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Objective: The present study explores the relationship between glycemic excursion and bone turnover markers.

Methods: A total of 250 patients with type 2 diabetes mellitus (T2DM) (142 female and 108 male patients) were enrolled in this
study. All participants underwent 72 hours of continuous glycemic monitoring to evaluate the mean amplitude of glycemic excursions
(MAGE) of each person. Bone turnover markers and other biochemical data were measured for each patient. Linear regression was
performed to explore the relationship between bone turnover markers and glycemic excursion. A value of P < 0.05 was considered
statistically significant.

Results: MAGE was negatively correlated to N-terminal propeptide of type 1 collagen (P1NP) female: [odds ratios (95% confidence
interval) (OR (95% CI)), —2.516 (—5.389, 0.356)]; male: [-2.895, (—6.521, —0.731)] and C-terminal telopeptide fragments of type-I
collagen (B-CTX) female [-0.025, (—0.036, 0.005)]; male [—0.043, (—0.082, 0.003)]. MAGE was still negatively correlated with -
CTX female [-0.036, (—0.198, —0.030)]; male [—0.048, (—=0.089, —0.007)] after adjusting for clinical data and biochemical indices.
Conclusion: An independent negative relationship between glycemic excursion and bone turnover markers in patients with T2DM
was identified in this study.

Keywords: bone turnover markers, continuous glucose monitoring, glycemic variability, mean amplitude of glycemic excursions, type 2
diabetes mellitus

Introduction

Type 2 diabetes mellitus (T2DM) has been proven to be a risk factor for osteoporosis despite some individuals having
a higher bone mineral density (BMD).'™ The leading external cause of fractures in patients with type 2 diabetes is the
increased likelihood of patients suffering a fall.” Hypoglycemia, increased nocturia, decreased vision (retinopathy or
cataracts), reduced balance function (neuropathy, foot ulcers, and amputation), orthostatic hypotension, and reduced
response are all related to falls and fractures in patients with diabetes. A 7-year prospective follow-up study of more than
90,000 patients with type 2 diabetes revealed that patients with type 2 diabetes had a 20% higher fracture risk than those
without diabetes, even after adjusting for factors such as falls and fracture history.® Decreased bone strength and impaired
bone quality are inherent factors associated with higher fracture risk in type 2 diabetes. In patients with type 2 diabetes,
cortical bone thickness and trabecular bone volume decreases, cortical bone porosity increases, and bone material
scientific parameters worsen.”® It has been proven in vitro that hyperglycemia can inhibit bone formation and
resorption.”'® In this current clinical work, the glycemic control levels were primarily assessed based on glycated
hemoglobin (HbAlc). Previous studies have demonstrated that poor glycemic control, as assessed by HbAlc, was
associated with lower concentrations of bone formation biomarkers.'" However, HbAlc can only be used to evaluate
long-term glycemic control and cannot reflect short-term blood glucose fluctuations. Previous studies have shown that the
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mean amplitude of glycemic excursions (MAGE) has also been confirmed as an independent risk factor for chronic
complications of diabetes, even in type 2 diabetes patients with the glycated standard.'*> A recent cross-sectional study
showed that glycemic excursions are negatively related with bone turnover markers in patients with short diabetes
duration and reasonable glucose control.'> However, the association between glycemic excursion and bone turnover
markers in other diabetic stages has not been examined.

The present study is designed to explore the relationship between the variability of glucose and bone turnover markers
among patients with T2DM. The hypothesis put forward in this study is that in patients with T2DM, bone turnover
markers are negatively associated with glycemic excursion.

Materials and Methods
Study Population

This study was carried out in accordance with the principles and ethical standards of the Declaration of Helsinki.'*

In this cross-sectional study, the medical records of patients with T2DM visiting the Department of Endocrinology
and Metabolism, Shanghai Punan Hospital of Pudong New District (Shanghai, P.R. China) from February 1 to July 30,
2021, were collected. T2DM was defined in accordance with the standards outlined by the American Diabetes
Association.'® The exclusion criteria included patients who had acute or chronic infections, end-stage renal disease,
past or current malignancies, pregnancy, were lactating, acute complications of diabetes, long-term bedridden status, and
those who were taking antiosteoporosis medications. Patients with incomplete data on bone metabolism and continuous
glucose monitoring (CGM) were also excluded.

Assessment
Relevant information about the patients such as age, sex, whether diabetes duration was longer than 5 years, menstrual
history, disease history, and current medications were recorded.

Overnight fasting venous blood samples were acquired. Fasting plasma glucose was tested using the glucose oxidase
method. The HbAlc test was conducted by high-performance liquid chromatography (HPLC). The plasma insulin was
tested using the immunoradiometric method. Total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL),
and low-density lipoprotein (LDL) were all measured using the enzyme-linked immunosorbent assay. Serum osteocalcin,
C-terminal telopeptide fragments of type-I collagen (B-CTX), and calcifediol were tested by radioimmunoassay. Serum
calcium and phosphorus, alanine transaminase, aspartate transaminase, and serum creatinine were determined using an
autoanalyzer (Modular DP analyzer, Roche, Swiss). The estimated glomerular filtration rate (¢GFR) was calculated to
evaluate renal function.'® The homeostatic model assessment of insulin resistance was calculated using the formula
%, with FPG and FPI representing the fasting plasma glucose and fasting plasma insulin levels, respectively.

All patients were equipped with a CGM sensor for at least 72 hours (iPro 2; Medtronic MiniMed). Patients were told
not to change their usual lifestyle during the monitoring period. The patients’ MAGE—the most typical glycemic
variability index—was recorded.'” The MAGE was defined as the average of the absolute values of all adjacent peak-
valley differences greater than one standard deviation (SD)."®

Statistical Analysis

Based on normal distribution, continuous data were represented by the mean + SD or median (quartile difference, inter-
quartile range). Categorical variables were represented by numbers (percentages). All analyses were performed using
SPSS 22.0 software (SPSS Inc., IBM). Scatter plots were performed by GraphPad Prism 7.0 software (San Diego, CA,
USA) to explore the relationship between glucose variability and bone turnover markers. Non normally distributed data
were transformed using natural logarithms until they conformed to a normal distribution. Comparisons between the two
groups were made with independent-sample ¢-tests for continuous variables and Chi-squared tests for categorical
variables. When establishing the linear regression model, the normal distribution hypothesis, the linear hypothesis of
the dependent variable and independent variable, the confidence hypothesis and the homovariance hypothesis were
tested. Linear regression was used to evaluate the associations among patient characteristics, glycemic control, and bone
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turnover markers. Multivariate regression included univariate linear regression and confounding factors of hypoglycemic
medication history with P < 0.1. In this study, P < 0.05 was considered statistically significant.

Results

A total of 396 patients were recruited for this observational study, and 146 were excluded (Figure 1). The demographics
and characteristics of the enrolled patients are shown in Table 1. Significant differences were found between male and
female patients in waist-hip ratio, smoking, HDL-C, and N-terminal propeptide of type 1 collagen (PINP), as shown in
Table 1. Male T2D patients generally had a larger waist-hip ratio, higher smoking ratio, lower HDL-C, and lower P1NP
than female patients. Age, body mass index (BMI), diabetes duration, physical activity, antidiabetic medication, and
glucose control were roughly the same between the sexes (Table 1).

Bone Turnover Markers and the Relationship with the Demographic Data and

Biochemical Markers

As shown in Table 2, in female patients, B-CTX was significantly correlated with age [odds ratios (95% confidence
interval), 0.005, (0.001, 0.010)], menstrual history [0.195, (0.011, 0.380)], TG [-0.049, (-0.097, —0.001)], and LDL-C
[-0.063, (-0.122, —0.003)], and was borderline associated with MAGE [-0.025, (—0.036, 0.005)] in univariate linear

396 T2D patients

\J

224 Females 172 Males
\J A
82 excluded 64 excluded
18 patients with end-stage kidney disease 17 patients with end-stage kidney disease
(nephropathy,nephritis,renanal faliure and so on) (nephropathy,nephritis,renanal faliure and so on)
8 patients with chronic bedridden condition 4 patients with chronic bedridden condition
5 patients complicated with malignant 9 patients complicated with malignant
3 patients with acute ot chronic infection and fever 11 patients with acute ot chronic infection and
8 patients combined with disease that effect bone fever
metabolism (theumatic arthritis, ankylosing spondylitis, 3 patients combined with disease that effect bone
hyperparathyroidism, hypoparathyroidism, metabolism (theumatic arthritis, ankylosing
hyperthyroidism, hypothyroidism, hypercortisolism and spondylitis, hyperparathyroidism,
SO on hypoparathyroidism, hyper thyroidism,
4 current diabetic ketoacidosis and hyperglycemic hypothyroidism, hypercortisolism and so cn
hyperosmotic state) 9 current diabetic ketoacadosis and hyperglycemic
15 patients taking drugs that influence bone hyperosmotic state)
matabolism such as biphosphonates, calcitonin, 3 patients taking drugs that influence bone
selective estrogen receptor modulators (SERMs), matabolism such as biphosphonates, calcitonin,
estrogens, glucocorticoid, teriparatide and selective estrogen receptor modulators (SERMs),
antineoplastic drugs estrogens, glucocorticoid, teriparatide and
19 patients with no data on bone turnover marker or antineoplastic drugs
72 hours CGM data 8 patients with no data on bone turnover marker
2 unkonwn menopausal status or 72 hours CGM data
\J \J
142 female T2D 108 male T2D
patients patients

Figure | Flow chart of the study. A total of 396 patients with type 2 diabetes mellitus (T2DM) were recruited. After applying the inclusion and exclusion criteria, 146
patients were excluded. Finally, 250 patients with T2DM (142 female and 108 male patients) were included in the analysis.
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Table | Patient Characteristics

Characteristics Female (n=142) Male (n=108) P value
Age (years) 68.8+10.97 66.62+11.29 0.205
Waist-hip ratio 0.91+0.065 0.94+0.064 0.011
Body mass index (kg/m?) 25.27+4.14 24.36%3.18 0.126
Diabetes duration 25 years 100 (70.10%) (31.08%) 0.868
Smoking

No smoking 118 (83.10%) 32 (23.63%) 0.021
Previous or current smoker 24 (16.90%) 96 (88.89%)

Physical activity

No 49 (34.51%) 37 (34.26%) 0.164
Yes 93 (65.49%) 71 (65.74%)

Antidiabetics

Metformin (44.33%) (41.89%)

Sulfonylurea (16.49%) (18.92%)

Non-sulfonylurea (6.18%) (5.40%)

TZDs (8.25%) (5.40%)

A-glycosidase inhibitors (9.27%) (17.57%) 0.843
DPP-4 (18.56%) (13.51%)

SGLT-2 (15.46%) (12.16%)

GLP-1 (2.06%) (1.35%)

Insulin (43.30%) (36.49%)

Glycemic markers

HbAlc (%) 9.42£2.29 9.79+£2.17 0.334
Plasma fasting glucose (mmol/L) 9.05+£2.40 9.73£3.13 0.117
Fasting insulin levels (pmol/L) 103 (63.30, 146.82) | 81.00 (58.00,111.60) 0.474
TC (mmol/L) 4.65+1.23 4.35%1.15 0.123
TG (mmol/L) 1.61£1.05 1.64%1.17 0.898
HDL-C (mmol/L) 1.24+0.33 1.07+0.24 <0.001
LDL-C (mmol/L) 2.52+0.85 2.44+0.83 0.569
eGFR (mL/min/1.73m?) 102.04£37.90 99.91+28.85 0.701
Vitamin D (mmol/L) 47.30£12.19 48.49+12.04 0.529
PTH (pmol/L) 3.7242.06 3.67%1.77 0.88l1
Calcium (mmol/L) 2.27+0.12 2.22+0.09 0.479
B-CTX (ng/mL) 0.45+0.24 0.40+0.28 0.216
PINP (ng/mL) 44.45+22.66 35.33+25.57 0.015
MAGE (mmol/L) 3.94%1.58 4.05+1.65 0.665

Abbreviations: TZDs, thiazolidinediones; DPP-4, dipeptidyl peptidase-4 inhibitor; SGLT-2, sodium-dependent
glucose transporter 2 inhibitor; GLP-1, glucagon-like peptide-| receptor agonist; HbAlc, glycosylated hemoglobin;
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; B-CTX, B-C-terminal cross-
linked telopeptide of type-I collagen; PINP, procollagen type | amino terminal propeptide; MAGE, mean amplitude
of glycemic excursions. The results are presented as the mean + SD or number (percentage).

regression. PINP was significantly correlated with age [0.468, (0.058, 0.877)], BMI [1.215, (0.100, 2.330)], menstrual
history [18.384, (0.726, 36.042)], HbAlc [-2.759, (—4.932, —0.586)], and LDL-C [-6.443, (—12.181, —0.705)], and was
borderline associated with TC [—3.798, (—7.788, 0.793)], eGFR [-0.112, (=0.237, 0.014)], and MAGE [-2.516, (—5.389,
0.356)] in univariate linear regression.

However, among male patients, B-CTX only showed a significant correlation with MAGE [—0.043, (—0.082, 0.003)] and was
marginally correlated with eGFR [-0.002, (—0.005, 0.000)] in univariate linear regression. P1NP was marginally associated with
HbAlc[-2.318,(—4.999, 0.364)], LDL-C [-7.109, (—14.624, 0.405)], and MAGE [-2.895, (—6.521,—0.731)] in univariate linear
regression (Table 2). Figure 2 displays the association between CTX and PINP with MAGE in men and women.
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Table 2 Univariable Regression Analysis of the Correlation Between Bone Markers and Demographic/Biochemical Datas

Female Male
B-CTX PINP B-CTX PINP
B Coefficient (95% CI) P B Coefficient (95% CI) P B Coefficient (95% CI) P B Coefficient (95% CI) P

Age (years) 0.005 (0.001,0.010) 0.015 0.468 (0.058,0.877) 0.026 —0.003 (—0.009,0.003) 0.359 —0.143 (—0.690,0.404) 0.604
Waist-hip ratio 0.276 (—0.476,1.028) 0.468 47.730 (—24.352,119.811) | 0.192 —0.649 (—1.705,0.407) 0.224 —78.213 (—172.780,16.355) | 0.104
Body mass index (kg/m?) 0.005 (—0.007,0.017) 0.396 1.215 (0.100,2.330) 0.033 —0.015 (—0.037,0.006) 0.151 —1.322 (-3.236,0.592) 0.173
Menopause or not 0.195 (0.011,0.380) 0.038 18.384 (0.726, 36.042) 0.041 - - - -

Diabetes duration 25 years —0.011 (—0.116,0.093) 0.829 4.030 (—5.966, 14.026) 0.426 —0.028 (-0.171,0.115) 0.696 6.271 (—6.580,19.122) 0.334
HbAIc (%) —0.011 (—0.034,0.013) 0.366 —2.759 (—4.932, —0.586) 0.013 0.013 (—0.007,0.034) 0.208 —2.318 (—4.999,0.364) 0.089
HOMA-IR —0.011 (—0.030,0.002) 0.168 —0.113 (—0.256, 0.031) 0.122 —0.001 (—0.003,0.001) 0.306 —0.078 (—0.261,0.105) 0.396
TC (mmol/L) —0.027 (—0.069,0.014) 0.197 —3.798 (-7.788, 0.193) 0.062 —0.027 (—0.089,0.035) 0.390 —4.249 (—9.639,1.196) 0.124
TG (mmol/L) —0.049 (—0.097, —0.001) 0.047 —3.225 (-7.931,1.480) 0.177 —0.020 (—0.080,0.041) 0.517 —3.590 (-8.914,1.734) 0.183
HDL-C (mmol/L) 0.110 (—0.044,0.264) 0.160 —0.085 (—15.142,14.972) | 0.991 —0.077 (-0.377,0.223) 0.610 12.416 (—14.213,39.044) 0.355
LDL-C (mmol/L) —0.063 (—0.122, —0.003) 0.039 —6.443 (—12.181, —0.705) | 0.028 —0.048 (—0.133,0.038) 0.269 —7.109 (—14.624,0.405) 0.063
eGFR (mL/min/1.73m?) —0.001 (—0.003, 0.000) 0.064 —0.112 (—-0.237,0.014) 0.080 —0.002 (—0.005,0.000) 0.055 —0.081 (-0.301,0.139) 0.466
Vitamin D (mmol/L) —0.003 (—0.007, 0.001) 0.133 —0.299 (—0.673,0.074) 0.115 —0.002 (—0.008,0.003) 0.378 0.010 (—0.492,0.512) 0.969
Calcium (mmol/L) —0.020 (—0.298, 0.258) 0.886 1.124 (—2.136, 5.143) 0.679 0.098 (—0.149,0.204) 0.529 0.149 (—0.894,0.593) 0.614
MAGE (mmol/L) —0.025 (—0.036, 0.005) 0.073 —2.516 (—5.389,0.356) 0.085 —0.043 (—0.082,0.003) 0.034 —2.895 (-6.521, —0.731) 0.096

Abbreviations: HbAlc, glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; PTH,
parathyroid hormone; B-CTX, B-C-terminal cross-linked telopeptide of type-I collagen; PINP, procollagen type | amino terminal propeptide; MAGE, mean amplitude of glycemic excursions. The results are presented as the mean (95% ClI).
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Figure 2 Scatterplot and regression line of C-terminal telopeptide fragments of type-l collagen (B-CTX) and N-terminal propeptide of type | collagen (PINP) levels by the
mean amplitude of glycemic excursions (MAGE). (A) The B-CTX by MAGE in female patients with T2DM, (B) PINP by MAGE in female patients with T2DM, (C) B-CTX by
MAGE in male patients with T2DM, and (D) PINP by MAGE in male patients with T2DM.

Multivariate Association Between Bone Markers and Glucose Variability

A multivariate association analysis was performed to eliminate the influence of confounding factors on the relationship
between glycemic excursion and bone turnover markers. The results of the multivariate association analysis are shown in
Table 3.

A significant association remained between MAGE and B-CTX [odds ratios (95% confidence interval), —0.036,
(—0.198, —0.030)] after adjusting for age, menstrual history, TC, LDL-C, and medication history for female patients with
diabetes. However, the correlation between MAGE and PINP [-2.864, (—6.516, 0.788)] was eliminated when age, BMI,
menstrual history, HbAlc, TC, LDL-C, eGFR, and medication history were included (Table 3).

The correlation between MAGE and bone markers among male patients was similar to that among female patients.
A significant association still existed between MAGE and B-CTX [odds ratios (95% confidence interval),—0.048,
(—0.089, —0.007)] after adjusting for eGFR. There was no significant relationship between MAGE and PINP [0.800,
(—3.801, 4.681)] after adjusting for HbAlc and LDL-C (Table 3).
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Table 3 Multivariable Regression Analysis of the Correlation Between Bone Markers and Glycemic Variability

Female Male
B-CTX PINP B-CTX PINP
B Coefficient (95% CI) P B Coefficient (95% CI) P B Coefficient (95% CI) P B Coefficient (95% CI) P
Age (years) 0.005 (0.001,0.010) 0.029 0.580 (—0.186,1.346) 0.135 - - - -
Body mass index (kg/m?) | - - 0.518 (—1.068,2.103) 0.517 - - - -
Menopause or not 0.062 (—0.216,0.340) 0.658 —5.109 (—35.440,25.222) 0.738 - - - -
HbAlc (%) - - —1.850 (—4.620,0.921) 0.187 - - —1.962 (—4.879,0.955) 0.183
TC (mmol/l) - - 1.267 (—9.894,12.427) 0.821 - - - -
TG (mmol/L) —0.033 (—0.089,0.023) 0.243 - - - - - -
LDL-C (mmol/L) —0.028 (—0.099,0.044) 0.447 —5.532 (—22.395,11.331) 0.515 - - —1.962 (—4.879,0.955) 0.183
eGFR (mL/min/1.73m?) - - 0.001 (—0.197,0.199) 0.993 —0.002 (—0.005,0.000) 0.036 - -
MAGE (mmol/L) —0.036 (—0.198, —0.030) 0.042 —2.864 (—6.516,0.788) 0.122 —0.048 (—0.089, —0.007) 0.022 0.800 (—3.801,4.681) 0.681

Abbreviations: HbA ¢, glycosylated hemoglobin; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; B-CTX, B-C-terminal cross-linked telopeptide of type-|

collagen; PINP, procollagen type | amino terminal propeptide; MAGE, mean amplitude of glycemic excursions. The results are presented as the mean (95% ClI).
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Discussion

The results of this study confirmed that bone turnover markers were negatively associated with glucose variability in
male and female patients with T2DM, irrespective of disease duration. To the best of this authors’ knowledge, this is the
first study to explore the relationship between glucose variability and bone metabolism among patients with T2DM who
had poor glucose control. B-CTX was significantly negatively correlated with glucose variability even when the effects of
medical history and metabolism were eliminated. This finding concurs with the conclusion of a recent study of well-
controlled glycemic level of patients whose diabetes duration was under 5 years."?

The MAGE can reflect a more detailed glucose profile than HbAlc. A recent study demonstrated that MAGE is an
independent predictive factor of osteoporosis in patients with T2DM.'? In the present study, MAGE was demonstrated to
be a vital influencing factor of bone turnover, as shown in Figure 2. Furthermore, B-CTX was found to be independently
negatively correlated with glycemic variability; however, with respect to PINP, the relationship was weakened after
adjustment. PINP has high specificity and sensitivity in predicting the occurrence of osteoporosis and evaluating and
monitoring its treatment, and is not affected by hormones.?® Regrettably, sex hormones were not included in the analysis
in this study, which may have caused the different results of B-CTX and PINP in the multivariate analysis.

The mechanism of association of MAGE with bone conversion remains unclear. The negative correlation between
bone turnover markers and glycemic variability may be due to the direct influence of hyperglycemia on osteoclasts and
osteoblasts.?'*? In patients with T2DM, the risk of fracture is increased despite an increased BMD.? The hypothesis put
forward in this study is that patients with T2DM have high bone mineralization and accumulate micro-fractures due to
low bone turnover, leading to clinical fractures.”* In patients with T2DM, blood glucose fluctuations may lead to low
bone metabolic activity and lower bone metabolic marker levels, causing bone hypermetabolism.

In addition, high glycemic variability may also adversely affect the clinical outcomes of patients with T2DM,
including atherosclerotic vascular disease.”* 2 Atherosclerotic vascular disease is associated with significant changes
in BMD and structure. Recent studies have shown that low BMD and osteoporosis are associated with cardiovascular
disease.”” In addition, increased glycemic variability is also associated with short-term weight loss in patients with
T2DM.?*° Fluctuations in glucose significantly impact the structure of the intestinal gut flora.>' An observational study
in England and Henan Province in China proved that gut microbiota is associated with bone mineral density, indicating
that gut microbiota potentially impacts bone metabolism.*** The gut microbiota may mediate the MAGE-induced bone
hypermetabolic state.

Interestingly, the levels of bone turnover markers were more strongly correlated with age, menstrual history, and
metabolic index in women with T2DM than in men. In female patients, age was significantly associated with PINP and B-
CTX. Estrogen levels in older women decline rapidly after menopause, while testosterone levels in older men decline more
slowly.>* It has been well established that sex hormones strongly influence bone metabolism. Several studies have confirmed
the effects of estrogen on osteoporosis. In vitro studies have confirmed that estrogen inhibits the apoptosis of bone cells,*
osteoclasts, and bone resorption.*® Androgen regulates bone metabolism by transforming into estrogen through aromatization
and inhibits osteoclast formation induced by the parathyroid hormone.*” In this study, the patients enrolled were mainly older
and experiencing changes in sex hormones, leading to different results in male and female patients.

It has been previously reported that patients with T2DM with higher HbAlc levels have lower bone turnover
markers.*** In this study, HbAlc was negatively correlated with PINP but not with p-CTX. Previous studies have

40 . . .
740 which is consistent

confirmed that patients with T2DM have suppressed bone turnover and reduced bone formation,
with the results of this study.

However, whether the reason for the relationship between bone turnover markers and MAGE is the glucose
variability itself or if there are other elements affecting glucose fluctuations such as medication history, could not be
confirmed in the current study. Many hypoglycemic drugs are available to treat T2DM such as insulin, metformin, and
sulfonylureas. Previous studies have demonstrated that different types of antidiabetic drugs may have a positive, neutral,
or negative impact on bone metabolism.*' No significant relationship between medical history and bone turnover markers

was found in this study. This may be due to the small sample size and uneven course of T2DM.
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There were several limitations of this study. The clinical parameters included in the study were affected by various
factors such as sex hormone and bone-derived alkaline phosphatase, and whether glucose variability directly impacts
bone metabolism needs further study. In addition, this was a cross-sectional study of a prominent phenomenon and could
not establish a causal relationship between glucose fluctuations and bone turnover markers. The causality and underlying
mechanisms between glucose excursion and bone turnover remain to be elucidated.

Conclusion
In conclusion, these results demonstrate a negative correlation between bone turnover markers and glucose variability in
patients with T2DM. However, more prospective studies are needed to confirm this.

Highlights

There is a negative association between glycemic variability and bone turnover markers in patients with T2DM.
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