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ABSTRACT This paper compared the changes of bone metabolic markers (BTM) in patients with Type 2 Diabetes
Mellitus (T2DM) with or without diabetic kidney disease (DKD). 204 T2DM patients were divided into 4 groups, such
that group 1 had no albuminuria, group 2 had microalbuminuria, group 3 with macroalbuminuria, and group 4 with
DKD according to urine albumin and albumin to creatinine ratio (ACR) and levels of serum creatinine (SCR). The
ACR, SCR, uric acid (UA), osteocalcin (OC), procollagen type I N-terminal propeptide (PINP), C-terminal telopeptide
of type I collagen (CTX) and bone mineral density of the lumbar vertebrae 1-4 (BMDLV) in DKD were considerably
higher than those who were non-DKD (P<0.05). When there is no DKD in diabetes, ACR detection is the most
sensitive and specific. When it comes to DKD, the SCR is the most sensitive, and PINP specificity is greater than

CTX, but the sensitivity is lower. DKD is a major contributor to osteoporosis risk.

INTRODUCTION

Type 2 diabetes mellitus (T2MD) patients’ glu-
cose and lipid metabolism are involved in the de-
velopment of diabetic osteoporosis. It can cause
many complications, including cardiovascular dis-
ease, kidney disease, neurological disease, retinal
disease, and changes in osteocytes metabolism,
affecting bone mineralisation (Rékel et al. 2008). It
has been reported that the bone mineral density of
diabetic patients has not changed or increased,
but patients with type 1 (TIDM) and type 2 (T2DM)
have a higher risk of fracture than normal people
(Rékel etal. 2008). In a clinical study, the probabil-
ity of fractures occurring after 10 years of T2DM
was 30.6 percent, which was drastically higher than
that of non-diabetic patients (Rathmann and Ko-
stev 2015). After 2 months of high-fat or high-fat
and high-sugar diet, the mice gained weight and
developed insulin resistance, oxidative stress, and
metabolic disorders. High-fat, high-sugar-fed mice
developed high glucose and sustained high insu-
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lin after 6 months, and fatty lesions and endothe-
lial dysfunction occurred after 8 months (Lozano
etal. 2016). In the long-term, high insulin and hy-
perglycaemia conditions, it inhibits osteoblasts,
activates osteoclasts, causes bone mineral densi-
ty (BMD) to decrease, and the probability of fracture
increases (Jakab et al. 2021).

Common mechanisms for increased risk of
T1DM and T2DM fractures include accumulation
of advanced glycation end products (AGEs)
caused by intracellular hyperglycaemia, chronic
hyperglycaemia, hypercalciuria with poor glycae-
mic control, and AGEs, which are permanently de-
posited sugar oxidation products (Valderrabano
and Linares 2018).

Among patients with T2DM, 20.5 percent have
kidney disease. diabetic kidney disease (DKD) is
one of the most serious microvascular consequenc-
es associated with diabetes. The early manifesta-
tion is a slight increase in urinary albumin, which
gradually progresses to a large increase in albu-
minuria and serum creatinine (SCR) levels. In dia-
betic patients with kidney disease, renal dysfunc-
tion leads to impaired activation of vitamin D in the
kidneys and decreased 1, 25 dihydroxy vitamin D
(VD3). VD3 deficiency not only accelerates bone
turnover, increases bone loss, reduces bone den-
sity, and affects bone mass (Busse et al. 2013), but
also reduces muscle mass and muscle function
and increases the risk of falls, indicating that VD3
deficiency increases the risk of osteoporotic frac-
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tures through double adverse effects on bones
and muscles (Jarvinen et al. 2008; Ebeling 2014).

Bone turnover markers (BTMs), which include
VD3, osteocalcin (OC), procollagen type I N-termi-
nal propeptide (PINP) and C-terminal telopeptide
of type I collagen (CTX), are indicators that repre-
sent bone metabolism. BTMs are bone turnover
dynamics markers that have been connected to
osteoporosis and fracture. A meta-analysis discov-
ered that diabetics have lower levels of indicators
for both bone formation and bone resorption,
demonstrating that diabetes mellitus is a state of
impaired bone metabolism (Hygum et al. 2017).

In T2DM patients, the serum bone formation
markers OC and PINP are decreased, the bone re-
sorption marker CTX is shown by some authors to
be reduced but other revealed no difference (Rubin
2015).

The insulin therapy has little effect on above
BTMs, metformin treatment lowers BTMs, and
better glycemic control may influence bone resorp-
tion activity, glycosylated haemoglobin (HbAlc)
is negatively correlated with CTX, but not with
PINP (Stage et al. 2018). Although T2DM patients
are correlated with total, hip, upper arm and ankle
fractures (Wang et al. 2019), both increased and
decreased levels of BMD have high fracture risk
and the altered BMD alone may not properly ac-
count for the increased fracture risk (Miao et al.
2005).

Objective of the Study

This paper compared the changes in biological
indicators and BTMs in patients with T2DM/DKD
and evaluated their clinical application significance in
order to establish reference intervals for the biological
indicators and BTMs in T2DM patients.

MATERIAL AND METHODS

Two hundreds and four T2DM patients who
were hospitalised from May 2015 to March 2018
were enrolled in this study. The inclusion criteria
were that all patients meet the diagnostic criteria
for T2DM s that is, HbAlc < 6.5 percent, or fasting
plasma glucose (FPG) < 126 mg/dl (7.0 mmol/l.)
The exclusion criteria were the presence of liver
disease, hyperthyroidism and other endocrine and
metabolic diseases, other diseases affecting calci-
um and phosphorus metabolism such as tumour
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bone metastases, serious systemic diseases, long-
term use of hormones or oestrogen, and other drugs
that affect bone metabolism.

The subjects were divided into four groups
according to ACR and SCR (Diabetes Care 2008),
namely, group 1 as the no albuminuria group (the
control group) with ACR <30 mg/g (n=77, male 38,
female 39, mean age 60.64+11.09 years), group 2 as
the microalbuminuria group with ACR 30-300 mg/g
(n=36, male 11, female 25, mean age 65.36+ 10.31
years), group 3 as the macroalbuminuria group with
ACR > 300 mg/g, SCR <97 imol/l (n=5, male 24,
female 21, mean age 61.56+9.69 years), and group
4, DKD group with ACR > 300 mg/g, SCR < 177
imol/l (n=46, male 29, female 17, mean age
64.44+10.03 years). On the second morning after
fasting for 8-10 hours, the patients’ venous blood
was taken and various biochemical indicators were
detected by Aptio Automation System (Siemens
Healthcare Diagnostics and Bio-Rad Variant II
HbA1C analyser (Bio-Rad, USA)) including FPG,
serum levels of HbA 1¢, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), albumin, triglyceride (TG), total
cholesterol (TC), calcium, phosphorus, SCR, uric
acid (UA) and ACR. The BTMs were detected by
electrochemiluminescence detection method (au-
tomated Cobas e601 analyser. Roche), including
VD3. The total osteocalcin (OC, ab270202, Abcam,
Cam, UK USA), PINP (ab210966, Abcam, Cam, UK)
and CTX (LS-F21708, LSBio, WA, USA) levels were
assayed by enzyme-linked immunosorbent assay
(ELISA). Dual X-ray absorptiometry (DXA, Nor-
land XR-800, Norland Cooper Surgical, Trumbull,
Connecticut) was used to quantify (in grams) the
BMD of'the lumbar vertebrae 1-4 (BMDLYV), femo-
ral neck (BMDFN), Wards triangle (BMDWT) and
femoral greater trochanter (BMDT). The above
parameters as well as the sex, age, duration of dia-
betes, blood pressure and body mass index (BMI)
were compared in the 4 groups. The study was
approved by the First Affiliated Hospital of the
University of Science and Technology of China,
Anhui Provincial Hospital. Each subject provided
written informed permission.

Statistical Analysis
Statistical analysis using SPSS 17.0 was per-

formed for each biomarker. The results were pre-
sented as mean + standard deviation (SD). The
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homogeneity of variance was assessed by one- S
way ANOVA followed by Bonferroni test. The Chi- =3 e
square test was used for testing relationships be- I =
tween categorical variables. The Pearson test was Q - o oo
used for the independent data to reveal the rela- 2 —9o—aSS
tionships among the factors tested. Receiver oper- a |7 ceess=s
ating characteristic curve (ROC) analysis was per-
formed on the mean of systolic blood pressure ° veme
(SBP), HbAlc, SCR, UA,ACR, VD3, OC, PINP, L™ o AN
CTX and BMDLYV for their sensitivity and speci- o am e
ficity. P<0.05 was considered to be statistically o
significant. o 2
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calcium and phosphorus (P>0.05, Tables 1 and 2), but ? © " I 22822
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icantly higher (all P<0.01, Table 3). VD3 (ng/ml) was 2 s~ Q2T
substantially lower in group 4 than in groups 1, 2 - © =
and 3 (7.44+5.36 versus 14.95+8.06, 12.77+5.68, 2
12.43+7.39) (P<0.01, Table 3). sy .
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The receiver operating characteristic (ROC) @ < 2% %%f fééé ° % g9
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1.00] test was most sensitive and specific in pa-
tients with T2DM without albuminuria (Fig. 1).
Group 4 showed that SCR (cut-off 113 umol/l,
AUC=1.00), ACR (cut-off 526 pg/mg, AUC=0.93)
and OC (cut-off 20.8 ng/ml, AUC=0.78) were slight-
ly better than PINP (cut-off 53.3 ng/ml, AUC=0.77)
and CTX (cut-off 749 ng/ml, AUC=0.76), but OC
was less sensitive (0.80) than CTX (0.91) (0.91)
(Fig.2). VD3 levels (cut-off 5.01 ng/ml, AUC=0.76)
were a sensitive indicator (sensitivity=0.91), but
specificity (0.51) was lower than other indicators
(Table 4).

Comparison of Bone Mineral Density Results

There were no significant changes in BDMFN
(g/em?), that is, 0.86+0.17 in group 1, 0.83+0.18 in
group 2,0.900.19 in group 3 and 0.87+0.14 in group
4,in BDMWT (g/cm?), that is, 0.75+0.22 in group 1,

YUIIE WU

0.72+0.23 in group 2, 0.75+0.24 in group 3 and
0.7240.19 in group 4, and in BDMT (g/cm?), that is,
0.7740.17 in group 1,0.72+0.15 in group 2, 0.77+0.17
in group 3 and 0.76+0.13 in group 4, but BDMLV
(1.1340.18 g/em?) in group 4 was significantly higher
than those of group 1 (0.99+0.18 g/cm?) and group
2(1.03+0.18 g/cm?) (P<0.05, Table 5). BMDLYV (cut-
off 1.01 g/cm?) was not a sensitive index (sensitiv-
ity=0.54, specificity=0.81) in reflecting the levels of
BTMs in DKD patients (Tables 4 and 5).

In general, ALP was not statistically different
among the 4 groups. However, the parameters of
SCR (213.57+97.56 umol/l), UA (424.79+102.14 pmol/
1), ACR (3216.72+2444.50 ng/mg), OC (32.32+
18.38ng/ml), PINP (103.16+106.15 ng/ml), CTX(
763.50399.97 ng/ml) and BMDLV (1.13+0.18 g/eny?)
in group 4 were considerably higher than those of
non-DKD (P<0.05, Tables 3 to 5).
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Fig. 1. Receiver operating characteristic curve plots of systolic blood pressure (SBP) and urine albumin and
albumin to creatinine ratio (ACR) for patients with and without albuminuria
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Fig. 2. Receiver operating characteristic curve plots of creatinine (SCR), urine albumin and albumin to creatinine
ratio ACR, osteocalcin (OC), procollagen type I N-terminal propeptide (PINP) and C-terminal telopeptide of type
1 collagen (CTX) for patients with and without Diabetic Kidney disease

Pearson Correlation Analysis of Biological
Indicators

Correlation analysis (Table 6) showed that the
concentration of OC was significantly positive
correlated with ACR of group 2 (r=0.56, P<0.01),
PINP of groups 2, 3 and 4 (r=0.56, 0.73 and 0.57,
respectively, all P<0.01), and CTX of groups 2, 3
and4 (=0.83,0.72 and 0.76, respectively, all P<0.01).
Thatof VD3 was negatively correlated with ACR [-0.50
(P<0.01)] in group 4. The evaluation of the 5 major
indices, including SCR, ACR, OC, PINPand CTX make
contributions to the prevention of osteoporosis at the
stage of DKD (Table 6).

No significant correlation was observed for
each pair of SCR, UA, ACR, VD3, OC, PINP and
CTX in group 1. In groups 2, 3 and 4, OC was
positively correlated with CTX, with correlation
coefficients 0f0.83,0.72 and 0.76 (p<0.01), respec-
tively, and OC was positively correlated with PINP
with correlation coefficients of 0.56, 0.73, 0.57
(p<0.01), respectively, but the positive correlation
between OC and ACR was only observed in group
2 witha correlation coefficient of 0.56 (p<0.01). Once
the patient has macroalbuminuria or DKD, this
correlation between OC and ACR no longer exist-
ed (Table 6). In group 3, a significant correlation

Int J Hum Genet, 22(2): 66-77 (2022)

was found between PINP and CTX with correla-
tion coefficients of 0.66 (P<0.01). In group 4, signif-
icant correlations were found between SCR and
BTMs with correlation coefficients of 0.61 (P<0.01)
for OC, 0.56 for PINP (P<0.01), and 0.48 for CTX
(p<0.05) (Table 6).

DISCUSSION

According to a recent study, in diabetes, BTMs
correlate with the urine albumin to creatinine ratio,
which is an indicator of early-stage nephropathy. The
urine ACR was adversely linked with BMD atevery
place tested (femoral neck, trochanter, inner hip,
Ward’s triangle, total hip,and lumbar vertebrae). Urine
ACR was positively linked with osteocalcin, CTX
and PINP. VD3 was found to be inversely associated
to urine ACR. A multiple regression research that ac-
counted for age, BMI, disease duration, and other
clinical parameters found no significant relationship
between ACR and BMD levels or CTX. BMD chang-
es and bone transformation acceleration can occur in
the early stages of diabetic nephropathy, and bone
transformation acceleration can occur before BMD
alterations. As a result, monitoring bone metabolism
indicators in T2DM patients in the early stages is
crucial (Zhao etal. 2019).
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Table 6: Pearson correlation analysis data

SCR UA ACR VD3 Osteocalcin ~ PINP CTX

Group 1

SCR 1.00

UA 0.41 1.00

ACR -0.24 -0.08 1.00

VD3 0.01 -0.20 -0.19 1.00

Osteocalcin -0.11 -0.10 0.17 -0.03 1.00

PINP 0.10 0.09 -0.11 -0.03 0.08 1.00

CTX 0.06 -0.19 -0.05 -0.02 0.25 0.03 1.00
Group 2

SCR 1.00

UA 0.39 1.00

ACR 0.01 0.00 1.00

VD3 0.27 -0.08 0.13 1.00

Osteocalcin 0.03 0.07 0.56"" 0.41 1.00

PINP 0.06 0.20 0.28 0.13 0.56"" 1.00

CTX -0.15 0.09 0.48 0.20 0.83"" 0.39 1.00
Group 3

SCR 1.00

UA 0.23 1.00

ACR 0.36 0.08 1.00

VD3 -0.08 0.12 -0.42 1.00

Osteocalcin 0.26 0.04 -0.13 -0.01 1.00

PINP 0.13 0.02 0.07 -0.07 0.73"" 1.00

CTX -0.02 0.05 0.00 -0.10 0.72"" 0.66"" 1.00
Group 4

SCR 1.00

UA 0.25 1.00

ACR 0.24 -0.31 1.00

VD3 -0.15 0.28 -0.50"" 1.00

Osteocalcin 0.61" 0.14 0.37 -0.04 1.00

PINP 0.56" -0.06 0.41 -0.24 0.57"" 1.00

CTX 0.48° -0.04 0.30 -0.03 0.76"" 0.43 1.00

SCR, serum creatinine; UA, uric acid; ACR, urine albumin and albumin to creatinine ratio; VD3, 1, 25 dihydroxy
vitamin D; PINP, procollagen type I N-terminal propeptide CTX, C-terminal telopeptide of type I collagen. *

Indicated P<0.05; “Indicated P<0.01.

The age, DBP, BMIL, FPG ALT, AST, ALP, albu-
min, TG, TC, calcium and phosphorus showed no
significant differences among the groups (P>0.05).
The gender, SBP, HbA 1¢ and duration of diabetes
were different among the groups (P<0.05, Tables 1
and 2), which was the shortest (9.05+6.63 years) in
group 1 and the longest (13.36+7.40 years) in DKD.
The levels of VD3 decreased in patients with DKD.
The serum level of SCR, UA, ACR, OC, PINP and
CTX in DKD was higher than that in groups 1, 2
and 3 (Table 3, P<0.05).

In this study, the serum OC and PINP of the
group 4 were higher than those of the groups 1-3,
suggesting that the renal injury of diabetic nephr-
opathy began to show an increase in osteoblast
activity and showed a high conversion type.

The content of OC, PNIP in the blood circula-
tion mainly reflects the bone turnover. The serum
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OC and PNIP of'the group 4 were higher than groups
1,2 and 3, suggesting that their activity osteoblasts
was increased and the formation of new bone was
increased.

In group 4, elevated serum CTX reflected an
increase in osteoclast activity and bone loss. How-
ever, the level of VD was significantly lower in
group 4 than in the other three groups, indicating a
decrease in VD3. A decrease in the level of VD3
resulted in a decrease in intestinal calcium absorp-
tion, and low blood calcium stimulated the secre-
tion of parathyroid hormone (PTH), which in turn
promoted bone resorption of osteoclasts, leading
to osteoporosis. However, the concentration of
serum calcium and phosphorus did not reflect the
dynamic changes of osteogenic and osteoclasts.

Some research have identified an inverse con-
nection between HbA 1¢c levels and blood VD3 lev-
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els (Kostoglou-Athanassiou et al. 2013), while oth-
ers have discovered that VD3 supplements improve
glucose management in T2DM patients (Kosto-
glou-Athanassiou et al. 2013; Mitri et al. 2011).
Physiologically, vitamin D appears to promote in-
sulin receptor expression. As a result, VD3 defi-
ciency may be linked to insulin resistance (Mathieu
et al. 2006). The effects of VD3 on osteoporosis
have been controversial. VD3 was not associated
with osteoporosis in multiple clinical analyses.
However, another study found that VD3 could in-
crease the levels of calcium and phosphorus in the
blood, while reducing the excessive secretion of
PTH (Lips and van Schoor 2011).

Diabetes was linked to total, hip, upper arm
and ankle fractures. Furthermore, T1DM patients
had a higher incidence of total, hip, and ankle frac-
tures than T2DM patients (Wang et al. 2019). This
study discovered that BMDLV was significantly
higher in DKD patients than in groups 1 and 2,
suggesting that it was a useful estimate of the bone
fragility of diabetic patients. Dennison et al. be-
lieve that T2DM patients with insulin resistance in
the body, a large amount of insulin through the
receptors on osteoblasts, is conducive to bone
formation and increased bone density. However,
due to lack of insulin, the bone absorption is great-
er than the formation, which eventually leads to a
decrease in bone density and osteoporosis (Dennison
etal. 2004; Yamamoto and Sugimoto 2016).

AGE:s are closely related to the pathogenesis
of this unique clinical outcome through physical
and biological effects on the deterioration of the
material properties of bone (Yamamoto and Sugimoto
2016).

Blood pressure (BP) control is important in pre-
venting stroke, cardiovascular disease, and albu-
minuria. Many studies have shown that BP con-
trol is reno-protective (Berlowitz et al. 2017). The
UK prospective diabetes study suggested that a
10-mmHg decrease in SBP reduced diabetic mi-
crovascular complications and DKD (Adler et al.
2000). SBP decreased 5.6 mmHg reduced the de-
velopment of microalbuminuria significantly (Patel
etal. 2007).

The researchers’ data also confirmed that mon-
itoring SBP was more sensitive and easier than
monitoring diastolic blood pressure (DBP) in indi-
viduals presenting albuminuria, but its specificity
decreased from 0.69 to 0.51 in patients with DKD.
Among patients with T2DM, the most sensitive
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indicator for distinguishing between albuminuria
free and albuminuria was serum ACR concentra-
tion [AUC=1.00, cut-off 28.6 (ug/mg)], followed by
SBP and SCR. With SBP>139 mmHg and SCR >90.5
pumol/l, most individuals developed albuminuria.
The most sensitive indicator for distinguishing be-
tween DKD-free and DKD ass SCR level
[AUC=1.00, cut-off 113 (umol/1)], followed by ACR,
UA, OC, PINP, CTX and VD and the cut-off values
were 526 ug/mg, 305 umol/l, 20.8 ng/ml, 53.3 ng/ml,
749 ng/ml and 5.01 ng/ml, respectively.

The most common metabolic bone condition
is osteoporosis, which is characterised by struc-
tural degeneration of bone structure and an in-
creased risk of fracture. Typically, bone material
strength and bone biomechanical quality in T2DM
patients was abnormal (Farr and Khosla 2016). An
increase in bone turnover leads to a deterioration
of the bone microstructure, which in addition to
low BMD leads to an increased risk of fracture
(Follet et al. 2004; Banse et al. 2002), but CTX,
which was not predictive (Chapurlat et al. 2000).

ALP is amembrane-bound tetrameric enzyme
found in the plasma membrane of osteoblasts,
showing an association with a bone remodelling
activity, particularly in Paget disease (Migliorini et
al. 2021). It has an important role in osteoid forma-
tion and mineralisation by enzymatic degradation
of the inhibitor of mineralisation, pyrophosphate
at an alkaline pH (Rader 2017) and ALP was the
first BTM to be used in clinical and research set-
tings. Several isomers of ALP have been identified
in liver, intestine, placenta and bone (Shetty et al.
2016).

OC is a 49-amino-acid calcium-binding pep-
tide released by mature osteoblasts; indeed, OC
concentrations coincide with direct assessments
of bone growth by histomorphometry (Oury et al.
2011; Ferron et al. 2010), but it is a beneficial
BTM in steroid-induced osteoporosis due to its
short half-life (Clemens and Karsenty 2001).

IOF advocated PINP as a reference bone for-
mation marker because of its low intra-individual
variability, smaller circadian variation, room tem-
perature stability, and acceptable assay precision
(Vasikaran et al. 2011).

CTX comes in two forms: isomerized and non-
isomerized, and it is released during bone resorp-
tion. To limit this preanalytical variability, it is
advisable to collect the sample in the morning after
the overnight fast to diminish physiological cir-
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cumstances such as growing children and patho-
logical situations such as malignant bone illness-
es (Garnero etal. 1997; Garnero et al. 2008; Clowes
etal. 2002).

BMD measurement is the current gold stan-
dard test for diagnosing osteoporosis (Meeta et
al.2013), yet BMD levels exceeding the WHO def-
inition of osteoporosis are seen in around half of
women who sustain osteoporotic fractures (Nguyen
etal. 2007).

Individuals’ peak bone mass and rate of bone
loss are influenced by genetic, epigenetic, and en-
vironmental variables (Mitchell and Yerges-Arm-
strong 2011). Studies have shown ethnicity-based
variations in the distribution of BTMs and the need
for the establishment of ethnicity-specific refer-
ence ranges for each BTM for clinical use in differ-
ent populations, region-specific risk entities, low-
er dietary calcium intake and Vitamin D deficiency,
physical activity and drugs, and so on (de Papp et
al.2007; Ardawi et al. 2010; Szulc et al. 2013).

Overall, prospective studies examining the link
between bone formation markers and eventual frac-
ture risk have failed to demonstrate that anabolic
BTMs are useful for this purpose (Garnero et al.
1996). When a change in the level of a bone marker
is noticed in an individual patient, it must be eval-
uated in the context of the marker’s variability,
which includes fasting and food intake. Preanalyt-
ical and analytical variability, ethnic variances, and
the lack of an ethnicity-based reference interval
for each group are all major drawbacks of BTMs.

CONCLUSION

Serum ACR detection is the most sensitive and
specific when there is no DKD in diabetes. With
DKD, the SCR is the most sensitive, PINP specific-
ity is better than CTX, but the sensitivity is lower
than CTX. VD3 is a sensitivity (0.91) indicator, but
specificity is lower than SCR and ACR. DKD-OC
levels are not specific indicators of osteoporosis
and BMDs cannot reflect VD3 level changes. DKD
is an important risk factor for osteoporosis.

RECOMMENDATIONS

In order to prevent and treat diabetes with
osteoporosis, early control of hyperglycae-
mia should be actively recommended to prevent
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and treat complications, especially diabetic
nephropathy.

ABBREVIATIONS LISTS

T2MD: type 2 diabetes mellitus

BMD: bone mineral density

DKD: diabetic kidney disease

SCR: serum creatinine

VD3: 1, 25 dihydroxy vitamin D

OC: osteocalcin

PINP: procollagen type I N-terminal propeptide
CTX: C-terminal telopeptide of type I collagen
HbA 1c: Glycosylated haemoglobin

FPG: fasting plasma glucose

ACR: albumin to creatinine ratio

BMI: body mass index

ALT: alanine aminotransferase

AST: aspartate aminotransferase

ALP: alkaline phosphatase

TG: triglyceride

TC: total cholesterol

UA: uric acid

DXA: dual X-ray absorptiometry

BMDLV: BMD of the lumbar vertebrae 1-4
BMDEFN: femoral neck

BMDWT: Ward’s triangle

BMDT: femoral greater trochanter

ROC: receiver operating characteristic curve
AUC: areaunder ROC curve
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