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Thermodynamic diagram of the multiple linear regression equation coefficient and p value.

Public summary

m In-depth analysis of type 2 diabetes in Anhui Province suggested that the risk factors for bone complications included
body shape indexes, creatinine, uric acid, triglycerides and blood pressure.

m Interestingly, the bone mineral density of lumbar vertebrae in patients with type 2 diabetes was increased, suggesting
that there was a risk of lumbar hyperosteogeny.
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Abstract: Type 2 diabetes mellitus is often accompanied by serious complications, including bone metabolic diseases,
liver diseases, and kidney diseases, which are affected by the course of disease, sex, age and individual differences and
cannot be a unified treatment paradigm. Therefore, for the in-depth analysis of clinical data, looking for the correlation of
type 2 diabetes complication data has important guiding significance for the treatment of type 2 diabetes and its complica-
tions. In this paper, multiple linear regression models were established based on the clinical data of type 2 diabetes
patients in Anhui Province. Our results suggest that the main factors affecting bone complications of type 2 diabetes in-
clude body shape indexes, creatinine, uric acid, triglycerides and blood pressure. Interestingly, the bone mineral density of
lumbar vertebrae in patients with type 2 diabetes was increased, suggesting that there was a risk of lumbar hyperosteogeny.

Keywords: type 2 diabetes; machine learning; multiple linear regression (MLR); bone metabolism
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1 Introduction

Type 2 diabetes mellitus (T2DM) is a serious chronic disease
with a variety of causes, mainly related to genetic factors,
diet, lifestyle and the endocrine system. Clinical examination
of diabetes mellitus includes fasting glucose, fasting insulin
levels and glycosylated hemoglobin levels, which can reflect
the average blood sugar status of the human body in the last
three months. Type 2 diabetes refers to the normal produc-
tion of insulin, but it cannot clear blood sugar in the human
body, resulting in long-term high blood glucose. Long-term
high blood glucose levels can cause serious damage to many
organs of the human body and even induce life-threatening
complications, such as visual impairment, poor healing of
lower limb ulcers, heart disease, osteoporosis or stroke!'.
Lipocalin disorders are a common comorbidity of type 2
diabetes. It is characterized by hyperlipidemia and increased
blood cholesterol and triglyceride levels, resulting in fatty
liver and even cirrhosis. Alkaline phosphatase is usually used
to evaluate whether the liver parenchyma is seriously dam-
aged”!. The impact of diabetes on the kidney is also very ob-
vious. Early diabetic nephropathy can be reversed; however,
once clinical proteinuria occurs, it can only delay its further
development. Creatinine needs to be filtered through the kid-
neys, and very little is reabsorbed through the kidneys!. Uric
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acid is metabolized by the kidneys. Both creatinine and uric
acid levels are used clinically to reflect the detoxification
ability of the kidney™. Diabetes mellitus and hypertension are
both related to hyperlipidemia, and there may be common ge-
netic genes. In addition, high blood sugar, high blood viscos-
ity, vascular wall damage and vascular resistance changes are
factors that easily cause hypertension in diabetic patients®.
Systolic blood pressure and diastolic blood pressure together
reflect the blood pressure of patients.

Diabetic osteoporosis is another important complication of
diabetes mellitus in the skeletal system. As a systemic skelet-
al disease, its main characteristics are the reduction of bone
mass and the damage of bone tissue structure’. Interestingly,
while type 2 diabetes is often linked with preserved bone
mineral density, it is also associated with increased skeletal
fragility. This paradoxical relationship further complicates the
clinical assessment and management of bone health in T2DM
patients, making traditional fracture risk calculations often in-
adequate for this group”. Due to the increasing number of
diabetic patients each year, diabetic osteoporosis has become
one of the important reasons for the decline in daily life vari-
eties of the diabetic population, and it is also one of the dis-
eases with the greatest risk to the elderly and has received in-
creasing attention from scholars in recent years. The changes
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in calcium and phosphorus metabolism are reflected in the
changes in bone morphology, structure and tissue composi-
tion to varying degrees®. 25-Hydroxyvitamin D3 is an im-
portant substance for bone formation by conserving calcium
into bone. Serum bone gla protein (S-BGP) is a specific in-
dex to evaluate bone formation and the bone turnover rate™.
Vitamin D is a fat-soluble vitamin that plays an important role
in controlling calcium levels and bone calcification, which
stimulates the release of parathyroid hormone'™. The main ef-
fect of parathyroid hormone is to promote osteopenia and in-
crease blood calcium levels. Alkaline phosphatase is also a
marker of bone metabolism that can reflect the condition of
the human skeleton. It is an index to detect the metabolic
activity of cartilage and bone tissue in blood"!. Osteocalcin is
critical for the osteogenic capacity of osteoblasts, and its main
function is to promote bone formation'. Beyond its structural
functions, recent findings suggest that bone, as an endocrine
organ, releases osteocalcin alongside other hormones, play-
ing a role in glucose metabolism and potential implications in
diabetic complications™. The N-terminal pro-peptide of type I
procollagen is an index reflecting the content of collagen in
bone!”. If the N-terminal propeptide of type I procollagen de-
creases, collagen decreases, and bone metabolism is weak!'".
The level of B-Cross Laps is a potent marker for metabolic
bone diseases characterized by markedly enhanced osteoclast
activity"l.

Although there have been some reports on the clinical data
analysis of T2DM, the existing data models cannot accur-
ately predict the correlation of clinical indexes in different re-
gions because of the different pathogenesis of T2DM, the di-
verse causes and the significant differences in the distribution
of population data in each region. Machine learning methods
can mine medical information conveniently and noninvas-
ively and have a strong ability to process large-scale medical
data quickly. In the present study, we established a classifica-
tion model based on the clinical datasets of T2DM patients in
Anhui Province and deeply analyzed the correlation between
bone metabolism and other indexes of T2DM patients, which
provides important reference data for potential early screen-
ing and prevention and treatment.

2 Subjects and methods

To study the interaction between bone metabolism data and
other data of type 2 diabetes patients, we used multiple linear
regression (MLR), support vector regression (SVR) and other
machine learning methods to mine and analyze the clinical
data of patients. The pipeline of this study is shown in Fig. 1.
First, 282 clinical data points of type 2 diabetes patients were
collected, and the outliers in the data were cleaned by the
boxplot method. Then, the missing values were filled by K-
nearest neighbors (KNN). On the basis of the preprocessed
data, multiple linear regression was used to analyze the rela-
tionship between the indexes one-to-one. The independent
variable indexes of the multiple linear regression model were
screened through the analysis results. According to the res-
ults of data screening, the multiple linear regression model
and support vector regression model were built again, and the
reliability of data screening was improved by model scoring.
We used Python (version 3.8) to implement boxplots, KNN,
MLR, and SVR. We also used Python and Excel for data
visualization.

2.1 Subjects

All the data in this study were collected from the First Affili-
ated Hospital of USTC, which included 282 diabetic patients
with 29 indexes. The use of clinical data obtained ethical ap-
proval from the Ethics Committee of the First Affiliated Hos-
pital of USTC (Approval No. 2020-KY-38). The indexes and
their abbreviations are shown in Table 1. The 29 indexes
measured by patients in the dataset can be divided into sever-
al categories: general physical examination, routine examina-
tion of diabetes mellitus, blood lipids and bone metabolism
detection.

2.2 Multiple linear regression

Multiple linear regression is mainly used to evaluate the rela-
tionship between the dependent variable and multiple inde-
pendent variables!>"". We built an MLR model with bone
metabolism indicators as independent variables and other data
as dependent variables.

The MLR model can be expressed as:
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Original data
Boxplots » Processed data
method MLR: MLR SVR
: analyze the
Clean outliers . :
relationship A
BetEEEE Improve the reliability
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Fig. 1. The pipeline of MLR and SVR models for clinical datasets.
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Table 1. Indexes and their abbreviations and categories.
Categories Indexes Abbreviations
Sex
Age
General physical examination Height
Weight
Body mass index BMI
Duration
Fasting plasma glucose FPG
Routine examination of diabetes mellitus
Fasting insulin FINS
Glycosylated hemoglobin HbAlc
Creatinine Cr
Liver and kidney function Uric acid UA
Alkaline phosphatase ALP
Triglyceride TG
Blood lipids
Total cholesterol TC
Systolic blood pressure SBP
Blood pressure . .
Diastolic blood pressure DBP
Lumbar L1-4 bone mineral density L1-4
Bone mineral density at the junction of radius and ~ Anterior 1/3 of
distal 1/3 of ulna radius

Bone mineral density detection

Bone mineral density of femoral neck Femoral neck

Bone mineral density in Ward’s triangle Ward’s triangle

Great trochanter bone mineral density Great trochanter

Bone mineral density at the total hip Total hip
Bone metabolism . . Serum calcium Ca
detection General biochemical markers
Serum phosphorus P
Bone metabolism regulating Vitamin D VD
Bone metabolism markers hormones Parathyroid hormone PTH
detection Alkaline phosphatase ALP
Bone formation markers Osteocalcin oC
Propeptide of type I procollagen PINP
Bone resorption markers B-Cross Laps CTX
Y=XB+e, other data as dependent variables. The relationship between
Y, I X, X the bone metabolism index and other data can be mined more
Y, 1 X, X pertinently by linearly fitting other kinds of data with the
Y= X = : ’ bone metabolism index.
Y, 1 X, X, 2.3 Statistics
Bo & Before analyzing the role of different bone metabolism data
B & in fitting other indexes through the MLR model, it is neces-
B= . E=1 . ’ sary to carry out the F test on the MLR model to determine
b ) the overall significance of the linear equation. The F test is a
k &y

where Y is the dependent variable, X is the design matrix and
is assumed to be of full column rank (linear independence
between variables), B is the parameter vector, and the resid-
ual vector & satisfies the previous assumptions.

To comprehensively analyze the relationship between the
indexes, we built 15 multiple linear regression models with
14 bone metabolism indexes as independent variables and 15

test in which the statistic follows the F-distribution under the
null hypothesis (HO). It is usually used to analyze statistical
models with more than one parameter (such as MLR) to de-
termine whether some or all of the parameters in the model
are suitable for estimating the dependent variable.

Therefore, the original hypothesis (HO) that all regression
coefficients are 0 and the alternative hypothesis (H1) that all
regression coefficients are not 0 are proposed. Under the
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condition that the null hypothesis is true, the following statist-
ics can be established:

B SSR/k
" SSE/(n-k-1)’

where SSR is the regression sum of squares and SSE is the re-
sidual sum of squares. This statistic obeys F(k,n—k—1). F
can be obtained from the sample index value. Given the signi-
ficance level «, the critical value F,(k,n—k—1) can be ob-
tained by looking up the table. If F > F, (k,n—k—1), the ori-
ginal hypothesis is rejected, and the multiple linear regres-
sion model is considered to be significant overall; if
F<F,(k,n—k—1), the original hypothesis is accepted, and
the model is considered to be not significant overall.

We performed an F test on the multiple linear regression
model to determine the overall significance of the linear
equation.

Then, other types of indexes were linearly fitted by bone
metabolism indicators, and the regression parameters were
tested by ¢ test. Combined with regression parameters and ¢
tests, the relationship between bone metabolism indicators
and other data was explored.

The result of the 7 test is expressed as a p value, which usu-
ally indicates that the independent variable is strongly explan-
atory of the dependent variable when it is below 0.05.

2.4 Stepwise multiple linear regression

After establishing the regression equation, we selected the op-
timal regression subset from the set of relevant independent
variables by the stepwise regression method. First, we selec-
ted the independent variable with the largest p value in the
MLR model and remove the independent variable from the
independent variable set. Then, the MLR model was built
again with the deleted subset of independent variables. The
final MLR model was obtained until the p values of the ¢ tests
of all independent variables were less than 0.05.

2.5 Support vector regression

To further verify the relationship between bone metabolism

indicators and other data, bone metabolism indicators were
screened according to the results of the # test. The new MLR
and SVR models were built by using the new indexes
obtained by screening and compared with the model built by
using all bone metabolism indexes. The evaluation strategy of
the SVR model is described as follows: the dataset was ran-
domly divided into five equal parts without repetition, and the
best parameters of the SVR were found by fivefold cross-
validation and grid search, in which the mean value of R2 on
the validation set calculated by cross-validation under the
found best parameters was used as the score of the SVR
model.

3 Results and discussion

3.1 Statistical significance analysis

In this paper, 15 multivariate linear regression models were
established, with 14 bone metabolism indexes as independent
variables and 15 other examination indexes as dependent vari-
ables. The calculation results of the F-statistic are shown in
Fig. 2. Except for two models with Cr and TC as dependent
variables, most of the models were considered statistically
significant at a significance level of 0.05 and could be further
analyzed.

3.2 Relationship between bone metabolism indexes and
other examination indexes

The overall relationship between bone metabolism indexes
and other examination indexes is shown in Fig. 3.

3.2.1 General physical examination indexes

Sex was positively correlated with vitamin D and anterior 1/3
of radius (p<0.05) and negatively correlated with femoral
neck and osteocalcin (p<0.05). Age was negatively correl-
ated with the anterior 1/3 of radius (p<0.05), Ward’s triangle
(p<0.05), CTX (p<0.05) and PINP (p<0.05). Height was
positively correlated with the anterior 1/3 of radius (p<0.05)
and Ward’s triangle (p<0.05). Body weight was positively

F-statistic

12

10

F-statistic
Q ] NN (#)] (0]
% |

Fig. 2. F-statistic in the multivariate linear regression model.
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Fig. 3. (a) Thermodynamic diagram of multiple linear regression equation coefficient (red represents positive correlation, blue represents negative correl-
ation, and the darker the color, the larger the absolute value of the coefficient); (b) p value thermodynamic diagram of bone metabolism index and other

data (the darker the color, the smaller the p value).

correlated with parathyroid hormone (p<0.05), L1-4 (p<0.05)
and anterior 1/3 of radius (p<0.05). BMI was positively cor-
related with vitamin D (p<0.05), parathyroid hormone and L1-
4 (p<0.05) and negatively correlated with PINP (p<0.05).

By using multiple linear regression analysis of the relation-
ship between bone metabolism indexes and other indexes,
BMI, height, weight and other indexes of body shape were
generally positively correlated with bone mineral density, in-
dicating that the control of weight and BMI in patients with
type 2 diabetes mellitus was particularly important for the
treatment of osteoporosis. The relationship between the in-
dexes of routine physical examination and bone metabolism
is usually indirect. With increasing age after menopause, es-
trogen levels decrease, which results in increased production
of follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) in the anterior pituitary through the negative feed-
back regulatory mechanism of the hypothalamus-pituitary.
Garcia-Martin et al.'! found that FSH and LH were posit-
ively correlated with osteocalcin and B-CTX. This finding is
inconsistent with the conclusion that age is negatively correl-
ated with CTX in this paper. Deficiency of vitamin D and
parathyroid hormone is associated with bone loss, increased
bone resorption, and increased fracture risk in elderly indi-
viduals. PINP, as an extracellular breakdown product when
osteoblasts synthesize and release procollagen fibers, can be
used as a marker of bone cell activity and bone formation
level and a biochemical index highly related to osteo-
porosis™. Shan et al.'” confirmed that low BMI may be asso-
ciated with osteoporosis in postmenopausal women with type
2 diabetes. This is consistent with the results in this paper.

3.2.2 Routine examination indexes of diabetes mellitus

The course of disease was positively correlated with L1-4 and

1205-5

osteocalcin (p<0.05) and negatively correlated with anterior
1/3 of radius (p<0.05), total hip (p<0.05), CTX (p<0.05) and
PINP (p<0.05). Fasting blood glucose levels were positively
correlated with alkaline phosphatase (p<0.05) and CTX
(»<0.05) and negatively correlated with osteocalcin (p<0.05).
Fasting insulin was positively correlated with calcium and L1-
4 (p<0.05) and negatively correlated with CTX (p<0.05) and
PINP (p<0.05). Glycosylated hemoglobin was positively cor-
related with total hip circumference (p<0.05) and negatively
correlated with calcium (p<0.05).

Im et al."” found that the level of osteocalcin in patients
with type 2 diabetes was significantly lower than that in non-
diabetic patients and people with impaired glucose tolerance,
which is consistent with our results. Insulin can promote the
synthesis of vitamin D and further promote the secretion of
osteocalcin by osteoblasts. Furthermore, osteocalcin can be
expressed in osteoblasts and released into the blood to main-
tain glucose homeostasis by stimulating the expression of in-
sulin in the pancreas, thereby alleviating the symptoms of
glucose intolerance!'”. In addition, Rossini et al.'” believed
that insulin receptors on osteoblasts could not bind to insulin
due to insufficient insulin in diabetic patients, which affected
the uptake of amino acids and collagen fibers by osteoblasts,
resulting in a decrease in osteocalcin secretion. Indeed, we
found that fasting blood glucose levels are negatively correl-
ated with osteocalcin. As a regulatory factor of bone forma-
tion, insulin can promote the synthesis of collagen, cellular
amino acids and nucleotides, and stimulate the reproduction
of bone cells”™, thereby reducing bone loss and maintaining
bone mass. The expression level of PINP reflects the forma-
tion of new bone, and the faster the formation of new bone,
the more PINP in the blood!”. This is contradictory to the
result that fasting insulin is negatively correlated with CTX
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and PINP.
3.2.3 Renal function tests

Creatinine was positively correlated with calcium (p<0.05)
and parathyroid hormone (p<0.05) and negatively correlated
with the femoral neck (p<0.05). Uric acid was positively cor-
related with calcium, parathyroid hormone (p<0.05) and L1-4
(p<0.05).

Diabetes-related indexes were positively correlated with
uric acid levels and lumbar spine L1-4, indicating that there is
not only the risk of osteoporosis but also the phenomenon of
lumbar disc hyperplasia in the complications of type 2 dia-
betes mellitus. The possible reason for hyperplasia can be the
enrichment of high uric acid in lumbar bone metabolism, sug-
gesting that the pathological characteristics of lumbar disc hy-
perplasia and osteoporosis should be considered comprehens-
ively in clinical treatment. Previous studies have reported that
urinary creatinine is helpful for the analysis of bone metabol-
ism indexes™", yet there are relatively few studies on serum
creatinine. Keizman et al.”” showed that hyperuricemia may
be incompatible with osteoporosis, and patients with hyper-
uricemia are less likely to develop osteoporosis. As an antiox-
idant produced inside the body, uric acid can not only chelate
metal ions but also scavenge peroxides and oxygen free radic-
als, further inhibiting osteoclastogenesis™, thereby reducing
the occurrence of osteoporosis. This study also found a posit-
ive correlation between uric acid and lumbar spine bone min-
eral density.

3.2.4 Blood lipid examination index

Triglycerides were positively correlated with alkaline phos-
phatase (p<0.05) and negatively correlated with vitamin D
(»<0.05) and osteocalcin (p<0.05). Total cholesterol was neg-
atively correlated with vitamin D (p<0.05).

Studies on the relationship between blood lipid indexes and
bone metabolism indexes are contradictory. Clinical studies
indicated that the BMD of lumbar vertebrae was negatively
correlated with HDLC in different sexes?, and vitamin D
was inversely associated with the risk of obesity and metabol-
ic syndrome™™. Similarly, an in vitro study indicated that lipo-
protein oxidation products can inhibit the differentiation of
bone marrow stem cells into osteoblasts and promote their
differentiation into osteoclasts*’. However, Go et al.”” repor-
ted that lumbar spine BMD was not associated with total cho-
lesterol, low-density lipoprotein cholesterol (LDLC), or high-
density lipoprotein cholesterol (HDLC) in postmenopausal
women. In the present study, we found that both triglycerides
and cholesterol are negatively associated with vitamin D,
which prevents bone resorption and bone loss. OCN is an in-
dicator of osteoblasts and is negatively related to blood lipids.
The results suggest that increased blood lipids will increase
the risk of osteoporosis in type 2 diabetes.

3.2.5 Indexes of blood pressure examination

Systolic blood pressure was positively correlated with al-
kaline phosphatase (p<0.05) and L1-4 (p<0.05) and negat-
ively correlated with P (p<0.05) and PINP (p<0.05). Diastol-
ic blood pressure was positively correlated with anterior 1/3
of radius (p<0.05).
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Thus far, the relationship between hypertension and bone
metabolism is not clear. He et al.” found that the bone miner-
al density in the trigone of patients with hypertension is
lower, suggesting that there is a correlation between hyperten-
sion and bone mineral density in the elderly. However, we
found that cardiovascular indexes such as blood lipids and
blood pressure were positively correlated with bone mineral
density, suggesting that attention should be given to bone
health while treating type 2 diabetes-induced cardiovascular
diseases.

3.3 Stepwise multiple linear regression

The final equation coefficient of stepwise multiple linear re-
gression is shown in Fig. 4. Generally, age and blood lipid in-
dexes are negatively correlated with bone factors, while
height and kidney function represent a positive correlation
with bone metabolism in diabetic patients. Other indicators,
i.e., Weight, BMI, routine examination of diabetes mellitus,
and blood pressure presented mixed effects on bone factors.
Interestingly, PTH, anterior 1/3 of radius and Ward’s triangle
bone showed clear sex differences, suggesting that bone
metabolism can be regulated by sex hormones in type 2 dia-
betes. Cai et al.”! found that the S-BGP level was signific-
antly negatively correlated with age, which indirectly proved
that age was negatively correlated with bone metabolism.
This is consistent with the results obtained in this paper. Al-
though previous studies have shown that blood lipid effects
on bone metabolism are contradictory, we again showed that
blood lipids were negatively correlated with bone formation
in type 2 diabetes. Uric acid, the end product of purine meta-
bolism, is excreted predominantly by the proximal tubules.
Our results showed that uric acid levels are positively correl-
ated with L1-4, which is significantly increased in diabetic
patients. This suggests that the risk of lumbar disc hyper-
plasia can be induced by the local accumulation of uric acid,
and further studies are needed to fully understand the variety
of bone metabolism in type 2 diabetes.

3.4 Validate index relationships

To further prove the relationship obtained by ¢ test analysis
between the bone metabolism indexes and other data, we
screened the bone metabolism indexes according to the reliab-
ility results of the 7 test and then re-established a multiple lin-
ear regression model using the new indexes obtained by
screening and compared it with the original models using all
the bone metabolism indexes. Cr and TC models after screen-
ing were also considered statistically significant at a signific-
ance level a of 0.05.

Because the number of independent variables of the model
has changed after screening and the corresponding paramet-
ers of the F distribution have also changed, we cannot dir-
ectly compare the explanatory degree of the model by com-
paring the F value; alternatively, we choose the p value ob-
tained by the F test to evaluate the credibility of the model.
After screening, except for the BMI model, the p values of
other models were generally lower than those before screen-
ing (Table 2), indicating that the credibility of the model was
further improved.

By analyzing the difference between the predicted scores of
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Fig. 4. Thermodynamic diagram of the final equation coefficient of stepwise multiple linear regression. Red represents a positive correlation, and blue
represents a negative correlation. The darker the color is, the larger the absolute value of the coefficient. *: p<0.05,**: p<0.01,***: p<0.001.

Table 2. p value of the linear regression model before and after

screening.
p value before screening p value after screening
Duration 1.84E-17 1.23E-20
Sex 2.66E-07 1.21E-08
Age 5.00E-13 3.25E-15
Height 2.59E-05 4.73E-09
Weight 1.25E-08 1.15E-10
BMI 1.16E-06 1.72E-06
FPG 0.001236 2.73E-06
FINS 0.010084 0.008761
HbAlc 0.025417 0.008435
Cr 0.068152 0.002536
UA 0.016424 0.002239
TG 0.004820 0.001371
TC 0.487058 0.033990
SBP 0.000247 6.51E-05
DBP 0.006726 0.000282
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bone metabolism indexes with a strong explanation and the
predicted scores of all bone metabolism indexes (as shown in
Fig. 5), we showed that the scores of most data improved,
which further proves the effectiveness of multiple linear re-
gression analysis.

3.5 Geographical limitations

While our study offers valuable insights into the relationship
between bone metabolism indexes and other associated
factors, it is important to note a significant limitation concern-
ing the source of our samples. All samples in our study ori-
ginated exclusively from Anhui Province, which may influ-
ence the generalizability of our findings. As a specific geo-
graphic region, Anhui Province might possess certain region-
al factors, such as dietary habits, lifestyles, and genetic pre-
dispositions, that could be linked with bone metabolism in-
dexes and might impact our research results.

We recognize that having a validation dataset from differ-
ent regions is crucial to corroborate our findings. However,
due to constraints such as resource availability and time, we
were unable to obtain and analyze such a dataset in this study.
In the future, we plan to expand our sample base to include
participants from other areas to ensure broader applicability
of our findings.
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Fig. 5. Differences in support vector regression model scores before and after screening.

4 Conclusions

In the present study, we used multiple models to predict the
relationship between bone metabolism and other indexes in
type 2 diabetes and found that the control of weight and BMI
in patients with type 2 diabetes mellitus is particularly import-
ant for the treatment of osteoporosis. Moreover, there is a
positive correlation between diabetes-related indicators and
uric acid levels and lumbar L1-4, indicating that there is not
only the risk of osteoporosis but also the phenomenon of
lumbar disc hyperplasia in the complications of type 2 dia-
betes mellitus. Despite these insights, it is essential to ac-
knowledge that our sample pool was limited to Anhui
Province, potentially impacting the broader applicability of
our findings. Therefore, in clinical practice, both the patholo-
gical characteristics of lumbar disc hyperplasia and osteo-
porosis and the potential influence of regional factors on bone
metabolism should be taken into account.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (31970950, 91957112).

Conflict of interest

The authors declare that they have no conflict of interest.
Biographies

Jiatong Hu received her master’s degree from the School of Informa-
tion Science and Technology, University of Science and Technology of
China, under the supervision of Prof. Ji Liu. Her research mainly focused
on the association study of bone metabolism in type 2 diabetes using ma-
chine learning techniques, as well as investigating the gender differences
in type 2 diabetes.

Wei Wang  received his Ph.D degree in Neurobiology from the Uni-
versity of Science and Technology of China (USTC). He is currently a
Chief Physician in the Department of Endocrinology, the First Affiliated
Hospital of USTC. His main research interests include diabetes and its
complications.

1205-8

JiLiu received his Ph.D degree in Neurobiology from the University
of Science and Technology of China (USTC) and his M.D. degree in En-
docrinology from the University of Amsterdam. He is currently a Pro-
fessor at USTC. His research interests include type 2 diabetes, the neural
mechanism of feeding and energy metabolism.

References

[1] Gregg E W, Li Y, Wang J, et al. Changes in diabetes-related
complications in the United States, 1990-2010. The New England
Journal of Medicine, 2014, 370 (16): 1514—1523.

[2] King P, Peacock I, Donnelly R. The UK prospective diabetes study
(UKPDS): clinical and therapeutic implications for type 2 diabetes.
British Journal of Clinical Pharmacology, 1999, 48 (5): 643-648.

[3] Sharma U, Pal D, Prasad R. Alkaline phosphatase: an overview.
Indian Journal of Clinical Biochemistry, 2014, 29 (3): 269-278.

[4] Sabarudin A, Sakti S P, Aulanni’am, et al. Recent advances in
nephropathy biomarker detections using paper-based analytical
devices. Analytical Sciences, 2022, 38 (1): 39-54.

[5] van Hoeven K H, Factor S M. The diabetic heart: clinical,
experimental and pathological features. Acta Cardiologica, 1991, 46
(3): 329-3309.

[6] Wang J, Shu Y Q. Research progress in the pathogenesis of type 2
diabetic osteoporosis. Clinical Journal of Traditional Chinese
Medicine, 2012, 24 (2): 183—184. (in Chinese)

[7] Sheu A, Greenfield J R, White C P, et al. Assessment and treatment
of osteoporosis and fractures in type 2 diabetes. Trends in
Endocrinology & Metabolism, 2022, 33 (5): 333-344.

[8] Cai G Y, Ge X L, Wei L, et al. Observation of level of bone gla
protein in serum. Chinese Journal of Osteoporosis, 1999, 5 (2):
29-32.(in Chinese)

[9] Takashi Y, Kawanami D. The role of bone-derived hormones in
glucose metabolism, diabetic kidney disease, and cardiovascular
disorders. International Journal of Molecular Sciences, 2022, 23 (4):
2376.

[10] Krege J H, Lane N E, Harris J M, et al. PINP as a biological
response marker during teriparatide treatment for osteoporosis.
Osteoporosis International, 2014, 25 (9): 2159-2171.

[11] Delmas P D. Biochemical markers of bone turnover in Paget’s
disease of bone. Journal of Bone and Mineral Research, 1999, 14:
66-69.

[12] Mei C L, Wang N. Modern Regression Analysis Method (Chinese
Edition). Beijing: Science Press, 2012.

[13] Wang J, Wang F, Liu Y, et al. Multiple linear regression and

DOI: 10.52396/JUSTC-2023-0089
JUSTC, 2023, 53(12): 1205


https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1046/j.1365-2125.1999.00092.x
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.2116/analsci.21SAR10
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.16448/j.cjtcm.2012.02.037
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.1016/j.tem.2022.02.006
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.3390/ijms23042376
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1007/s00198-014-2646-0
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1002/jbmr.5650140213
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089

Z*;lsrg‘

Hu et al.

artificial neural network to predict blood glucose in overweight
patients. Experimental and Clinical Endocrinology & Diabetes,
2016, 724 (1): 34-38.

[14] Garcia-Martin A, Reyes-Garcia R, Garcia-Castro J M, et al. Role of
serum FSH measurement on bone resorption in postmenopausal
women. Endocrine, 2012, 41: 302-308.

[15] Cabrera C D, Henriquez M S, Traba M L, et al. Biochemical markers
of bone formation in the study of postmenopausal osteoporosis.
Osteoporosis International, 1998, 8 (2): 147-151.

[16] Shan P F, Wu X P, Zhang H, et al. Bone mineral density and its
relationship with body mass index in postmenopausal women with
type 2 diabetes mellitus in mainland China. Journal of Bone and
Mineral Metabolism, 2009, 27 (2): 190-197.

[17]Im J A, Yu B P, Jeon J Y, et al. Relationship between osteocalcin
and glucose metabolism in postmenopausal women. Clinica Chimica
Acta, 2008, 396 (1/2): 66—69.

[18] Wei J, Karsenty G. An overview of the metabolic functions of
osteocalcin. Current Osteoporosis Reports, 2015, 13 (3): 180—185.

[19] Rossini M, Gatti D, Zamberlan N, et al. Long-term effects of a
treatment course with oral alendronate of postmenopausal
osteoporosis. Journal of Bone and Mineral Research, 1994, 9 (11):
1833-1837.

[20] Conte C, Epstein S, Napoli N. Insulin resistance and bone: a
biological partnership. Acta Diabetologica, 2018, 55 (4): 305-314.

[21] Masaki H, Miki T. Bone and calcium metabolism in elderly women.
Clinical Calcium, 2011, 21 (9): 1361-1367.

[22] Keizman D, Ish-Shalom M, Berliner S, et al. Low uric acid levels in

1205-9

serum of patients with ALS: further evidence for oxidative stress?
Journal of the Neurological Sciences, 2009, 285 (1/2): 95-99.

[23] Ahn S H, Lee S H, Kim B J, et al. Higher serum uric acid is
associated with higher bone mass, lower bone turnover, and lower
prevalence of vertebral fracture in healthy postmenopausal women.
Osteoporosis International, 2013, 24 (12): 2961-2970.

[24] Cui R, Zhou L, Li Z, et al. Assessment risk of osteoporosis in
Chinese people: relationship among body mass index, serum lipid
profiles, blood glucose, and bone mineral density. Clinical
Interventions in Aging, 2016, 11: 887-895.

[25] Ha J, Jo K, Lim D J, et al. Parathyroid hormone and vitamin D are
associated with the risk of metabolic obesity in a middle-aged and
older Korean population with preserved renal function: A cross-
sectional study. PLoS ONE, 2017, 12 (4): e0175132.

[26] Tintut Y, Parhami F, Tsingotjidou A, et al. 8-Isoprostaglandin E2
enhances receptor-activated NFxB ligand (RANKL)-dependent
osteoclastic potential of marrow hematopoietic precursors via the
cAMP pathway. The Journal of Biological Chemistry, 2002, 277
(16): 14221-14226.

[27] Go J H, Song Y M, Park J H, et al. Association between serum
cholesterol level and bone mineral density at lumbar spine and femur
neck in postmenopausal Korean women. Korean Journal of Family
Medicine, 2012, 33 (3): 166—-173.

[28] He L, Huang L. Correlation between hypertension and primary
osteoporosis. Modern Chinese Clinical Medicine, 2008, 15 (2): 1-3.
(in Chinese)

DOI: 10.52396/JUSTC-2023-0089
JUSTC, 2023, 53(12): 1205


https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1055/s-0035-1565175
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/s12020-011-9541-7
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/BF02672511
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1007/s00774-008-0023-9
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1016/j.cca.2008.07.001
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1007/s11914-015-0267-y
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1002/jbmr.5650091121
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1007/s00592-018-1101-7
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1016/j.jns.2009.06.002
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.1007/s00198-013-2377-7
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.2147/CIA.S103845
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1371/journal.pone.0175132
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.1074/jbc.M111551200
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.4082/kjfm.2012.33.3.166
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089
https://doi.org/10.52396/JUSTC-2023-0089

	1 Introduction
	2 Subjects and methods
	2.1 Subjects
	2.2 Multiple linear regression
	2.3 Statistics
	2.4 Stepwise multiple linear regression
	2.5 Support vector regression

	3 Results and discussion
	3.1 Statistical significance analysis
	3.2 Relationship between bone metabolism indexes and other examination indexes
	3.2.1 General physical examination indexes
	3.2.2 Routine examination indexes of diabetes mellitus
	3.2.3 Renal function tests
	3.2.4 Blood lipid examination index
	3.2.5 Indexes of blood pressure examination

	3.3 Stepwise multiple linear regression
	3.4 Validate index relationships
	3.5 Geographical limitations

	4 Conclusions
	Acknowledgements
	Conflict of interest
	References

