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Purpose: To investigate the relationships between glycated hemoglobin (HbA1c) level and bone turnover markers (BTMs) in patients
with type 2 diabetes mellitus (T2DM) but no diabetic nephropathy.

Patients and Methods: Patients with T2DM were recruited at Hebei General Hospital in China. The participants were allocated to
three groups: an HbAlc <7% group, an HbAlc 7%—9% group, and an HbAlc >9% group. Their general characteristics, biochemical
indices, and BTM concentrations were recorded.

Results: The ages of the HbAlc <7% group and the HbAlc 7%—9% group were significantly higher than that of the HbAlc >9%
group (P<0.05). The prevalence of a history of hypertension in the HbAlc 7%—9% group was significantly higher than that in the
HbA1lc >9% group. The circulating low-density lipoprotein-cholesterol concentration in the HbAlc >9% group and the apolipoprotein
B concentration in the HbAlc 7%-9% group were significantly higher than those in the HbAlc <7% group (P<0.05). Compared with
that in the HbA 1c <7% group, the circulating 25-hydroxyvitamin D (250HD) concentration was significantly lower in the HbAlc >9%
group (P<0.05). Additionally, the circulating 25OHD and osteocalcin (OC) concentrations negatively correlated with HbA1c (P<0.05).
Conclusion: An increase in HbAlc is associated with gradual decreases in the circulating concentrations of 250HD and OC.
Keywords: type 2 diabetes, glycated hemoglobin, diabetic nephropathy, bone turnover markers

Introduction

Type 2 diabetes mellitus (T2DM) is now a highly prevalent disease and its macrovascular and microvascular complica-
tions are widely recognized. In addition, its impact on bone metabolism has recently been attracting attention.' Fracture
associated with diabetic osteoporosis (OP) is an important cause of disability and death.” Bone turnover biomarkers
(BTMs), including of bone formation and bone resorption, reflect changes in bone metabolism earlier than bone mineral
density, and are often used to evaluate the progression of OP.* In addition, kidney disease affects bone metabolism.
Several studies have reported relationship between BTMs and diabetes. Two previous meta-analyses showed that both
bone formation biomarkers [osteocalcin (OC), total collagen type I amino terminal extension of the peptide (PINP)] and
bone resorption biomarkers [B-collagen degradation products (B-CTX), parathyroid hormone (PTH)] were lower in
diabetes patients compared with control subjects.*> 25-hydroxyvitamin D (250HD), which is not only as a bone
formation biomarker but also a marker of vitamin D status, is closely related to insulin resistance and diabetes.
Vitamin deficiency can mediate insulin resistance by destroying pancreatic islet cells, up-regulating epigenetic modifica-
tions caused by DNA demethylase genes, and affecting insulin signaling pathways, thereby accelerating the progression
of diabetes.® Clinical studies have shown that vitamin D supplementation can significantly reduce total cholesterol (TC),
triglyceride (TG), glycated hemoglobin (HbAlc), and homeostasis model assessment-insulin resistance in patients with
T2DM.”®
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In the present study, we aimed to determine the relationships between the level of HbAlc and BTMs in patients with
T2DM, but no diabetic nephropathy, thereby excluding the effect of kidney disease.

Patients and Methods
Study Design and Subjects

We performed a cross-sectional study of eligible patients with T2DM who were hospitalized in the Endocrinology
Department of Hebei General Hospital between May and December 2019. According to their HbAlc level, the
participants were allocated to three groups: an HbAlc <7% group, an HbAlc 7%—9% group, and an HbAlc >9%
group. The study was registered in ClinicalTrials.gov (Registration Number: ChiCTR2000029391). All of eligible
patients signed informed consent forms and we promised we kept the participants’ information confidential. This
study protocol was approved by Hebei General Hospital Ethics Committee (ethical approval number: 2020-01) and
complied with Declaration of Helsinki.

Inclusion and Exclusion Criteria
Inclusion Criteria
(i) Adults (> 18 years).
(i1) Fulfilment of the T2DM diagnostic criteria of the World Health Organization, 1999.
(iii) Absence of diabetic nephropathy, on the basis of two negative 24-hour urine microalbumin (> 30 mg/24h) or
albumin/creatinine ratio (> 30 mg/g) measurements made after admission.
(iv) A complete set of data.

Exclusion Criteria

(i) An acute complication of diabetes mellitus, including ketoacidosis, hyperglycemic hyperosmolar status, and
hypoglycemia.

(i) Acute or severe cardiovascular or cerebrovascular disease, such as acute myocardial infarction, acute cerebral
infarction, or cerebral hemorrhage.

(ii1) Administration of vitamin D, a bisphosphonate, calcium, estrogen, or other drugs that affect bone metabolism
during the preceding 3 months.

(iv) Other types of kidney disease.

Data Collection
For eligible patients, the following data were collected.

(1) General characteristics: sex, age, smoking history, history of alcohol intake, family history of diabetes, presence of

gastrointestinal disease, and history of hypertension.

(i1) Biochemical data: circulating total protein, albumin, creatinine, urea nitrogen, TC, TG, low-density lipoprotein-
cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C), very low-density lipoprotein-cholesterol
(VLDL-C), apolipoprotein Al (ApoAl), and apolipoprotein B (ApoB) concentrations.

(iii)) BTM concentrations: 250HD, OC, PINP, 3-CTX, and PTH.

Statistical Analysis

SPSS 21.0 software (IBM Inc., Armonk, NY, USA) was used for statistical analysis. Continuous data are expressed
as mean + standard deviation (SD) if they were normally distributed and were analyzed using one-way ANOVA for
comparisons between groups. Non-normally distributed data are expressed as the median (25th percentile, 75th
percentile (P25, P75)) and a non-parametric test was used for comparisons between groups. For categorical data, the
chi-square test was used for comparisons between groups. Correlation analysis was used to explore the relationships
between HbAlc and BTM concentrations. P<0.05 was regarded as indicating statistical significance.
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Results

General Characteristics of the Participants

A total of 157 patients aged between 20 and 82 years were included. Male and female participants accounted for
65.6% and 34.4%, respectively. Their mean = SD HbAlc was 8.9%=*2.1%. The participants in the HbAlc <7%
and HbAlc 7%—9% group were older than those in the HbAlc >9% group (P<0.05). In addition, the prevalence of
a history of hypertension in the HbAlc 7%—9% group was significantly higher than that in the HbAlc >9% group
(P<0.05) (Table 1).

Comparisons of Biochemical Parameters Among the Groups

Compared with the HbAlc <7% group, the LDL-C concentration in the HbAlc >9% group and the ApoB
concentration in the HbAlc 7%-9% group were significantly higher (P<0.05). In addition, the total protein
concentration of the HbAlc 7%—9% group was higher than that of the HbAlc >9% group (P<0.05) (Table 2).

Table | Comparison of General Characteristics of Different HbAlc Groups

HbAIc Level P value
<7% 7-9% 29%

n 34 49 74

Sex (Male, %) 27 (79.4%) 28 (57.1%) 48 (65.6%) 0.108

Age (years) 55.97+9.62 58.94+9.61 51.27+10.94 <0.001

BMI (kg/m?) 24.8313.18 26.18+3.78 26.09+3.37 0.158

Family history of DM 13 (38.2%) 13 (26.5%) 31 (41.9%) 0.215

Hypertension history 13 (38.2%) 26 (53.1%) 22 (29.7%) 0.034

Gastrointestinal disease 5 (14.7%) 4 (8.2%) Il (14.9%) 0.522

Smoking history 14 (42.4%) 16 (32.7%) 27 (36.5%) 0.666

Alcohol history 11 (32.4%) 13 (26.5%) 21 (28.4%) 0.844

Abbreviations: BMI, body mass index; DM, diabetes; HbAc, glycated hemoglobin.
Table 2 Comparison of Biochemical Parameters of Different HbAlc Groups
HbAIc Level P value
<7% 7-9% >9%

TC (mmol/L) 4.61£0.93 4.70+1.03 4.84+0.99 0.509
TG (mmol/L) 1.43 (0.96, 1.78) 1.53 (1.12, 2.21) 1.41 (0.93, 2.16) 0.607
HDL-C (mmol/L) 1.09 (0.90, 1.29) 1.07 (0.92, 1.25) 1.06 (0.90, 1.17) 0.640
LDL-C (mmol/L) 2.90+0.63 3.18+0.87 3.2540.09 0.049
VLDL-C (mmol/L) 0.51 (0.32, 0.75) 0.45 (0.33, 0.61) 0.52 (0.35, 0.66) 0.585
ApoAl (mmol/L) 1.26 (1.12, 1.43) 1.23 (1.12, 1.38) 1.22 (1.12, 1.32) 0.505
ApoB (mmol/L) 0.75 (0.62, 0.84) 0.81 (0.73, 1.02) 0.81 (0.68, 0.98) 0.025
Total protein (g/L) 68.75+5.03 69.99+6.09 67.37+5.55 0.041
Albumin (g/L) 42.12+2.45 42.30£2.82 41.31+3.02 0.130
BUN (mmol/L) 5.03+1.20 5.54%1.26 5.211.21 0.158
Cr (ummol/L) 74.04+10.34 72.31%10.81 70.27x11.32 0.234

Abbreviations: HbA ¢, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol; ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; Cr,
creatinine; BUN, blood urea nitrogen.
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Table 3 Comparison of BTM Concentrations of Different HbAlc Groups

HbAIc Level P value
<7% 7-9% >9%
250HD (ng/mL) 22.29 (16.52, 27.89) 18.04 (13.28, 22.79) 16.61 (12.09, 21.54) 0.014
OC (ng/mL) 14.07 (10.03, 17.82) 12.01 (9.96, 15.39) 11.52 (9.63, 15.10) 0.147
B-CTX (ng/mL) 0.48 (0.28, 0.58) 0.30 (0.24, 0.47) 0.35 (0.24, 0.51) 0.119
PINP (ng/mL) 42.76 (29.92, 52.34) 37.51 (30.59, 50.94) 38.08 (29.88, 50.16) 0914
PTH (pg/mL) 39.03 (24.65, 45.37) 28.83 (24.53, 42.21) 34.61 (26.15, 44.25) 0.521

Abbreviations: HbAlc, glycated hemoglobin; 250HD, 25-hydroxyvitamin D; OC, osteocalcin; B-CTX, B-C-terminal cross-linked telopeptide of type

| collagen; PINP, procollagen type | N-terminal propeptide; PTH, parathyroid hormone.

Table 4 Correlation Analysis Between HbAlc and Bone Turnover Markers

250HD ocC PINP B-CTX PTH
r —0.248 —0.173 —0.045 —0.066 —0.100
P 0.002 0.030 0.578 0.415 0.214

Abbreviations: 250HD, 25-hydroxyvitamin D; OC, osteocalcin; B-CTX, B-C-terminal cross-linked telopeptide of type | collagen; PINP,
procollagen type | N-terminal propeptide; PTH, parathyroid hormone.

Comparisons of BTM Concentrations Among the Groups and Their Relationships

with HbAlc

Compared with the HbAlc <7% group, the 250HD concentration in the HbAlc >9% group was lower (P<0.05).
However, the concentrations of other bone formation markers (OC and PINP) and bone resorption markers
(B-CTX and PTH) did not differ among the three groups (Table 3). The correlation analyses showed that the
concentrations of the bone formation markers 250HD and OC negatively correlated with HbAlc (P<0.05), which
implies that as the level of HbAlc increases, the concentrations of 250HD and OC gradually decrease (Table 4,

Figures 1-5).
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Figure | Correlation between HbAlc and 250HD.
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Figure 5 Correlation between HbAlc and PTH.
Abbreviations: HbAlc, glycated hemoglobin; 250HD, 25-hydroxyvitamin D; OC, osteocalcin; B-CTX, B-C-terminal cross-linked telopeptide of type | collagen; PINP,
procollagen type | N-terminal propeptide; PTH, parathyroid hormone.

Discussion

OP is a significant risk factor for fracture. In addition, older individuals are predisposed toward complications such as
bed rest, pressure sores, falling pneumonia, and lower extremity venous thrombosis, which are significant causes of
disability and death and are associated with substantial care and financial burdens for their families and society.” Bone
metabolism and the relationship between abnormal glucose metabolism in diabetes and bone function have recently been
attracting a lot of interest. BTMs, which include bone formation markers, such as 250HD, OC, and P1NP, and bone
destruction markers, such as f-CTX and PTH, can predict OP earlier than bone mineral density and provide information
regarding bone metabolism.

The kidney also plays an important role in bone metabolism. For example, 250HD is further hydroxylated in the
kidney to generate 1,25-dihydroxyvitamin D, which is the active form of vitamin D.'° Therefore, the presence of kidney
disease may affect BTM concentrations. For example, compared with people without kidney disease, patients with
chronic kidney disease have a higher prevalence of severe vitamin D deficiency (up to 80%) and impaired glucose
tolerance.'""'?

A meta-analysis suggested that body mass index and vitamin D level were inversely correlated, in both diabetic and
nondiabetic populations.'? It is evident that obesity could lead to metabolic diseases, such as insulin resistance, diabetes
and cardiovascular disease.'* Previous studies have explored the relationships between blood glucose control and
BTMs, and especially 250HD. For example, a prospective study of 5000 healthy Danish 30-65-year-old showed that
vitamin D deficiency is associated with more severe insulin resistance and the development of hyperglycemia.'> In
addition, in the large-scale AusDiab study, there was an inverse relationship between the serum 250HD concentration
and metabolic parameters, such as fasting blood glucose, insulin resistance index, triglyceride concentration, and waist
circumference; and the risk of new-onset diabetes increased within 5 years.'® A meta-analysis of 3094 individuals from
four studies showed that low serum 250HD concentration increased the risk of prediabetes. In addition, a meta-analysis
of eight randomized controlled studies containing 1580 participants showed that vitamin D supplementation amelio-
rates the impaired glucose tolerance of patients with prediabetes.'” Senyigit et al'® found that a low 250HD
concentration is associated with the development and complications of diabetes, which suggests that vitamin
D status may affect the progression of diabetes. Finally, a study conducted in South Korea that included 1175 patients
with T2DM showed that the concentrations of 250HD and PTH negatively correlate with HbAlc.'” However, these
previous studies included participants with both uncomplicated T2DM and others with T2DM complicated by diabetic
nephropathy.
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In the present study, we included patients with T2DM but no diabetic nephropathy. The results show that in this
population, the 250HD concentration is highest in individuals with HbAlc <7% and that it is a significantly lower in
those with an HbAlc >9%. Analysis of the relationships between HbAlc and BTMs showed that HbAlc negatively
correlates with the bone formation markers 2SOHD and OC, which implies that as the level of HbAlc increases, the
concentrations of 250HD and OC gradually decrease. Therefore, patients with lower HbA 1c are more likely to be able to
form bone effectively. Previous studies conducted on this subject have tended to be cross-sectional studies of the
relationship between blood glucose control and 250HD. In patients with T2DM but no chronic kidney disease, the
serum 250HD concentration and HbA ¢ are inversely related.’>*' However, in the present study, in addition to studying
250HD, we also explored the relationships between other BTMs and HbAlc.

In our study, we found that the history of hypertension differed among different HbAlc groups. In fact, hypertension
is also related to BTMs. A previous study indicated that low vitamin D status was associated with higher incidence of
hypertension and was inversely associated with diastolic blood pressure.”” In patients with OP, hypertension was
associated with low levels of OC and 250HD.** Furthermore, hypertensive patients had low intestinal calcium absorp-
tion and increased urinary calcium excretion, which would stimulate PTH secretion and calcium mobilization.**

The present study had some limitations. First, a healthy control group was not included, so we could not compare the
relationships between HbAlc and BTMs between healthy people and patients with T2DM. Second, the participants were
all hospitalized and their HbAlc levels were fairly high, which may have introduced some bias into the study. Third, the
samples size was small and this was a cross-sectional study; therefore, we cannot draw conclusions regarding causality.
Fourth, we did not describe the female estrogen status and fracture history in the study. However, these two factors may
be related to the status of bone metabolism, and may in turn have affected the results to a certain extent as confounding
factors. Last, the drug use in our patients was not recorded in detail. But at present, hypoglycemic drugs, such as insulin,
incretin drugs, and metformin, can affect BTMs by affecting bone formation or bone absorption.”>°

In conclusion, in patients with T2DM but no diabetic nephropathy, HbAlc negatively correlates with the bone
formation markers 250OHD and PINP, which suggests that good blood glucose control may be associated with superior
bone formation, and perhaps a lower risk of OP.

Abbreviations

ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; BMI, body mass index; HbAlc, glycated hemoglobin; HDL-C,
high-density lipoprotein cholesterol; IR, insulin resistance; LDL-C, low-density lipoprotein cholesterol; T2DM, type 2
diabetes mellitus; TC, total cholesterol; TG, triglyceride; VLDL-C, very low-density lipoprotein cholesterol; OC,
osteocalcin; PINP, procollagen type 1 N-terminal propeptide; PTH, parathyroid hormone; 250HD, 25-hydroxyvitamin
D; CI, confidence interval; -CTX, B-C-terminal cross-linked telopeptide of type I collagen.
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