (45.6) 147 (37.3) 119 (31.5)
Calcium,* mmol/L 2.41£0.13 2.3940.14<¢ 2.4140.13° 2.43+0.13
Phosphate, mmol/L 0.91+0.25 0.87+0.24< 0.93+0.25 0.94+0.24
Magnesium, mmol/L 0.76+0.10 0.7410.10¢ 0.78+0.09 0.77+0.10
Albumin, g/L 32.1+4.4| 30.2£3.90<f 32.8+4.29 33.5+4.35
<33 g/L, n (%) 688 (55.6) 342 (75.2)+ 185 (46.4) 161 (42.2)
Hemoglobin, g/L 109.5£17.9 104.8+17.2<f 112.5£17.6 118.1£17.9
<120 g/L, n (%) 876 (70.8) 366 (80.4)< 254 (63.7) 256 (66.8)
GFR, mL/min/1.73 m? 72.6+18.9 70.7£19.8° 74.7£17.4 72.5£19.0

Notes: Data expressed as mean £ SD or number (percentage). Comparison with no fracture group: *P<<0.05, °P<<0.01, and P<<0.00|. Comparison patients with hip fracture
and other nonvertebral fractures: ®P<<0.05, P<<0.01, and P<<0.001. *Calcium corrected for albumin. Of note, the proportion of patients with hypertension, chronic heart
failure (CHF), diabetes mellitus (DM), chronic obstructive airway disease (COPD), chronic kidney disease (CKD, GFR <60 mL/min/1.73 m?), history of malignancy, as well
as current smokers and warfarin users were similar in the three groups; the mean serum levels of alkaline phosphatase (ALP), thyroid-stimulating hormone (TSH), and free

thyroxine (fT4) did not differ between the three groups (data not shown).

Abbreviations: BCTX,  C-terminal Bcross-linked telopeptide of type | collagen; HF, hip fracture; OC, osteocalcin; PINP, N-terminal propeptide of type | procollagen;

PTH, parathyroid hormone; RCF, residential care facility.

Osteoporotic fractures and laboratory

parameters (correlation analyses)

These relationships have been evaluated for laboratory
parameters expressed as both continuous and categorical vari-
ables. Among 13 studied laboratory parameters (PINP, OC,
BCTX, PINP/BCTX ratio, OC/BCTX ratio, PTH, 25(OH)D,
calcium, phosphate, magnesium, ALP, albumin, and hemo-
globin), analyzed as continuous log-transformed variables
adjusted for age and gender, the highest Pearson correlation
coefficients in relation to the presence of HF or any fracture
demonstrated the PINP/BCTX ratio and albumin: —0.3015
and —0.3667, respectively, for HF, and —0.1971 and —0.2133,
respectively, for any fracture (all P=0.000). Only age showed
higher correlation coefficients (r=0.4736, P=0.000 for HF;
r=0.2902, P=0.000 for any fracture). Other clinical (female,
dementia, AF, CAD, anemia, arthritis, osteoporosis, history
of stroke or transient ischemic attack (TIA), use of walking
aid) and laboratory (PINP, OC, BCTX, OC/BCTX ratio,
PTH, calcium, phosphate, magnesium) parameters were
also significantly but weaker associated with the presence

of fracture (r ranged between 0.2930 for dementia and HF,
and 0.075 for stroke and any fracture).

Multivariate logistic regressions performed with HF
or any fracture as a dependent variable and all clinical
and laboratory characteristics with P=0.100 in univariate
analysis as independent variables after adjusting for age and
gender revealed that both lower serum PINP/BCTX ratio
and lower albumin concentration (as continuous variables)
are independent and significant factors associated with these
conditions (B coefficients 0.897 and 0.869, respectively,
P=0.000 for both variables). These models explained 28.5%
and 22.3% of variance among patients with an HF or any
fracture, respectively, correctly classifying 77.4% and 70.5%
of cases, respectively. For HF, the model’s sensitivity was
79.4%, specificity 74.9%, positive predictive value (PPV)
79.2% and negative predictive value (NPV) 75.1%, and for
any fracture, 89.9%, 26.7%, 73.5%, and 53.8%, respectively.
For the presence of HF, the AUC was 0.799 for PINP/BCTX
and 0.816 for albumin, for the presence of any fracture, the
AUC was 0.701 and 0.713, respectively.
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Because of practical considerations, we further exam-
ined the impact and clinical usefulness of the PINP/BCTX
ratio and albumin level as categorical variables. First, we
examined the association of fracture presence and the serum
PINP/BCTX ratio divided into tertiles. Table 2 shows the
tertile groupings and the percentage of individuals in each
tertile, as well as the ORs for fracture presence. Propor-
tion of patients with fractures decreased sharply from
tertile 1 (lowest) to tertile 3 (highest). With tertile 3 (PINP/
BCTX >129.2, mean 219.3£112.6) used as the reference,
the odds of fracture were significantly higher in tertiles 2
(PINP/BCTX 78.6-129.2, mean 100.7£14.3) and 1 (PINP/
BCTX <78.6, mean 53.9415.8). After adjusting for age and
gender, patients in tertile 2 had a 1.6-fold higher risk of HF
or any fracture, while for those in tertile 1, the risk of HF
was 3.4-fold higher and the risk of any fracture was 2.5-fold
higher. In other words, the ORs for the presence of fracture
linearly increased across decreasing PINP/BCTX ratio ter-
tiles, indicating a dose—response effect.

We further performed multivariate forward stepwise
logistic regression analyses for the presence of HF or of
any fracture according to serum PINP/BCTX ratio ter-
tiles including in the models the following variables: age,
gender, 25(OH)D, PTH, calcium (corrected for albumin),
phosphate, magnesium, OC, albumin, alkaline phosphatase,
presence of dementia, cardiovascular diseases (CAD, AF,
CVA, and CHF), diabetes mellitus, history of smoking, and
alcohol consumption status. The adjustment for all these
confounding factors did not significantly alter the results.
Lower PINP/BCTX ratio remained an independent and
powerful indicator for fracture presence. The ORs for HF
and any fracture demonstrated a similar linearly increased
pattern across decreasing PINP/BCTX ratio tertiles (Table 2,
model 2). Compared with the highest tertile, the presence of

HF among patients in the lowest tertile was more than 3-fold
higher and among patients in the middle tertile 1.5 times
higher, whereas the presence of any fracture was 2.3-fold
and 1.6-fold higher, respectively.

Albumin levels on admission analyzed in tertiles and
adjusted for age and gender also demonstrated a dose—
response relationship with fracture presence. Compared to
tertile 3 (the highest: >34 g/L, mean 37.312.2 g/L), the HF
patients in tertile 2 (16-34 g/L, mean 32.4+1.04 g/L) had an
OR of 2.2 (95% CI: 1.4-3.3, P=0.000) and in tertile 1 (the
lowest: <31 g/L, mean 27.612.5 g/L), an OR 0f 4.6 (95% CI:
3.0-7.1, P=0.000); similarly, patients with any fracture had
ORs of 1.3 (95% CI: 0.98-1.8, P=0.065) and 2.8 (95% CIL:
2.0-3.8, P=0.000), respectively.

Next, we dichotomized subjects using the median value
of the PINP/BCTX ratio (100.0) in our cohort. Of 612
orthogeriatric patients with the PINP/BCTX <100.0 (under
median level) on admission, 484 (79.1%) presented with
a fracture. In stepwise multiple linear regression analyses
which included all laboratory indices along with sociodemo-
graphic and clinical characteristics, PINP/BCTX <100.0 and
hypoalbuminemia (<33 g/L) were independent indicators
of an HF (OR 2.8, 95% CI: 2.0-3.8, P=0.000 and OR 3.1,
95% CI: 2.2-4.3, P=0.000, respectively) or any fracture
(OR 2.1, 95% CI: 1.6-2.8, P=0.000 and OR 1.7, 95% CI:
1.3-2.3, P=0.000, respectively).

Determinants of lower PINP/BCTX ratio

and hypoalbuminemia

In multivariate forward stepwise regression analyses,
which included all univariate clinical (dementia, CAD, AF,
history of stroke, TIA, CKD, osteoporosis, antiosteoporotic
medications use, smoking status), sociodemographic (age,
gender, residence type, and use of walking aids), laboratory

Table 2 Presence of fracture in hospitalized orthogeriatric patients according to serum PINP/BCTX ratio tertiles

PINP/BCTX ratio Model |2 Model 2°
OR 95% CI P-value OR 95% CI P-value

Hip fracture

Tertile | (<78.6), n=221 (48.1%) 3.44 2.32-5.12 0.000 3.05 2.02-4.63 0.000
Tertile 2 (78.6—129.2), n=140 (30.8%) 1.62 1.10-2.38 0.016 1.54 1.03-2.31 0.036
Any fracture

Tertile | (<78.6), n=334 (39.1%) 2.51 1.80-3.48 0.000 2.30 1.63-3.23 0.000
Tertile 2 (78.6—129.2), n=287 (33.9%) 1.6l 1.19-2.18 0.002 1.56 1.14-2.13 0.005

Notes: Logistic regression models for fracture presence by tertiles of serum PINP/BCTX ratio; as the reference used tertile 3 (PINP/BCTX >129.2, the highest), n=94
(20.4%) in the hip fracture group and n=230 (27.0%) among all patients with fractures. *Adjustment only for age and gender. "Adjustment for age, gender, 25(OH)D, PTH,
calcium (corrected for albumin), phosphate, magnesium, osteocalcin, albumin, alkaline phosphatase, GFR, presence of dementia, cardiovascular diseases (coronary artery
disease, atrial fibrillation, and chronic heart failure), cerebrovascular diseases, diabetes mellitus, history of smoking, and alcohol consumption status.

Abbreviations: PINP, N-terminal propeptide of type | procollagen; BCTX, cross-linked carboxy-terminal telopeptide of type | collagen; OR, odds ratio; Cl, confidence
interval.
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parameters with P=0.100 and the presence of an HF or
any fracture (separate analyses), the PINP/BCTX ratio as
a continuous variable was independently predicted by the
presence of HF (B=—28.602, P=0.000) or of any fracture
(B=—23.4845, P=0.000), age (f=—1.3032, P=0.000), OC
(B=2.574, P=0.000), GFR (=0.482, P=0.002), and the
use of antiosteoporotic medications (f=29.761, P=0.000).
These data indicate that lower PINP/BCTX ratio is largely
determined by increasing age, lower OC, and decline of renal
function, and is strongly associated with any nonvertebral
fracture and the nonuse of antiosteoporotic therapy.

Independent determinants of PINP/BCTX <100.0 (under
median level) were also assessed in a similar stepwise mul-
tiple linear regression analyses which included the laboratory,
sociodemographic, and clinical characteristics. The prob-
ability of PINP/BCTX <100.0 increased with increment
in each year of age by 4% (OR 1.04, 95% CI: 1.02—1.06,
P=0.000), the presence of HF by 2.8-fold (OR 2.8, 95% CI:
2.0-3.8, P=0.000), and the presence of any fracture by 2.1-
fold (OR 2.1, 95% CI: 1.6-2.8, P=0.000), and decreased
with the use of antiosteoporotic medications by 34.6% for
HF (OR 0.65, 95% CI: 0.43-1.00, P=0.050) and 32.4% for
any fracture (OR 0.68, 95% CI: 0.48-0.96, P=0.027).

With regard to hypoalbuminemia (<33 g/L), a similar
multiple regression revealed that the presence of HF (OR
2.8, 95% CI: 2.0-3.9, P=0.000) or of any fracture (OR 1.5,
95% CI: 1.2-2.0, P=0.002) is an independent determinant
of this condition and its probability with each year of age
increases by 3% in HF patients (OR 1.03,95% CI: 1.01-1.05,
P=0.005) and by 4% in the group with any fracture (OR 1.04,
95% CI: 1.02—-1.05, P=0.000).

Taken together, these data suggest that among the studied
laboratory parameters both lower serum PINP/BCTX ratio
and hypoalbuminemia are strongly associated with and are
the best to indicate a nonvertebral osteoporotic fracture.

Informative/predictive values of lower
PINP/BCTX ratio and hypoalbuminemia

In the attempt to give to practicing physicians a simple tool, we
focused on the median PINP/BCTX ratio (<100.0) and low
albumin (<33 g/L) as cutoff values. We additionally evalu-
ated the discriminative values of recently recommended treat-
ment targets for antiosteoporotic therapies: PINP >62 ug/L
for bone-forming agents®’ and BCTX <0.250 ug/L for
antiresorptive therapy.?**® In our cohort, there were only
nine (0.73%) patients (including five without fractures, one
with an HF, and three with other fractures) in whom both
these markers were within the targeted zone; none of them
had PINP/BCTX <100.0 and eight subjects (including all
four with fractures) have been receiving antiosteoporotic
treatment. In other words, both markers were in the desired
zone only in 1.3% of patients without fractures and in 0.47%
of patients with any fracture (0.22% among HF). However,
PINP <62 pg/L was found in 942 (76.6%) patients (in 368
without fracture, 304 with HF and 270 with other fractures),
and BCTX >0.250 pg/L in 955 (77.7%) patients (in 376, 302
and 277, respectively).

The results of the analyses performed with five explanatory
variables are displayed in Table 3 and Figure 1A and B. AUC
values after adjustment for age and gender for all markers
were between 0.691 and 0.855, indicating a mild-to-moderate
discriminatory ability. The PINP/BCTX ratio <100.0 and

Table 3 Bone turnover markers and hypoalbuminemia as indicators of nonvertebral osteoporotic fractures in orthogeriatric patients

Variables OR (95% CI) AUC Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %
Hip fracture

PINP/BCTX <100 2.8 (2.0; 3.8) 0.802 78.5 68.9 75.2 72.8 74.1
PINP <62.0 pug/L 1.7 (1.2; 2.4 0.785 76.3 65.2 723 69.8 71.2
BCTX >0.250 pg/L 1.3 (0.9; 1.9)¢ 0.781 77.0 65.5 729 70.4 71.8
Albumin <33 g/L 3.1 (2.2;4.3) 0.806 787 71.5 76.7 738 754
PINP/BCTX <100 7.8 (4.9-12.4) 0.855 83.0 75.6 80.4 787 79.6
+ albumin <33 g/L

Any fracture

PINP/BCTX <100 2.1 (1.6;2.8)° 0.711 90.1 27.1 735 54.8 70.7
PINP <62.0 pg/L 1.5 (I.1;2.0)° 0.695 90.3 18.7 71.3 46.4 68.2
BCTX >0.250 ug/L 1.2 (0.9; 1.6)¢ 0.691 91.3 17.2 713 46.8 68.5
Albumin <33 g/L 2.2 (1.3;27) 0.706 89.3 19.9 714 45.5 67.9
PINP/BCTX <100 3.2 (2.24.6) 0.754 85.7 41.8 75.7 58.0 71.6

+ albumin <33 g/L

Notes: Data adjusted for age and gender; *P<<0.001; °P<<0.01; <P>0.200.

Abbreviations: PINP, N-terminal propeptide of type | procollagen; BCTX, cross-linked carboxy-terminal telopeptide of type | collagen; OR, odds ratio; Cl, confidence

interval; PPV, positive predictive value; NPV, negative predictive value.
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Figure | Discriminative information on nonvertebral fracture presence according to serum PINP/BCTX ratio and albumin concentrations in orthogeriatric patients.
Notes: (A, B) Receiver operating characteristic curves (ROC) adjusted for age and gender for PINP/BCTX <100 (solid line), albumin <33 g/L (thin dashed line), and their
combination (thick dashed line) as prognostic tests for HF (A) or for any fracture (B). (C) odds ratios (ORs) adjusted for age and gender for the presence of an HF or of any
nonvertebral fracture. The group with PINP/BCTX >100.0 and albumin >33 g/L on admission used as the reference one. Among patients with only PINP/BCTX <100.0,
the ORs are 3.4- and 2.5-fold higher in subjects with an HF or any nonvertebral fracture, respectively, and among patients with only albumin <33 g/L, the ORs are 3.7- and
2.0-fold higher, respectively; if both conditions are present (combined), the ORs are 7.8- and 3.2-fold higher, respectively.

Abbreviations: BCTX, cross-linked carboxy-terminal telopeptide of type | collagen; HF, heart failure; PINP, amino-terminal propeptide of type | procollagen.

albumin <33 g/L yielded the best AUC measures for HF
(0.802 and 0.806, respectively) or for any fractures (0.711
and 0.706, respectively).

Interestingly, among patients with only PINP/
BCTX <100.0, the ORs were 3.4-fold (95% CI: 2.0-5.7,
P=0.000) and 2.5-fold (95% CI: 1.7-3.7, P=0.000) higher in
subjects with HF or any nonvertebral fracture, respectively,
and among patients with only albumin <33 g/L, the ORs were
3.7-fold (95% CI: 2.7-6.0, P=0.000) and 2.0-fold (95% CI:
1.4-2.8, P=0.000) higher, respectively (Figure 1C). The data

further suggest the independent and strong association of each
of these two factors with nonvertebral fractures.

When PINP/BCTX ratio <100.0 and albumin <33 g/L
were combined, the ORs for HF or for any fracture, compared
with the nonfractured group, were 7.8 and 3.2, respectively,
and the AUC improved (0.855 and 0.754, respectively). The
presence of both these characteristics was a more sensitive
(83.0% for HF and 85.7% for any fracture) and accurate indi-
cator of fracture presence (79.6% and 71.6%, respectively)
compared to other variables.
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Patients in the validation dataset comparing to those in the
test dataset did not show significant differences in sociode-
mographics, comorbidities, and antiresorptive medication
use. When the PINP/BCTX ratio cutoff of <100.0 and
albumin <33 g/L were applied to the validation dataset, they
showed significant and similar discriminative values. PINP/
BCTX <100: for HF AUC 0.810 (sensitivity 78.7%, PPV
75.9%), for any fracture AUC 0.710 (sensitivity 89.3%, PPV
73.8%); albumin <33 g/L: for HF AUC 0.811 (sensitivity
78.3%, PPV 71.7%), for any fracture AUC 0.705 (sensitivity
88.3%, PPV 71.7%); both factors combined: for HF AUC
0.861 (sensitivity 86.2%, PPV 81.1%), for any fracture AUC
0.765 (sensitivity 88.0%, PPV 76.7%).

Discussion

In this study, in a large cohort of consecutive hospitalized
orthogeriatric patients, lower levels of serum PINP/BCTX
ratio and albumin concentration were 1) strong independent
indicators of HF or of any nonvertebral fracture, 2) showed a
dose-dependent relationship with the prevalence of fractures,
and 3) demonstrated a discrimination ability of acceptable
precision that exceeded the discrimination ability of other
studied laboratory parameters. To the best of our knowledge,
this is the first study to demonstrate the clinical utility of
lower serum PINP/BCTX ratio and hypoalbuminemia as
promising biomarkers for predicting osteoporotic fractures
in older adults.

The prevalence of both lower PINP/BCTX ratio (reflects
an imbalance between total bone formation and resorption in
favour of the latter) and hypoalbuminaemia increase with age,
and both factors are independently associated with osteoporotic
fractures; lower PINP/BCTX ratio is also largely determined
by decline of renal function and the nonuse of antiosteoporotic
therapy. It appears that these two characteristics — serum PINP/
BCTX ratio and albumin — accumulate key determinants of
fracture risk incorporating the effects of multiple clinical and
metabolic abnormalities reported in the literature and observed
in our univariate analysis. Although there are no prior studies
using PINP/BCTX ratio, our results are consistent with the
only previous report showing that the ratio of a urinary resorp-
tion to serum formation marker (u-NTx/OC) was predictive
of fractures independent of FRAX.? A number of reports,
but not all,'-?34" indicated a link between abnormalities in
BTMs, bone loss, and increased risk of fracture independent
OfBMD.10,12,13,4144

The pathophysiological mechanism(s) underlying the
relationship between altered albumin homeostasis and osteo-
porotic fractures is not fully understood. Hypoalbuminemia
could be caused and/or aggravated by numerous chronic dis-
eases associated with increased risk of falls and fractures.?6*’
Hypoalbuminemia may directly and indirectly influence
bone status, shifting the balance toward bone resorption via
its effects on the nuclear factor-kB, disturbed inflammatory
and antioxidant responses, reduced flux of minerals to and
from the bone, decreased formation of calcium phosphate
apatite crystals, as well as affecting the metabolism of PTH,
vitamin D binding protein, and Gla-protein.>#

Our data showed that among hospitalized orthogeri-
atric patients, the serum PINP/BCTX <100 or/and albu-
min <33 g/L at admission outweighed other laboratory
parameters in its discriminatory ability of fracture presence,
especially for HF, and the combination of both signs doubles
the ORs. The fact that near equal proportions of patients
admitted with a fracture had only one of these characteris-
tics (Figure 1C) reflects the complexity, multifactorial nature,
and heterogeneity of metabolic mechanisms underlying
osteoporotic fractures and indicates the usefulness to include
in the screening strategy measuring of both parameters, each
of which demonstrated a strong independent association
with fractures.

Taken together, in older patients, serum BTMs and
albumin may perhaps help distinguish subgroups with
different prognoses for osteoporotic fracture: 1) high risk
if PINP/BCTX <100.0 and albumin <33 g/L (OR 7.8 for
HF and 3.2 for any fracture), 2) intermediate risk if P1NP/
BCTX <100.0 (OR 3.4 and 2.5, respectively) or albumin
<33 g/L (OR 3.7 and 2.0), and 3) low risk (<0.5%) in older
adults with BCTX <0.250 ug/L and PINP >62.0 ug/L.
Although the discriminative ability of these markers is only
moderate (but higher when compared with other currently
available indices), they may be particularly useful in per-
sons who have negative BMD test. It should be, however,
emphasized that the fracture risk remains substantial in
subjects with PINP/BCTX >100.0 and albumin >33 g/L;
such characteristics demonstrated 58.1% of orthogeriatric
patients without fracture but also 18.7% of all fracture
patients including 9.0% with HF, indicating that in near 1/5
of subjects with fragility fractures other factors rather than
the total balance between bone formation and resorption
and/or albumin homeostasis are important in the develop-
ment of fractures.

Limitations of the study include: 1) cross-sectional
design (results describe associations rather than causation),
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2) comparison with nonfractured elderly orthopedic patients
(not a healthy control group), a significant proportion of
which may have undiagnosed/undocumented osteoporosis, 3)
reliance on single measurement, and 4) data from one medical
center, mostly on white older adults, limiting the generaliz-
ability of the results. Of note, within 26 hours after fracture,
BTMs are not altered from the preinjury levels,* but both
bone formation and bone resorption markers significantly
increase within 6 weeks to 6 months after fracture, reflecting
the fracture healing process, and these changes may persist
for up to a year.*** As in all our patient, fasting venous blood
samples were collected within 24 hours of admission to the
hospital it is unlikely that the fracture per se contributed to
the observed changes in BTMs.

This study also has several strengths: the relatively large
number of patients, adjustment for a wide range of confound-
ing factors, and the use of validation cohort. In multivariate
regression analyses, the variance inflation factor was between
1.07 and 1.18, indicating that the amount of multicollinearity
was not significant.

Conclusion

In an unselected cohort of hospitalized consecutive ortho-
geriatric patients, both serum P1NP/BCTX ratio and albumin
levels demonstrated an inverse dose—effect relationship with
the prevalence of nonvertebral fractures and independently
indicated fracture presence with acceptable discriminatory
power. Lower PINP/BCTX (<100) and hypoalbuminemia
(<33 g/L) could be useful simple and inexpensive tools to
obtain additive prognostic information on fracture risk in the
elderly. However, confirmation in other cohorts is needed
to further support the applicability of these characteristics
to the total population.

Summary

In a cohort of unselected orthogeriatric patients (n=1,239),
serum PINP/BCTX ratio and albumin levels demonstrated
an inverse dose—effect relationship with the prevalence of
nonvertebral fractures. PINP/BCTX <100 and hypoalbu-
minemia (<33 g/L) could be useful additive prognostic tools
for fracture risk stratification in the elderly.
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