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Purpose: We aimed to determine the relationship between the levels of glycated hemoglobin (HbA1c) and biomarkers of bone metabolism in patients with type 2 diabetes mellitus
(T2DM), and whether HbA1c independently inﬂuences any of these biomarkers.
Patients and Methods: A cohort study of 240 patients with T2DM was performed. Serum
was obtained and used to measure HbA1c, total cholesterol (TC), triglycerides, high-density
lipoprotein-cholesterol, low-density lipoprotein-cholesterol (LDL-C), very-low-density lipoprotein-cholesterol, apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), total protein,
albumin, blood urea nitrogen (BUN), creatinine, serum 25-hydroxyvitamin D (25OHD),
osteocalcin (OC), β-C-terminal cross-linked telopeptide of type I collagen (β-CTX), procollagen type 1 N-terminal propeptide (P1NP), or parathyroid hormone (PTH) concentrations.
The participants were divided into three study groups according to HbA1c level: <7%, 7–9%
and ≥9%. Chi-square testing and one-way analysis of variance were used to compare groups.
The relationships between HbA1c and bone metabolism biomarker values were analyzed
using linear correlation analysis and multiple linear regression analysis.
Results: Age, duration of T2DM, and the concentrations of TC, LDL-C, apolipoprotein B,
albumin, and BUN showed signiﬁcant difference among the <7%, 7–9% and ≥9% HbA1c
groups. Of the bone metabolism biomarkers, there were signiﬁcant differences in serum 25hydroxyvitamin D (25OHD) and osteocalcin (OC) among the groups. The correlation
coefﬁcients (r) for the relationships of HbA1c with 25OHD and OC were −0.200 and
−0.183, respectively (P <0.05). Regardless of adjustment for none, some, or all of the
confounding factors (age, sex, and duration of T2DM), the 25OHD and OC concentrations
were signiﬁcantly lower in the HbA1c ≥9% group than in the HbA1c <7% group. HbA1c
showed no relationship with β-CTX, PINP, or PTH.
Conclusion: T2DM patients with poorer glycemic control had lower concentrations of
serum 25OHD and OC, suggesting that HbA1c is an independent risk factor for low
25OHD and OC.
Keywords: diabetes mellitus type 2, bone metabolism, glycated hemoglobin

Introduction

Correspondence: Luping Ren
Email renluping1122@163.com

Type 2 diabetes mellitus (T2DM) is a metabolic disease characterized by hyperglycemia that is caused by genetic and environmental factors. It can be associated with
a variety of complications, which can be categorized as macrovascular disease, such
as coronary heart disease and cerebral infarction, and microvascular disease, such
as diabetic nephropathy, diabetic retinopathy, and diabetic peripheral neuropathy,
but it also affects bone health.1 Diabetic osteoporosis (OP), ﬁrst identiﬁed by
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Albright et al2 in 1947, is a form of secondary OP that
leads to severe chronic pain and joint dysfunction, and
even fracture, and is thus associated with a high prevalence of disability. In recent years, increasing attention has
been paid to the deleterious effects of diabetes on bone.
Previous studies have shown that patients with T2DM
have a higher risk of fracture than healthy people. A metaanalysis by Vestergaard3 showed that the relative risk of
hip fracture in adults with T2DM is 1.3 times higher than
that of normal people. The meta-analysis by Janghorbani
yielded similar results, with a relative risk of hip fracture
of 2.8 in adults with T2DM.4 This fracture risk is higher
than that predicted using bone density measurements, and
suggests high bone fragility in patients with T2DM.5 The
underlying mechanisms of the higher bone fragility in
diabetes are complex. Low bone turnover, accumulation
of advanced glycation end-products, abnormal microstructures and macrostructures, and abnormal biomechanical
properties caused by material damage to tissues may be
responsible. However, other factors inﬂuence bone fragility, including the inﬂammatory response, oxidative stress,
adipokines, and bone marrow fat content.6 Furthermore,
external factors, such as falls, are closely related to diabetes complications and the hypoglycemia caused by treatment, and add to the higher risk of fracture.7 Nevertheless,
even after adjusting for fall frequency, diabetes remains an
independent risk factor for higher fracture risk.8,9
The measurement of bone mineral density is the gold
standard method for the diagnosis of OP, but it is of relatively limited use in early diagnosis. Bone metabolism
biomarkers are metabolites of bone cells or bone matrix
that are of great assistance for the early diagnosis, evaluation, and treatment of OP. Biochemical indicators of bone
formation include 25-hydroxyvitamin D (25OHD), osteocalcin (OC), and total type 1 N-terminal propeptide (P1NP),
whereas β-C-terminal telopeptides of type I collagen
(β-CTX) and parathyroid hormone (PTH) are biochemical
indicators of bone resorption. In patients with T2DM, the
efﬁcacy of blood glucose control may affect the circulating
concentrations of these bone metabolic markers, and thus
may be useful for the prediction of OP risk. Glycated
hemoglobin (Hb1Ac) was selected for this study because
it can be used to evaluate the average fasting blood glucose
level over the previous 2–3 months and is stable. We examined the relationships between HbA1c level and markers of
bone metabolism in patients with T2DM and whether
HbA1c independently inﬂuences these markers.
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Patients and Methods
Participants
This study was approved by Ethics Committee of Hebei
General Hospital (Registration no. ChiCTR2000029391).
We enrolled patients with T2DM who were admitted to the
Endocrinology Department of Hebei General Hospital
between June 2018 and December 2019.

Inclusion Criteria
(i) Patients with T2DM were included. The diagnosis
of T2DM was made according to the criteria for the
diagnosis and classiﬁcation of diabetes proposed by
the World Health Organization in 1999 (Table 1).
(ii) Patient information including basic characteristics
and blood indicators was collected from all
participants.

Exclusion Criteria
(i) Presence of type 1 diabetes or other types of
diabetes.
(ii) Presence of a complex inﬂammatory disease,
such as lung or urinary tract infection, or another
stress state.
(iii) Use of vitamin D, calcium, a bisphosphonate,
a glucocorticoid, estrogen, warfarin, or other
drugs that affect bone metabolism in the preceding 6 months.
(iv) Presence of a malignant tumor.
(v) Presence of a disease that could cause secondary
OP, such as hyperthyroidism, hyperparathyroidism, rheumatoid arthritis, kidney disease, or multiple myeloma.
(vi) Presence of another severe chronic disease, such
as severe liver or kidney dysfunction, or heart
failure.
Table 1 Diagnostic Criteria for Type 2 Diabetes
Diagnostic Criteria

Venous Plasma Glucose
(mmol/L)

Diabetes symptoms + random

≥11.1

blood glucose
Or fasting blood glucose
Or OGTT 2 hours blood glucose

≥7.0
≥11.1

Notes: Symptoms of diabetes: polyuria, polydipsia, and unexplained weight loss. It
needs to be tested again to conﬁrm, so the diagnosis can be established. Random
blood glucose refers to blood glucose at any time of the day regardless of the meal
time.
Abbreviation: OGTT, oral glucose tolerance test.
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(vii) Presence of acute cardiovascular and cerebrovascular disease, such as myocardial infarction, cerebral hemorrhage, or cerebral infarction, in the
preceding 6 months.
(viii) Recent acute complications of diabetes, such as diabetic ketoacidosis, diabetic hyperosmolar coma, or
hypoglycemia.

Data Collection
General Clinical Data
The age, sex, duration of T2DM, family history of diabetes
(relatives within three generations), history of hypertension and gastrointestinal disease, smoking history, alcohol
consumption history, and body mass index (BMI) of the
participants were collected.
Blood and Serum Measurements
The participants were fasted overnight for at least 8–10
hours before blood was collected the following morning
from a cephalic vein. Serum was obtained and used to
measure HbA1c, total cholesterol (TC), triglycerides
(TG), high-density lipoprotein-cholesterol (HDL-C), lowdensity lipoprotein-cholesterol (LDL-C), very-low-density
lipoprotein-cholesterol (VLDL-C), apolipoprotein A1
(ApoA1), apolipoprotein B (ApoB), total protein, albumin,
urea nitrogen (BUN), creatinine (Cr), 25OHD, OC, β-CTX,
P1NP and PTH concentrations.

Statistical Analysis
Data were analyzed using SPSS v.22.0 (IBM, Inc.,
Armonk, NY, USA). According to their HbA1c results,
the participants were divided into three groups: HbA1c
<7%, HbA1c 7–9%, and HbA1c ≥9%. Categorical data
are expressed as numbers (percentage) and the chisquare test was used for comparisons among groups.
Continuous data were tested for their normality and
homogeneity of variance; normally distributed data are
expressed as mean ± standard deviation, and one-way
analysis of variance was used for comparisons among
groups. Non-normally distributed data are expressed as
medians (interquartile range) and non-parametric testing
was performed. The relationships between HbA1c and
bone metabolism biomarkers were analyzed using linear
correlation analysis and multiple linear regression analysis. P <0.05 was considered to indicate statistical
signiﬁcance.
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Results
Basic Characteristics of Participants in the
Three HbA1c Groups
Nearly half (49.6%) of the participants had an HbA1c ≥9%,
which made this a larger group than the other two. There
were no differences in the proportions of men and women
among the three groups (P >0.05). The participants in the
7–9% group were slightly older (P <0.05). There were no
differences in family history of diabetes, or prevalence of
hypertension, gastrointestinal disorders, smoking or drinking among the groups (P >0.05). The duration of diabetes
differed among the three groups, with the longest duration
being 1–10 years in the ≥9% group (P <0.05). With regard
to blood lipid concentrations, only the serum TC, LDL-C,
and ApoB concentrations differed among the groups: when
HbA1c was not well controlled (≥9%), the concentrations
of these lipids were higher, while albumin concentrations
were lower (P <0.05). BUN was highest in the 7–9%
HbA1c group (P <0.05) (Table 2).

Comparisons of Bone Metabolism
Biomarker Concentrations Among the
HbA1c Groups
There were no differences in β-CTX, P1NP, or PTH
among the three groups (P >0.05). However, as HbA1c
increased, the 25OHD and OC concentrations gradually
decreased (P <0.05). In the HbA1c <7%, 7–9%, and ≥9%
groups, the 25OHD concentrations were 21.37 (11.17),
18.02 (9.87), and 16.31 (8.72), and the OC concentrations
were 14.69 (9.41), 11.93 (5.14), and 10.99 (5.92), respectively (P <0.05) (Table 1).

Relationships Between HbA1c and Bone
Metabolism Biomarkers
The correlation coefﬁcients for the relationships of HbA1c
with 25OHD, OC, β-CTX, PINP and PTH were r = −0.200
(P = 0.002), r = −0.183 (P = 0.005), r = 0.007 (P = 0.920),
r = −0.047 (P = 0.472) and r = −0.034 (P = 0.600) (Figure 1),
respectively. These results implied negative linear correlations
of HbA1c with 25OHD and OC.

Effect of HbA1c on Bone Metabolism
Biomarkers
Before adjustment for potential confounding factors, the
serum 25OHD and OC concentrations were signiﬁcantly
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Table 2 Participants Characteristics by HbA1c
HbA1c Level

P value

<7%

7–9%

≥9%

43 (17.9%)

78 (32.5%)

119 (49.6%)

Sex (M/F)

34/9

50/28

74/45

>0.05

Age (years)
BMI (kg/m2)

56.37±9.98
24.93±3.15

59.18±10.83
26.31±3.57

51.86±11.79
26.14±3.32

0.000
>0.05

0.000

n
Basic characteristics

Duration of DM (years)
0–1

1 (0.4%)

5 (2.1%)

30 (12.5%)

1–10

21 (8.8%)

25 (10.4%)

48 (20.0%)

10–20
≥20

18 (7.5%)
3 (1.3%)

29 (12.1%)
19 (7.9%)

29 (12.1%)
12 (5.0%)

History of DM

17 (39.5%)

23 (29.5%)

49 (41.2%)

>0.05

Hypertension
Gastrointestinal disorders

19 (44.2%)
6 (14%)

42 (53.8%)
10 (12.8%)

46 (38.7%)
11 (9.2%)

>0.05
>0.05

Smoking

17 (40.5%)

27 (34.6%)

39 (32.8%)

>0.05

Drinking

14 (32.6%)

25 (32.1%)

26 (21.8%)

>0.05

TC (mmol/L)
TG (mmol/L)

4.53 (1.12)
1.45 (1.16)

4.42 (1.86)
1.45 (1.12)

4.76 (1.45)
1.59 (1.26)

0.022
>0.05

HDL-C (mmol/L)
LDL-C (mmol/L)

1.10 (0.37)
2.87 (0.67)

1.03 (0.29)
2.98 (1.27)

1.05 (0.27)
3.14 (1.09)

>0.05
0.005

VLDL-C (mmol/L)

0.51 (0.36)

0.45 (0.28)

0.53 (0.41)

>0.05

ApoA1 (mmol/L)
ApoB (mmol/L)

1.24 (0.32)
0.74 (0.21)

1.23 (0.24)
0.78 (0.31)

1.21 (0.21)
0.85 (0.28)

>0.05
0.000

Lipid proﬁle

Other biochemical indicators
Total protein (g/L)

69.24±5.22

69.52±6.68

67.63±5.77

>0.05

Albumin (g/L)

42.20 (3.00)

42.27 (4.07)

40.80 (4.86)

0.017

BUN (mmol/L)
Cr (μmmol/L)

4.77 (1.60)
72.10 (14.50)

5.66 (2.04)
75.15 (20.77)

5.01 (1.80)
70.80 (17.62)

0.011
>0.05

Bone turnover markers
25OHD (ng/mL)

21.37 (11.17)

18.02 (9.87)

16.31 (8.72)

0.000

OC (ng/mL)

14.69 (9.41)

11.93 (5.14)

10.99 (5.92)

0.000

β-CTX (ng/mL)
P1NP (ng/mL)

0.39 (0.41)
45.87 (23.46)

0.28 (0.26)
36.13 (16.86)

0.32 (0.27)
37.11 (21.89)

>0.05
>0.05

PTH (pg/mL)

39.03 (20.50)

31.26 (19.96)

32.26 (20.59)

>0.05

Notes: Count data were expressed as number (percentages, %). Measurement data for normal distribution were expressed as (mean ± SD). Measurement data for nonnormal distribution are expressed as median (interquartile range).
Abbreviations: HbA1c, glycated hemoglobin; DM, diabetes mellitus; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very-low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; Cr,
creatinine; BUN, blood urea nitrogen; 25OHD, 25-hydroxyvitamin D; OC, osteocalcin; β-CTX, β-C-terminal cross-linked telopeptide of type I collagen; P1NP, procollagen
type 1 N-terminal propeptide; PTH, parathyroid hormone.

lower in the HbA1c ≥9% group than in the HbA1c <7%
group (P <0.05). When some or all of the potential confounding factors were adjusted for, the same results were
obtained (P <0.05), indicating that HbA1c independently
inﬂuences 25OHD and OC. However, there were no signiﬁcant differences between the 7–9% and <7% groups
(P >0.05). Regardless of adjustment for potential
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confounding factors, HbA1c showed no relationship to βCTX, PINP or PTH (P >0.05) (Table 3).

Discussion
T2DM and OP are common in the older population, and they
are frequent co-morbidities. In recent years, OP has become
established as a chronic complication of T2DM,10,11 and
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Figure 1 Linear association of HbA1c and bone metabolism biomarkers.
Notes: (A) 25OHD (ng/mL), (B) OC (ng/mL), (C) β-CTX (ng/mL), (D) P1NP (ng/mL), (E) PTH (pg/mL).
Abbreviations: HbA1c, glycated hemoglobin; OC, osteocalcin; P1NP, procollagen type 1 N-terminal propeptide; PTH, parathyroid hormone; 25OHD, 25-hydroxyvitamin
D; β-CTX, β-C-terminal cross-linked telopeptide of type I collagen.

indeed there is a common pathogenetic basis for OP and
T2DM.12 Hyperglycemia and disorders of lipid and protein
metabolism present in T2DM can affect bone metabolism in
a number of ways. Previous epidemiological studies have
found that patients with T2DM and OP have a higher risk of
fracture than the general population.13 T1DM is the most
common cause of secondary OP, and it has been shown that
bone mineral density (BMD) declines due to insulin
deﬁciency,14,15 whereas the onset of T2DM tends to be
later, and therefore the accompanying changes in bone
mass may be affected by a range of factors.16
Bone density and mass are important determinants of
bone strength and have been evaluated using a variety of
methods, including BMD, trabecular bone score, quantitative computed tomography, and bone morphology
methods.17 Early diagnosis is difﬁcult to achieve using
these methods, whereas bone metabolism biomarkers
reﬂect abnormal bone metabolism early in disease progression, and provide a theoretical basis for the prevention,
early diagnosis, and treatment of OP in T2DM patients.
Therefore, in the present study, bone metabolism biomarkers were used to evaluate bone metabolism in participants
with T2DM. We divided the participants into three

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

categories of HbA1c level: good glycemic control, <7%;
poor glycemic control, 7–9%; and extremely poor glycemic control, with the need for intensive insulin treatment,
≥9%. We hypothesized that a close relationship between
HbA1c and a bone metabolism biomarker be used to
identify abnormal bone metabolism and early OP in
patients with T2DM, and therapy prevents OP and
fractures.
While the correlation coefﬁcients for HbA1c with
25OHD and OC indicated weak relationships, this may
have been the result of the limited sample size.
Furthermore, the relationship between HbA1c and bone
biomarkers may not be direct, ie there may be factors that
mediate this relationship and merit further investigation. We
found that a high level of HbA1c, especially >9%, was an
independent risk factor for signiﬁcantly lower serum
25OHD and OC concentrations (biomarkers of bone formation). As the HbA1c increased, serum 25OHD and OC
concentrations decreased signiﬁcantly. This result suggested that poor glycemic control has a deleterious effect
on bone formation, and as the balance in bone metabolism
continues to change, resorption dominates in bone, increasing the risk of OP.
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Table 3 Adjusted Association Between HbA1c with 25OHD, OC, β-CTX, P1NP and PTH
HbA1c Level
<7% (n=43)

Total P
≥9% (n=119)

7–9% (n=78)
B

95 CI

β

t

P

B

95 CI

β

t

P

25OHD
Model 1

reference

−2.983

(−5.653, −0.314)

−0.200

−2.202

0.029

−4.162

(−6.674, −1.651)

−0.296

−3.265

0.001

0.005

Model 2

reference

−2.648

(−5.315, 0.019)

−0.177

−1.956

0.052

−3.637

(−6.162, −1.112)

−0.259

−2.838

0.005

0.001

Model 3

reference

−3.166

(−5.832, −0.500)

−0.216

−2.340

0.020

−3.726

(−6.327, −1.124)

−0.271

−2.823

0.005

0.001

Model 1

reference

−2.078

(−3.804, −0.352)

−0.209

−2.371

0.019

−2.826

(−4.445, −1.207)

−0.303

−3.439

0.001

0.003

Model 2

reference

−2.230

(−3.972, −0.489)

−0.224

−2.523

0.012

−2.955

(−4.621, −1.290)

−0.317

−3.496

0.001

0.010

Model 3

reference

−2.494

(−4.306, −0.683)

−0.250

−2.714

0.007

−3.412

(−5.183, −1.640)

−0.366

−3.795

0.000

0.017

Model 1

reference

−0.085

(−0.162, −0.008)

−0.194

−2.165

0.031

−0.047

(−0.119, 0.025)

−0.115

−1.284

0.200

>0.05

Model 2

reference

−0.082

(−0.160, −0.004)

−0.188

−2.081

0.039

−0.055

(−0.130, 0.019)

−0.135

−1.471

0.143

>0.05

Model 3

reference

−0.076

(−0.156, 0.005)

−0.174

−1.858

0.064

−0.074

(−0.152, 0.005)

−0.180

−1.847

0.066

>0.05

OC

β-CTX

P1NP
Model 1

reference

−1.706

(−8.045, 4.634)

−0.047

−0.530

0.597

−3.558

(−9.504, 2.387)

−0.105

−1.179

0.240

>0.05

Model 2

reference

−1.730

(−8.144, 4.684)

−0.048

−0.531

0.596

−3.822

(−9.951, 2.288)

−0.113

−1.234

0.219

>0.05

Model 3

reference

−1.344

(−8.068, 5.381)

−0.037

−0.394

0.694

−4.432

(−10.978, 2.115)

−0.131

−1.344

0.184

>0.05

Model 1

reference

−1.267

(−6.795, 4.262)

−0.040

−0.451

0.652

0.140

(−5.039, 5.319)

0.005

0.053

0.958

>0.05

Model 2

reference

−1.253

(−6.797, 4.291)

−0.040

−0.445

0.657

1.367

(−3.915, 6.650)

0.047

0.510

0.611

>0.05

Model 3

reference

−1.592

(−7.372, 4.189)

−0.051

−0.543

0.588

0.742

(−4.855, 6.369)

0.025

0.260

0.795

>0.05

PTH

Notes: Data were expressed as partial regression coefﬁcient (95% conﬁdence interval). Model 1: Crude Model; Model 2: Adjusted for age and sex; Model 3: Additionally
adjusted for duration of diabetes mellitus, total cholesterol, albumin and blood urea nitrogen.
Abbreviations: HbA1c, glycated hemoglobin; 25OHD, 25-hydroxyvitamin D; OC, osteocalcin; β-CTX, β-C-terminal cross-linked telopeptide of type I collagen; P1NP,
procollagen type 1 N-terminal propeptide; PTH, parathyroid hormone.

A study by Timimi et al18 found that 53.7% and 4.4%
of patients with T2DM had vitamin D insufﬁciency and
deﬁciency, respectively, while in healthy people, the prevalence was 29.4% and 0.68%, respectively. Furthermore,
a meta-analysis showed a signiﬁcant negative correlation
between blood 25OHD concentration and the risk of
T2DM across a number of populations.19
There are several possible mechanisms whereby poor
blood glucose control could lead to reduced bone formation. First, in hyperglycemic patients, a large amount of
glucose is excreted in the urine, which may be accompanied by a large amount of calcium. Second, with the
progression of the disease, islet function declines, resulting
in insufﬁcient insulin secretion, which inhibits protein
synthesis, causing a negative nitrogen balance and robbing
the skeleton of protein—a key component. Patients with
T2DM and poor glycemic control have more severe islet
β-cell dysfunction and insulin resistance, but vitamin
D has been shown to improve β-cell function and increase
the sensitivity of peripheral tissues to insulin.
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There were some limitations to the present study. First,
the sample size was relatively small, which may have led
to false negatives with regard to the bone resorptionrelated indicators. Second, the study comprised patients
with T2DM admitted to our hospital, who may have had
poorer blood glucose control than the general population
with diabetes, resulting in a larger number of participants
with high HbA1c values. Future studies should recruit
more participants with a more even split of HbA1c values
among the three categories. Third, non-diabetic controls
have not been included in the study because we only
recruited subjects who were hospitalized, which may result
in some analytic bias.
In summary, we have shown that the poorer the glycemic control of a patient with T2DM, the lower their serum
25OHD and OC concentrations, implying a lower degree
of bone formation, which is not conducive to the maintenance of bone quality and strength. Therefore, proper
control of blood glucose may help to promote bone formation and reduce the incidence of OP in these patients.
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ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMD,
bone mineral density; BMI, body mass index; BUN, blood
urea nitrogen; Cr, creatinine; DM, diabetes mellitus; HbA1c,
glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; T2DM,
type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; VLDL-C, very-low-density lipoprotein cholesterol; OC,
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