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Abstract: We aimed to investigate intra-individual changes in total procollagen-type 1 N-terminal
pro-peptide (P1NP), a biochemical marker of bone turnover, to understand patient populations and
test utilization in a Korean adult population while considering different definitions of least significant
changes by sex, age, and medical institution type. Overall, 31,501 P1NP tests were performed on
24,644 Korean adults (3389 men and 21,255 women) with a median age of 68.9 years (interquartile
range, IQR, 61.2–77.2) for osteoporosis evaluation. Among these, 1331 (5.4%) patients (127 men and
1204 women) underwent ≥3 follow-up P1NP measurements. The median follow-up period was
12.5 months (IQR, 11.7–15.9). Among 1331 patients, 64.4% experienced a decrease in P1NP and 35.6%
experienced an increase in P1NP during follow-up. Among these, the proportion of patients who
experienced serum P1NP changes ≥14.4% from baseline was 92.3%, and the proportion of patients
who achieved ≤40 ng/mL (a median level of premenopausal Korean women) during follow-up was
31.8%. The overall proportion of patients that experienced a serum P1NP change exceeding the least
significant change during follow-up was not significantly different by the type of medical institution.

Keywords: total procollagen-type 1 N-terminal propeptide; P1NP; bone turnover marker;
osteoporosis; Korea

1. Introduction

The total procollagen-type 1 N-terminal propeptide (P1NP) test is a biochemical
marker of bone turnover [1,2]. In osteoporosis, bone turnover markers have an important
role in management [3–5]. P1NP and the C-terminal telopeptide of type I collagen (β-CTX)
in blood have been designated as reference bone turnover markers for bone formation
and bone resorption, respectively, by the Joint Committee on Bone Metabolism of the
International Osteoporosis Foundation (IOF) and the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) [3–5].

In Korea, the serum P1NP test has been used in clinical laboratories by the new health
technology assessment process of the National Evidence-based Healthcare Collaborating
Agency as a biomarker for osteoporosis to monitor drug treatment since December 2015.
This test has been reimbursed by the Health Insurance Review and Assessment (HIRA)
since October 2018. According to the guideline by HIRA, P1NP tests are reimbursable only
for specified conditions: (1) the baseline assessment of osteoporosis (before osteoporosis
treatment) and (2) a test at three to six months of osteoporosis treatment initiation to
monitor drug efficacy. Since August 2019, two follow-up measurements per year are
reimbursed in Korea.

Clinical guidelines for osteoporosis recommend the measurement of P1NP as a bone
formation marker to monitor anti-osteoporotic medications [3,6,7]. The timing of mea-
surement varies by the type of anti-osteoporotic medications, anabolic or anti-resorptive
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agent [1–3]. The guidelines recommend the measurement of P1NP at one to three months af-
ter the initiation of the anabolic agent treatment (abaloparatide, romosozumab, teriparatide,
etc.) and at six months after treatment initiation of anti-resorptive agents (bisphosphonate,
denosumab, selective estrogen receptor modulators, etc.) [3,6,7]. The term ‘least significant
changes’ used for the efficacy threshold for anti-osteoporotic medications represents the
smallest difference between sequential laboratory results associated with a true change in
the measurement (exceeds the usual variability in untreated people) [7]. In Korea, anti-
osteoporotic treatment is considered effective, and the continuation of that treatment is
recommended based on the follow-up P1NP level [6,8], when (1) the P1NP level exceeds the
least significant change or (2) the P1NP level is within the reference range of premenopausal
women [6,8]. During follow-up after treatment, the serum P1NP increased when efficacy
was achieved by the anabolic agent treatment, and the serum P1NP decreased when efficacy
was achieved with anti-resorptive agents [6–8].

Because P1NP has not been historically reimbursed as a biomarker for osteoporosis,
this test has not been widely utilized in Korea [4,5,9]. A recent survey performed in Korea
revealed that only 25.5% of Korean clinicians use the P1NP test, although the P1NP test
is a reference bone formation biomarker recommended by the IOF/IFCC [4,5,9]. In that
survey, Korean clinicians have difficulties in the interpretation of the serum P1NP test (a
bone turnover marker). Therefore, serum P1NP has been underutilized in Korea. [9].

Furthermore, there are inconsistencies in defining the least significant changes for efficacy
threshold after treatment among current clinical guidelines about the use of bone turnover
markers including P1NP in osteoporosis treatment [3,6]. For example, least significant changes
are defined based on a fixed quantitative threshold >10 ng/mL (=10 µg/L) [6,10], a decrease in
P1NP to ≤35 ng/mL [7], a decrease in P1NP to ≤40 ng/mL [6,11], or based on a percentage
change from baseline, such as ≥14.4% (defined as 2.77×intra-individual coefficient of
variation) [12,13], ≥20% [10,14], ≥30% [11], ≥38% [7,10,14], or ≥40% [10,14]. Information
on the intra-individual changes in quantitative serum P1NP level during follow-up after
treatment is limited from a large Korean population. In addition, the qualitative prevalence
of patients who experienced the least significant changes based on these different definitions
after treatment is limited and should be examined in a large Korean population.

Meanwhile, among several analytical methods for serum P1NP level, an automated
electrochemiluminescence immunoassay manufactured by Roche to measure total serum
P1NP has been used in Korean clinical laboratories [6]. Green Cross Laboratories is one of
the largest referral clinical laboratories in Korea, providing various types of clinical test ser-
vices including serum P1NP to various types of medical institutions in Korea. General infor-
mation about intra-individual changes in serum P1NP test results may help physicians un-
derstand basic knowledge with regard to predictive situations during patient management.

Therefore, in this study, we aimed to investigate the P1NP test results to understand
the patient population and test utilization in Korea. We also aimed to investigate intra-
individual changes in serum P1NP in consideration of different criteria for least significant
changes according to different clinical guidelines for osteoporosis. This study can help
clinicians understand the general proportion of patients expected to experience changes in
P1NP levels based on different definitions of least significant changes.

2. Materials and Methods
2.1. Subjects

We retrospectively reviewed data obtained through the laboratory information system
of Green Cross Laboratories between 1 October 2019 and 22 September 2021 for Korean
adults (age > 20 years) who underwent serum P1NP testing. Among them, results were
excluded for patients with missing data for age or sex. In order to investigate intra-
individual changes in serum P1NP levels, patients who had ≥3 serum P1NP measurements
were included in the analysis. Clinical specimens for the serum P1NP test were obtained
from different hospitals throughout Korea and sent to the central referral laboratory, Green
Cross Laboratories in Yongin, Korea, where all specimens were analyzed (Green Cross
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Laboratories in Yongin, Korea). We investigated the quantitative and qualitative results
of the P1NP by sex, age group, and type of medical institution (public medical centers,
local clinics, referral clinical laboratories, hospitals, and university hospitals). All data were
anonymized prior to statistical analysis.

2.2. Analytical Methods

Serum P1NP was analyzed using an automated immunoassay using an Elecsys total P1NP
reagent kit (Roche, Mannheim, Germany) on an e602 analyzer (Roche, Mannheim, Germany).
The analytical measurement range of the serum P1NP assay was 5.0–1200.0 ng/mL.

2.3. Definitions

The proportions of patients that experienced changes from baseline in serum P1NP
during follow-up by eight different definitions of least significant changes described in
different clinical guidelines were investigated as follows: (1) a fixed quantitative threshold
>10 ng/mL (=10 µg/L) [6,10], (2) a decrease in P1NP to ≤35 ng/mL [7], (3) a decrease
in P1NP to ≤40 ng/mL [6,11], (4) a ≥14.4% change from the baseline level (defined as
2.77 × intra-individual coefficient of variation) [12,13], (5) a ≥20% change from the baseline
level [10,14], (6) a ≥30% change from the baseline level [11], (7) a ≥38% change from the
baseline level [7,10,14], or (8) a ≥40% change from the baseline level [10,14]. To investigate
whether the intra-individual changes exceeded the least significant changes, patients were
classified by age as follows: ≤49 years, 50–59 years, 60–69 years, 70–79 years, and ≥80 years.
Because clinical information on osteoporosis is limited in Green Cross Laboratories, patients
were grouped based on serum P1NP decrease or increase during follow-up (when sufficient
efficacy was achieved, serum P1NP was increased after anabolic treatment and decreased
after the application of anti-resorptive agents) in order to investigate the differences between
patients with different anti-osteoporotic management (indirect approach for treatment with
anabolic agents or anti-resorptive agents) [4,6,7,9,10].

2.4. Statistical Analysis

A non-parametric test was adopted where appropriate for non-normally distributed
continuous variables (age, follow-up numbers, follow-up period, and serum P1NP levels).
Chi-square tests were used to compare the categorical variables (sex, age group, decrease
or increase in serum P1NP during follow-up, least significant changes, and type of medical
institution). Statistical analysis was executed using MedCalc Statistical Software version
20.111 (MedCalc Software bv, Ostend, Belgium; https://www.medcalc.org; 2022, accessed
on 18 September 2022). p values were considered significant at the 0.05 level.

2.5. Ethical Approval

This study was conducted according to the guidelines outlined in the Declaration of
Helsinki, and all procedures involving human subjects were approved by the Institutional
Review Board of Green Cross Laboratories (GCL-2022-1023-01, 3 May 2022). A waiver
of informed consent was approved by the IRB because this study was retrospective and
involved no more than minimal risk to subjects.

3. Results
3.1. Characteristics of Study Subjects

During the study period, 31,501 P1NP tests were performed on 24,644 Korean adults
(3389 men and 21,255 women) with a median age of 68.9 years (interquartile range, IQR,
61.2–77.2). Among these, 1331 (5.4%) patients underwent ≥3 follow-up P1NP measure-
ments. The baseline patient characteristics are summarized in Table 1.

https://www.medcalc.org
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Table 1. Baseline characteristics of 1331 Korean adults.

Characteristics Total (n = 1331) Men (n = 127) Women (n = 1204)

Age, years (median, IQR) 68.1 (60.8 to 76.1) 65.5 (55.9 to 72.6) 68.3 (61.2 to 76.2)
Follow-up measurement, number (median, IQR) 3.0 (3.0 to 3.0) 3.0 (3.0 to 4.0) 3.0 (3.0 to 3.0)

Follow-up duration, months (median, IQR) 12.5 (11.7 to 15.9) 12.1 (9.7 to 14.5) 12.5 (11.8 to 16.2)

P1NP level at initial measurement, ng/mL
(median, IQR) 38.5 (20.7 to 61.9) 37.0 (19.9 to 62.1) 38.9 (20.7 to 61.8)

Age distribution (n, %)

≤49 years 60 (4.5%) 20 (15.7%) 40 (3.3%)
50–59 years 230 (17.3%) 25 (19.7%) 205 (17.0%)
60–69 years 464 (34.9%) 35 (27.6%) 429 (35.6%)
70–79 years 399 (30.0%) 39 (30.7%) 360 (29.9%)
≥80 years 178 (13.4%) 8 (6.3%) 170 (14.1%)

Type of medical institution
(n, %)

Public medical center 334 (25.1%) 25 (19.7%) 309 (25.7%)
Local clinic 462 (34.7%) 26 (20.5%) 436 (36.2%)

Referral clinical
laboratory 100 (7.5%) 11 (8.7%) 89 (7.4%)

Hospital 158 (11.9%) 28 (22.0%) 130 (10.8%)
University hospital 277 (20.8%) 37 (29.1%) 240 (19.9%)

P1NP level by age
distribution (median, IQR)

≤49 years 48.8 (26.7 to 73.7) 40.3 (27.5 to 94.3) 50.9 (25.8 to 71.8)
50–59 years 47.3 (27.0 to 71.4) 44.6 (28.8 to 79.3) 47.5 (27.0 to 70.3)
60–69 years 36.2 (18.3 to 59.3) 39.3 (22.8 to 57.4) 35.3 (18.1 to 59.4)
70–79 years 35.1 (20.4 to 56.9) 26.3 (17.3 to 40.7) 36.7 (20.8 to 58.4)
≥80 years 39.0 (23.4 to 61.2) 42.1 (23.7 to 62.0) 39.0 (23.4 to 61.2)

P1NP level at initial
measurement by type of
medical institution (n, %)

Public medical center 33.2 (16.2 to 59.8) 18.6 (13.3 to 64.4) 33.7 (16.3 to 59.5)
Local clinic 39.2 (23.6 to 58.9) 37.4 (28.2 to 43.4) 39.7 (23.3 to 59.2)

Referral clinical
laboratory 40.6 (23.6 to 56.9) 46.6 (33.0 to 57.9) 39.6 (22.7 to 56.3)

Hospital 37.1 (22.3 to 58.3) 35.2 (21.7 to 45.9) 37.6 (22.4 to 58.7)
University hospital 43.4 (23.3 to 71.9) 40.4 (22.8 to 123.2) 44.3 (23.2 to 70.5)

Increase or decrease in P1NP
level during follow-up (n, %)

Decrease 857 (64.4%) 76 (59.8%) 781 (64.9%)
Increase 474 (35.6%) 51 (40.2%) 423 (35.1%)

Abbreviations: P1NP, total procollagen-type 1 N-terminal propeptide; IQR, interquartile range.

The median follow-up period was 12.5 months (IQR, 11.7–15.9). Most patients were
post-menopausal women aged ≥60 years (72.1%, 959/1331). Women aged 60–69 years
were the most prevalent age group (34.9% of total subjects). Among five types of medical
institutions, the largest proportion of patients with measured serum P1NP was from
those who visited local clinics (34.7%), followed by public medical centers (25.1%) and
university hospitals (20.8%). The median age of patients who visited university hospitals
was significantly lower (64.1 years, IQR 56.7 to 71.3) than that for other types of medical
institutions (p < 0.001).

3.2. Serum P1NP Level at Initial Measurement

The baseline serum P1NP level was not significantly different between men and
women (p ≥ 0.05). In men, the baseline serum P1NP level was not significantly different
among age groups (p ≥ 0.05, Figure 1). In women, the baseline serum P1NP level was
significantly different between age groups (p = 0.002). In post hoc analysis, the serum
P1NP level in women aged <59 years was significantly different from that in women
aged ≥60 years (p < 0.05, except for patients aged ≥80 years). The baseline serum P1NP
level was significantly different among patients who visited different types of medical
institutions (p = 0.004, Figure 2).
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Figure 2. Baseline serum P1NP level during initial measurement by type of medical institution for
1331 Korean adults. The middle line represents the median, and the central box represents values
from the lower to upper quartiles (25 to 75th percentiles). (#) represents individual serum P1NP
result, and (H) represents outlier.

3.3. Serum P1NP Level during Follow-Up

Among 1331 patients (127 men and 1204 women), 64.4% experienced a decrease in
P1NP and 35.6% experienced an increase in P1NP during follow-up. The overall proportion
of patients who experienced a decrease or increase in P1NP during follow-up was not
significantly different by sex (p ≥ 0.05).
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The proportions of patients that achieved changes that exceeded the least significant
changes by sex, age, and definition are summarized in Figures 3 and 4.
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The proportions of patients who achieved changes that exceeded the least significant
changes were not significantly different among age groups in men (p ≥ 0.05) but did vary
significantly in women (p < 0.05, Figure 3). The proportion of patients who achieved a
decrease in ≤35 ng/mL, p = 0.002), a decrease ≤40 ng/mL (p < 0.001), and ≥40% changes
(p = 0.043) during follow-up was significantly different by age group.



Diagnostics 2022, 12, 2399 7 of 13
Diagnostics 2022, 12, 2399 7 of 13 
 

 

 
Figure 4. The proportion of patients that experienced changes in serum P1NP exceeding the least 
significant changes during follow-up: (a) in patients experiencing a decrease in serum P1NP and (b) 
in patients experiencing an increase in serum P1NP. ‘No’ represents no achievement of least signif-
icant changes, and ‘Yes’ represents an achievement of least significant changes. 

The proportions of patients who achieved changes that exceeded the least significant 
changes were not significantly different among age groups in men (p ≥ 0.05) but did vary 
significantly in women (p < 0.05, Figure 3). The proportion of patients who achieved a 
decrease in ≤35 ng/mL, p = 0.002), a decrease ≤40 ng/mL (p < 0.001), and ≥40% changes (p 
= 0.043) during follow-up was significantly different by age group. 

The proportion of patients who achieved changes that exceeded the least significant 
changes for all criteria was not significantly different among types of medical institutions 
(p ≥ 0.05). 

Among 857 patients who experienced a decrease in serum P1NP, the largest propor-
tion who achieved changes that exceeded the least significant changes (92.4%) was 

Figure 4. The proportion of patients that experienced changes in serum P1NP exceeding the least
significant changes during follow-up: (a) in patients experiencing a decrease in serum P1NP and
(b) in patients experiencing an increase in serum P1NP. ‘No’ represents no achievement of least
significant changes, and ‘Yes’ represents an achievement of least significant changes.

The proportion of patients who achieved changes that exceeded the least significant
changes for all criteria was not significantly different among types of medical institutions
(p ≥ 0.05).

Among 857 patients who experienced a decrease in serum P1NP, the largest proportion
who achieved changes that exceeded the least significant changes (92.4%) was observed
with a definition of least significant change being a ≥14.4% change from the baseline, and
the smallest proportion was observed with a definition of a quantitative threshold decrease
to ≤40 ng/mL (the median P1NP level of premenopausal Korean women).

Among 474 patients who experienced an increase in serum P1NP, the largest propor-
tion who achieved changes that exceeded the least significant changes (91.8%) was observed
when the definition for the least significant change was a ≥14.4% change from the baseline,
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and the smallest proportion was observed when the definition for the least significant
change was a quantitative threshold increase to ≥10.0 ng/mL. A quantitative threshold
decrease to ≤ 35 ng/mL or ≤40 ng/mL for the definition for the least significant change
was not applicable for patients who experienced an increase in serum P1NP level (0.0%).

3.4. Quantitative Changes in Serum P1NP Levels during Follow-Up

Quantitative changes in serum P1NP levels during follow-up were investigated. The
overall changes in quantitative serum P1NP levels at follow-up measurements (months)
based on the least significant changes ≥40% from the baseline are summarized in Figure 5.
The overall changes in quantitative serum P1NP levels at follow-up months by the least
significant changes ≥14.4% from the baseline are presented in Figure 6. The discrimination
between patients who achieved the least significant changes or not was evident when the
%difference graphs were used to monitor the quantitative level of serum P1NP instead of
the absolute level.
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Figure 5. Changes in serum P1NP at follow-up (median serum P1NP level by follow-up month is
presented and grouped based on least significant changes (LSC) ≥40% from baseline): (a) quantitative
changes in patients who experienced a decrease in P1NP during follow-up; (b) quantitative changes
in patients who experienced an increase in P1NP during follow-up; (c) %difference from baseline
in patients who experienced a decrease in P1NP during follow-up; (d) %difference from baseline in
patients who experienced an increase in P1NP during follow-up. ‘No’ represents no achievement of
least significant changes, and ‘Yes’ represents an achievement of least significant changes.
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sented and grouped based on least significant changes (LSC) ≥14.4% from baseline): (a) quantitative
changes in patients who experienced a decrease in P1NP during follow-up; (b) quantitative changes
in patients who experienced an increase in P1NP during follow-up; (c) %difference from baseline
in patients who experienced a decrease in P1NP during follow-up; (d) %difference from baseline in
patients who experienced an increase in P1NP during follow-up. ‘No’ represents no achievement of
least significant changes, and ‘Yes’ represents an achievement of least significant changes.

4. Discussion

In this study, we retrospectively evaluated serum P1NP test results in Korean adults
who visited different types of medical institutions to investigate test utilization and intra-
individual changes using different definitions of least significant changes.

Understanding patient populations and test utilization is a practical way to provide
general information regarding epidemiologic implications for physicians as well as to
provide information regarding predictive values used for the performance evaluation of a
specific clinical test [15,16].

In this study, the number of women with tested serum P1NP was larger than that
of men, and women aged 60–69 years represented the most prevalent age group. This
population distribution was comparable with the proportion of patients managed for
osteoporosis in Korea [13]. According to the public database Healthcare Bigdata Hub
by HIRA, a total of 8,294,394 patients was managed for osteoporosis in Korea between
October 2018 and September 2021, and 35.4% of them were women aged 60–69 years (M81
for osteoporosis, International Classification of Diseases, 10th Revision, http://opendata.
hira.or.kr/op/opc/olap3thDsInfo.do, accessed on 20 May 2022). The high prevalence
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of osteoporosis among post-menopausal women was comparable with previous studies
performed in other ethnic populations [1,3,13,17–20].

Several measurement methods for the serum P1NP assay are available globally, in-
cluding manual immunoassays manufactured by Orion Diagnostics (Finland) measuring
intact P1NP; that of Uscn, Life Science (China) measuring total P1NP; and automated
assays manufactured by Immunodiagnostics Systems (IDS, UK) measuring intact P1NP
and by Roche (Germany) measuring total P1NP [21–23]. Considering that the analytical
method for serum P1NP assays used in clinical laboratories in Korea is an automated
electrochemiluminescence immunoassay manufactured by Roche, the validation of the
analytical methods used in this study will contribute to the generalizability of this study
and the standardization of data about biomarkers in osteoporosis treatment in the Korean
population [2,8,21,22].

The public database Healthcare Bigdata Hub by HIRA is available for an assessment
of the numbers of reimbursed serum P1NP tests and patients in Korea (test code D5030,
http://opendata.hira.or.kr/op/opc/olapDiagBhvInfo.do, accessed on 11 May 2022). Ac-
cording to the data for the number of patients tested for reimbursed serum P1NP tests
be-tween October 2018 and September 2021, the number of patients tested for serum P1NP
increased by more than twice from 9130 patients in October 2018 to 22,431 patients in
September 2021 (overall, 605,827 patients including repeat visits during a period were
tested for serum P1NP). In Green Cross Laboratories, 24,644 patients were tested for serum
P1NP during the similar period, with about 4.1% of overall patients tested for serum
P1NP in Korea. The large number of patients tested for serum P1NP and test results by
sex, age group, and type of medical institution are strengths of this study, which may be
representative of the Korean population.

The medical service accessibility is very good in Korea, meaning patients can access
local clinics for primary care to tertiary university hospitals easily. Some types of diseases
and some types of clinical tests are utilized significantly differently by different types
of medical institution according to the severity of medical conditions or reimbursement
issues in Korea [24]. In this study, the baseline serum P1NP level varied by sex and age,
comparable to findings in previous studies [2,6,9,21,25]. In this study, the median age
of patients who visited university hospitals was significantly lower than that for other
types of medical institutions, and the baseline serum P1NP level was highest in patients
who visited university hospitals and lowest in patients who visited public medical centers.
These findings suggest that physicians should understand the differences in serum P1NP
levels by sex and age when the serum P1NP level is used in the clinical field [6,7,9,21,25].

In this study, the change in serum P1NP during follow-up was investigated with
the assumption that the direction of change (decrease or increase) varies with the type of
anti-osteoporotic treatment, because the serum P1NP level is increased after anabolic agent
treatment and decreased after anti-resorptive treatment [1,3,7]. In this study, the number of
patients who showed decreased serum P1NP levels (64.4%) was greater than the number of
patients who showed increased serum P1NP during follow-up (35.6%). This result suggests
that more patients might be treated with anti-resorptive agents [6,9]. In this study, the
overall proportion of patients who experienced a change (decrease and increase) in P1NP
during follow-up was not significantly different by sex.

In this study, the proportion of patients who achieved changes that exceeded the least
significant changes for all criteria was not significantly different among types of medical insti-
tutions. This suggests that treatment strategies may not significantly differ among physicians
in different medical institutions in Korea. In this study, the proportion of patients achieving
change regardless of treatment options (only follow-up measurements without treatment or
type of anti-osteoporosis therapy) was assessed to provide general information with regard
to heterogeneous Korean patient populations. The results of this study expand the baseline
knowledge for clinical trials of responses to various types of anti-osteoporotic treatments.

Although serum P1NP measurements are recommended for the use of a reference
bone formation biomarker to monitor the therapeutic efficacy of anti-osteoporosis therapies
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by the IOF/IFCC, the relatively late introduction of this in Korean populations requires
additional clarification for its use as a biomarker [6,8,9]. Limited data about serum P1NP
changes in Korean populations led to difficulties in the interpretation of test results and the
underutilization of this test [8,9]. According to the position statement on the use of bone
turnover markers for osteoporosis treatment by the Bone Turnover Marker Committee from
the Korean Society for Bone Mineral Research, a sufficient consensus has not been achieved
for determining a cut-off point of bone turnover markers that predicts an increased fracture
risk or assesses the response to treatment [6].

In this study, data regarding serum P1NP levels during follow-up were presented as
both absolute level changes and %differences. Because the %difference from the baseline
measurement was more intuitive than the absolute serum P1NP level change, the serum
P1NP test results of %difference monitoring with graphical visualization through a labo-
ratory information system can provide the easier interpretation of biomarker response to
therapeutic treatment. In addition, such presentation might be helpful for physicians to
assess the therapeutic efficacy of anti-osteoporotic treatment. Furthermore, this approach
can increase the appropriate utilization of serum P1NP in Korea.

The limitation of this study was a lack of detailed clinical information associated with
osteoporosis and various factors that might affect the significance of serum P1NP level,
such as type and degree of bone pathologies, history of fracture, radiologic findings, type
of anti-osteoporosis therapy, and other medications and comorbidities [14,21]. Because
therapeutic efficacies were determined differently by different definitions of least significant
changes, physicians should understand the clinical interpretation of serum P1NP changes
along with other clinical findings regarding osteoporosis and various factors affecting
the serum P1NP level [2,21]. Because this study was a retrospective analysis based on
a laboratory information system, detailed clinical information including medical history
was not available, and the possibility of other co-founders that might interfere with the
measurement was not excluded. Some outliers might affect the distribution of data. The
population of this study was heterogeneous, which limits the generalizability of this result.
Therefore, caution should be taken during the interpretation of the results. However, this
study includes large numbers of study subjects and P1NP test results, and the overall
prevalence of the findings has value for epidemiologic insights for physicians, researchers,
and laboratory personnel to understand results in routine clinical practice Korea. Future
studies based on detailed clinical information are needed to clarify the clinical significance
of changes in serum P1NP in Korea.

5. Conclusions

In conclusion, we investigated the utilization of the serum P1NP test in Korea to
understand patient populations and test utilization in clinical laboratories in a practical, ret-
rospective manner. Intra-individual changes in serum P1NP levels assessed with different
criteria for least significant changes may provide basic knowledge with regard to predictive
changes in serum P1NP in Korean patient populations. The graphical visualization of
serum P1NP level changes as not only absolute concentrations of serum P1NP, but also
%differences from baselines during follow-up, is a good option to the improve appropriate
utilization of serum P1NP tests. Further studies are needed to investigate the clinical impact
of this change in Korean populations.
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