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Abstract

Background: Bone turnover and metabolic indicators are related to age and gender. Age and gender should be
matched in subjects in disease control research of bone turnover and metabolism, but strict matching of gender
and age increases the difficulty and cost of the research. Therefore, the aim of this study was to solve it is necessary
to strictly match age and gender in clinical research in bone metabolism.

Methods: A cross-sectional study was conducted from the data were extracted from the HIS of ZhuJiang Hospital.
Data relating to seven bone turnover and metabolic indicators from 1036 patients between January 2018 and
October 2019 were analyzed.

Results: PINP, 3-CTx and 25(0OH)D were significant different in individuals younger than 20 years of age. ALP was
significantly higher in those under 20 years of age and lower at age 20-39 compared with other age groups. The
concentrations of Ca and P were different among the groups aged 0-19, 20-39, and 40-59 years of age groups but
exhibited no difference above 60 years of age. PTH expression was not dependent on age. PINP, 3-CTx and PTH
concentrations were not significantly different between the genders within the same age group. ALP was
significantly different between genders within the age range 20-59 years. Ca and 25(0OH)D were significantly
different between the genders for those older than 60. Serum P was significantly different in the two genders for
those aged 40-79. Patients received both alfacalcidol and calcium treatment differently from the others in P1NP, 3-
CTx, Serum Ca, P and ALP.

Conclusion: P1NP and B-CTx were highly correlated with age. If these two indictors require analysis in a case
control study, the patients and controls should be strictly matched by age under 20 years. The demarcation point
for ALP was 40 years of age. Ca and P were strongly recommended strict matching according to age in disease
research. The difference in PINP, 3-CTx, 25(OH)D and ALP between genders depends on age differences.
Medication history should be considered in bone turnover and metabolic clinical research.
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Background

The skeletal system operates at different levels of meta-
bolic activity in different disease states which also varies
with age [1]. Bone metabolism indicators have been
studied well in detail menopausal women, children and
adolescents. The majority of researchers believe that the
age and gender of subjects should be matched in bone
metabolism research. It remains unclear whether re-
search of the control of bone metabolic diseases requires
the strict matching of the age and sex of patients. Also
unclear is which is more important to strictly match, age
or gender. Strict matching involves great difficulty and
high costs, especially in randomized controlled trials
(RCTs). It is unclear whether strict matching is in fact
required at every age. Since no epidemiological research
is able currently to answer this question, especially that
of infants and very young children aged 0-5 years old,
we wished to investigate such relevant information from
inpatient data as a reference. We suppose that there is
association between markers of bone formation or turn-
over with age and gender. Therefore, the aim of this
study was to answer the question of matching. We
assessed the relationship between markers of bone for-
mation or turnover with age and gender, fitted the most
appropriate curve and inferred the apparent relationship
between them. Thus, data for seven bone indicators re-
lated to bone formation, turnover and metabolism were
extracted, and their association with age and gender
analyzed. The markers measured were amino-terminal
propeptide of type I collagen (P1NP), beta-isomerized C-
terminal telopeptide of type I collagen (B-CTx), alkaline
phosphatase (ALP), 25-hydroxyvitamin D (25(OH)D),
parathyroid hormone (PTH), calcium (Ca) and phos-
phorus (P) in serum.

Methods

Study design

A cross-sectional study was conducted to assess the as-
sociation between bone turnover and metabolic indica-
tors with age and gender in inpatients. Because this
study focused on age matching for disease studies, all
patient data were extracted from the hospital informa-
tion system (HIS) of ZhuJiang Hospital, Southern
Medical University, from January 2018 to October 2019.
Seven indicators from patients were retrieved. PINP, 3-
CTx, 25(0OH)D and PTH were analyzed at ZhuJiang
Hospital, Guangzhou, China, using the method of
ECLIA (Electro chemiluminescent immunoassay), and
ALP was measured by the rapid colorimetric test. Serum
calcium and P were measured with the colorimetric kit,
according to the manufacturer’s guidelines. No add-
itional medical procedures were performed on patients
as all medical record data of patients who had already
received treatment had already been recorded and stored
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within the computer system. ZhuJiang Hospital of
Southern Medical University Ethics Committee waived
the approval due to the retrospective nature of the
study.

Patients

We selected as many patients as possible from the (HIS)
of ZhuJiang Hospital, Southern Medical University. From
January 2018 to October 2019, the records of 1036 sub-
jects in the age range from infant to 90 years who had
undergone a biochemical indicator test of bone turnover
and metabolism in ZhuJiang Hospital of Southern Medical
University were obtained. The levels of bone metabolism
are different in age change, so all patients were grouped
by age to hierarchically analyze the bone indicators of dif-
ferent age brackets, including 0-19,20-39,40-59,60-79
and over 80years of age. A total of 156 patients aged
under 20 were identified and analyzed separately. Levels
of PINP, p-CTx, ALP, 25(OH)D, PTH, Ca and P in serum
had been recorded in each case during routine laboratory
investigation. Kinds of disease of all the patient’s data in
supplement table 1. To reduce information bias, the data
were collected by four experienced researchers, who di-
vided into two teams, one team collected data and the
other team checked the data.

Statistical analysis

Statistical analysis was performed using IBM SPSS v24.0
(USA) software. Data are presented as median values
(QR). Curve fitting and hierarchical analysis were con-
ducted to quantify associations among the variables.
Age-related changes in bone turnover and metabolic
markers were modeled using third-degree polynomial
functions, which gave the highest coefficients of deter-
mination (R?) in comparison with other models. Cubic
and exponential curves were plotted from the calculated
results. To determine potential factors for bone turnover
and metabolic markers, multivariable logistic regression
analysis was performed, and the associations between
influence factors and outcomes are presented as odds
ratios (ORs) and 95% ClIs, after adjustment for
confounders, including age, gender, types of anti-
osteoporosis medicines, anti-osteoporosis medicines tak-
ing duration time, types of disease and bone turnover
and metabolic detection season. Comparisons between
groups were calculated using Chi-square, Mann-
Whitney and Kruskal-Wallis tests. Use Max Likelihood
analysis where missing data were taken into account. All
statistical tests and confidence intervals were two-sided.
P <0.05 was considered statistically significant.

Results
For all patients, the seven bone turnover and metabolic
markers namely PINP, B-CTx, ALP, Ca, P, 25(OH)D
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and PTH were extracted then analyzed. All baseline
characteristics are presented in Table 1.

Correlation with age

Young patients had high levels of PINP, B-CTx and
25(OH)D, the difference in their concentration in pa-
tients younger than 20years compared with those
who were older was significant, but not significant be-
tween groups for those over 20years of age (Fig. 1la,
b and g; Table 1). There was a significant difference
in ALP concentrations for patients older than 20 years
compared with those younger than 20 years age. ALP
was significantly lower in patients aged 20-39 com-
pared with other age groups. ALP concentration did
not vary in patient groups over the age of 40 years
(Fig. 1c; Table 1). The concentrations of Ca and P in
different age groups were completely inconsistent,
with differences among the 0-19, 20-39, and 40-59
years age groups, but not different over 60 years of
age (Fig. le, f; Table 1). PTH expression was not
dependent on age (Fig. 1d; Table 1).

Because bone turnover and metabolic indicators were
significantly different for those under 20 years of age, we
analyzed and modeled those patients separately. In a
total of 156 young patients, the relationship between
PINP and age was not a simple linear correlation. Re-
gression analysis and curve fitting suggested that the re-
lationship between PINP and age was cubic polynomial.
PINP decreased with age below the age of 3—4, then in-
creased over the range 4—14 years. Overl4 year of age,
PINP then again declined with increasing age (Fig. 2a,
b). B-CTx and ALP exhibited trends similar to those of
P1INP, levels declining before the age of 4, then gradually
increasing from 4 to 14 years, and gradually decreasing
after 14 years until reaching the levels observed in adults
(Fig. 3¢, d, k, 1). Serum Ca and P levels also fitted a cubic
polynomial curve, although R* was not greater than 0.3.
(Fig. 2e-h). PTH and 25(OH)D levels did not exhibit a
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similar declining model but had a small rising trend with
age (Fig. 2i-1).

Correlation with gender

A stratified analysis was conducted according to the dif-
ferent age groups. The results indicated that serum
PINP, B-CTx and PTH were not significantly different
between the two genders (Table 2, Fig. 3a, b and d).
Serum ALP levels were significantly different for differ-
ent genders for those aged 20-59 (Table 2, Fig. 3c).
Serum Ca and 25(OH)D were significantly different in
the two genders for patients older than 60 (Table 2, Fig.
3e, g). Serum P was significantly different in the two
genders for those aged of 40-79 (Table 2, Fig. 3f). We
additionally analyzed the bone markers of boys and girls
aged between 0 to 19 years old. The age cut-off points
for pre-pubertal and pubertal of boys are 12years old
and girls are 11 years old. We found only the levels of -
CTx (p=0.006, Bonferroni Correction) has significant
differences between pubertal boys and girls.

Correlation with anti-osteoporosis medication

Multiple logistic regression analyses found either type of
anti-osteoporosis medicines or anti-osteoporosis medi-
cines taking duration time are not the main factors to
influence bone turnover and metabolic markers in these
patients. However, nonparametric analysis (Bonferroni
Correction) found only the group in which patients re-
ceived both alfacalcidol and calcium treatment has dif-
ference than the other groups in PINP, B-CTx, Serum
Ca, P and ALP (Fig. 4a-e).

Another found

Multiple logistic regression analyses found the 25(OH)D
test in summer will get a higher level than other seasons
(OR:1.70, 95% CI:1.01-2.60, p = 0.044).

Table 1 Bone turnover and metabolic indicators are displayed hierarchically by age

Age phase (year) 0~ 19y 20~ 39y 40 ~ 69y 60 ~ 79y 80y~ P value
Gender

Male(n) 89 62 159 104 8 0.000

Female(n) 61 115 246 158 34 0.000
PTNP (ug/L) 520.05(340.90,825.28) 44.18(2865,7147) 44.59 (31.93,6942) 44.25(29.66,62.45) 41.90(31.15,74.64) 0.000
B-CTx (ug/L) 35(1.01,1.73) 0.47(0.30,0.83) 0.50(0.30,0.75) 0.56(0.37,0.76) 0.42(0.28,0.78) 0.000
PTH (pmol/L) 3.05(2.20/4.20) 3.40(2.00,4.80) 3.30(247,4.83) 3.50(2.48,5.60) 3.25(2.27,5.60) 0.243
Ca (mmol/L) 2.53(243,2.64) 242(232,2.51) 241(232,2.51) 2.37(2.27247) 2.30(2.21,242) 0.000
P (mmol/L) 1.56(1.40,1.75) 13(1.00,1.31) 2(1.00,1.27) 11(0.96,1.23) 12(0.90,1.21), 0.000
25(OH)D(ug/L) 23.80(18.75,29.20) 22.60(18.35,26.90) 22.40(18.00,27.20) 21.75(16.48,26.55) 19.20(14.70,26.38) 0.005
ALP (mmol/L) 21.50(148.98,279.25) 69.00(54.00,82.50) 78.50(65.00,103.00) 80.00(64.00,99.25) 83.43(63.25,99.00) 0.000

Data are presented as Median (QR). Statistical tests were made by Chi-square test and Kruskal-Wallis test. P-value among five age groups
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B P=0.000

P=0.323

Fig. 1 a Different expression of serum P1NP concentration in different ages; b Different expression of serum 3-CTx concentration in different
ages; ¢ Different expression of serum ALP concentration in different ages; d Different expression of serum PTH concentration in different ages; e
Different expression of serum Ca concentration in different ages; f Different expression of serum P concentration in different ages; g Different
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Discussion

The present study focused on bone metabolism indi-
cators in patients of different age and gender using
HIS data from one hospital, providing mathematical
modeling to assist the future study of age and gender
in disease research. Although multiple studies have
been published that provide a reference for differ-
ences in children and adolescents [2—8], those studies
did not provide a precise breakdown of age and gen-
der, namely at what patient age does parameters

require precise matching and which age does they
not. Researchers believe that age matching should be
performed on all subjects in disease control research,
but strict age-matching substantially increases the cost
and difficulty of conducting the study. The present
research found that patients aged more older than 20
years demonstrate that PINP, B-CTx and 25(OH)D in
patient research do not require age matching. This
will greatly help researchers reduce the cost and diffi-
culty of their research.
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Fig. 2 B Box plots of serum PTNP concentration by age and gender in patients under 20 years; b Cubic polynomial curves of serum PTNP
concentration by age and gender in patients under 20 years; ¢ Box plots of serum 3-CTx concentration by age and gender in patients under 20
years; d Cubic polynomial curves of serum 3-CTx concentration by age and gender in patients under 20 years; e Box plots of serum Ca
concentration by age and gender in patients under 20 years; f Cubic polynomial curves of serum Ca concentration by age and gender in patients
under 20 years; g Box plots of serum P concentration by age and gender in patients under 20 years; h Cubic polynomial curves of serum P
concentration by age and gender in patients under 20 years; i Box plots of serum 25(0OH)D concentration by age and gender in patients under
20 years; j Cubic polynomial curves of serum 25(OH)D concentration by age and gender in patients under 20 years; k Box plots of serum ALP
concentration by age and gender in patients under 20 years; | Cubic polynomial curves of serum ALP concentration by age and gender in
patients under 20 years; m Box plots of serum PTH concentration by age and gender in patients under 20 years; n Exponential curve of serum
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The biological data for young individuals is very compli-
cated, and so we established mathematical models to cor-
relate data for people under the age of 20. We noted that
PINP and B-CTx levels were especially correlated with age.
The concentrations of PINP in infants and young children
were higher although their values gradually decreased with
age, but not in a simple linear relationship. Firstly, it signifi-
cantly declined from 0 to 5 years, followed by a period of
equilibrium and a small escalation phase between the ages

of 6 and 15. Over 15, P1NP levels again rapidly declined by
the age of 20 to values close to those of adults. Many stud-
ies have demonstrated that PINP and p-CTx are associated
with age, but none have analyzed the relationship in detail
or curve fitted the relationship, as conducted here. Accord-
ing to statistical analysis, the relationship with PINP and
age is a complex third-degree polynomial function, and the
curve fits well using a cubic relationship. There are two
peaks in bone growth in childhood. The first peak appears
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Fig. 3 a Different expression of serum P1NP concentration in different ages and genders; b Different expression of serum 3-CTx concentration in
different ages and genders; ¢ Different expression of serum ALP concentration in different ages and genders; d Different expression of serum PTH
concentration in different ages and genders; e Different expression of serum Ca concentration in different ages and genders; f Different
expression of serum P concentration in different ages and genders; g Different expression of serum 25(0OH)D concentration in different ages and
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in infancy and the second in early adolescence. The present
study found that bone metabolic indicators grew at their
highest rate during puberty, the fastest rate for bone min-
erals over the age 12-13. As an indicator related to rapid

growth rate in healthy individuals, it is not surprising that
serum ALP and PINP declines after puberty. f-CTx de-
clined before the age of 4, then increased over the ages 4—
14 years, gradually decreasing after the age of 14. In the
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present study, because R* was less than 0.3, the trend was
judged to not be significant, possibly due to the limited
sample size. A positive result might have been possible had
the sample size been larger. The data obtained from the
HIS in the present study included a large number of re-
cords of infants and children which allowed us to construct
a mathmatical model. Prior to this study, almost no bone
metabolic data had been published regarding Chinese chil-
dren or adolescents, especially babies. In one large study,
the minimum age was 15-19 years [9]. Another study that

researched a large cohort of healthy adults in China, fo-
cused on healthy individuals older than 20 years of age [10].
Thus, studies on children in China, both healthy and sick,
are scarce [11, 12]. Studies of pediatric-specific diseases are
valuable as reference data. However, due to the sample size
and narrow-specificity of the diseases in question, the re-
sults are often generally only applicable in a limited fashion
[13-15]. Nevertheless, the curve model of young patients
obtained in this study provides a good basis for future
research.



Shao et al. BMC Musculoskeletal Disorders (2020) 21:603

Bone metabolism is closely related to gender, an asso-
ciation which has been described in multiple studies [9,
16—19]. In the present research, we found significant dif-
ferences in PINP, B-CTx, 25(0OH)D and ALP concentra-
tions between genders at all ages. However, if study
subjects are stratified by age, the differences in gender
are not apparent. This suggests that differences in gen-
der depend on the ages of individuals, indicating that
gender does not need to be strictly matched if age has
been matched. Conversely, if age is not strictly matched,
it would be necessary to strictly match by gender.
Clearly, in clinical research, it is easier to match gender
than age, so matching gender only would be advanta-
geous for future research studies.

The patients who both took alfacalcidol and calcium were
analyzed separately. Patients taking both two medication
have lower N1INP, 3-CTx, 25(OH)D and ALP values than
others. Taking two kinds of medications did have the corre-
lations to bone turnover and metabolic marker, but we
can’t actually judge the causal of the relationship. In bone
turnover and metabolic clinical trials, patients who take
both alfacalcidol and calcium should be excluded but only
take alfacalcidol or calcium didn’t need to be excluded.

Conclusions

PINP and B-CTx concentrations are highly correlated
with age, especially in individuals under 20 years of age.
If these two indicators require analysis in a case-control
study, patients and controls must be strictly matched by
age or hierarchical research should be conducted ac-
cording to age if subjects are under 20 years of age. In
contrast, researchers do not need to match patients
strictly if all subjects are older than 20. The threshold
for ALP is 40 years of age. The situation for Ca and P is
extremely complicated and we strongly recommend
strictly matching according to age in disease research.
The difference in PINP, B-CTx, 25(0OH)D and ALP con-
centrations between genders depends on the difference
in age. These don’t require strict gender matching if age
has been matched. Medication history should be consid-
ered in bone turnover and metabolic clinical research.
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