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Summary 
Osteoporosis is an increasingly widespread disease, as well as 
diabetes mellitus. It is now accepted that osteoporotic fractures 
are a serious co-morbidity and complication of diabetes. Despite 
of good bone mineral density in Type 2 Diabetes (T2DM) patients 
is the fracture risk elevated. It is due to reduced bone quality. To 
determine the effect of glycemic compensation on bone density 
and trabecular bone score (TBS) in T2DM. We analyzed a cohort 
of 105 postmenopausal women with T2DM. For all patients, 
central bone density (spinal and lumbar spine) was tested by 
DXA methodology, glycemic control parameters were assessed, 
and anthropometric parameters were measured. Bone quality 
was analyzed using TBS software. The results were statistically 
processed. Good glycemic compensation with glycated 
hemoglobin (A1c) value <7.0 % DCCT did not lead to BMD 
changes in patients with T2DM. However, patients with HbA1c 
<7 % DCCT had significantly better TBS (1.254±0.148 vs. 
1.166±0.094, p=0.01). There was a negative correlation 
between TBS and glycated hemoglobin (r= -0,112, p<0.05) with 
glycemic fasting (r= -0.117, p<0.05). The optimal effect on TBS 
is achieved when all three markers of glycemic compensation 
(glycated hemoglobin, fasting plasma glucose and postprandial 
glycemia) are in optimal range. By using ROC curves glycated 
hemoglobin has the most significant effect on TBS. Optimal 
glycemic compensation, evaluated by glycated hemoglobin, does 
not lead to changes in BMD but has a beneficial effect on TBS in 
T2DM. Good glycemic control is required also for reduction of the 
risk of osteoporosis and osteoporotic fractures. 
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Introduction 
 

The numerous complications and comorbidities 
associated with long-standing diabetes mellitus (DM) 
contributes to the huge impact of the disease. Many 
clinical studies have investigated the association between 
diabetes mellitus and osteoporosis, given that these 
disorders affect a large proportion of, mostly elderly, 
population. Although bone mineral density (BMD) is 
considered as a gold standard for evaluating fracture risk 
in non-DM osteoporosis, accumulating evidence has 
shown that patients with type 2 diabetes (T2DM) have 
a high fracture rate without BMD reduction (Raška et al. 
2017). A meta-analysis has shown that T2DM patients 
have greater hip BMD in comparison to non-DM 
controls, despite an increased risk of hip fracture  
(1.4-fold), suggesting that BMD value does not reflect 
bone fragility in T2DM (Vestergaard 2007). In clinical 
practice, another information about bone fragility and 
strength could be provided by trabecular bone score 
(TBS), an indirect measure of bone microarchitecture, has 
been useful in indicating poor bone quality in T2D 
patients with non-osteoporotic BMD. It was observed, 
that lower TBS value is correlated with lower number and 
connectivity of trabeculae, and a higher risk of fracture 
(Hans et al. 2011, Silva et al. 2014). In the sub-cohort of 
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diabetics from Manitoba study the lower TBS has been 
associated with higher fracture risk (Farr et al. 2014). In 
addition, in the study performing in vivo microindentation 
analysis on 30 T2DM postmenopausal women the bone 
material strength (BMS) was lower than in controls and 
the glycated hemoglobin (A1c) previous 10 years was 
negatively related to BMS (Leslie et al. 2013). TBS has 
a main role in the identification of individuals at risk of 
fragility fracture particularly in a context of secondary 
osteoporosis as in diabetic patients. This tool, in fact, 
seems to have a diagnostic accuracy comparable to that of 
TBS-adjusted FRAX to discriminate osteoporotic 
fractures in T2DM postmenopausal women (Bonaccorsi 
et al. 2017). 

Optimal glycemic control is fundamental to the 
management of diabetes (Žofková 2015). In 
epidemiological analyses, glycated hemoglobin (A1C) 
levels >7.0 % are associated with a significantly 
increased risk of both microvascular and macrovascular 
complications, regardless of underlying treatment 
(Stratton et al. 2000). Data from large diabetic trial 
demonstrated a continuous relationship between A1C and 
diabetes complications, with no apparent threshold of 
benefit. In the DCCT, a 10 % reduction in A1C was 
associated with a 40 % to 50 % lower risk of retinopathy 
progression, although the absolute reduction in risk was 
substantially less at lower A1C levels (DCCT 1993, 
Genuth 2006). Both fasting plasma glucose (FPG) and 
postprandial plasma glucose (PPG) are directly correlated 
to the risk of complications, with some evidence that 
postprandial might constitute a stronger risk factor for 
cardiovascular complications (Sarwar et al. 2010). 
Epidemiological studies have confirmed that 
hyperglycemia is the most important factor in the onset 
and progress of vascular complications, both in T1DM 
and also T2DM. The formation of advanced glycation 
end-products (AGEs) correlates with glycemic control 
(Jakus et al. 2004). The AGE hypothesis proposes that 
accelerated chemical modification of proteins by glucose 
during hyperglycemia contributes to the pathogenesis of 
diabetic complications including nephropathy, 
retinopathy, neuropathy, atherosclerosis and also bone 
metabolism (Kalousova et al. 2002). 

We performed the cross-sectional study to 
determine bone mineral density (BMD) and trabecular 
bone score (TBS), simple indirect surrogate of bone 
strength, with regard to glycemic control according to 
A1c, fasting plasma glucose (FPG), 2-hours postprandial 
plasmatic glucose (PG) in postmenopausal women with 

T2DM (Farr et al. 2014). 
 
Methods and Subjects 
 
Study population  

This cross-sectional study evaluates a cohort of 
105 postmenopausal women with T2DM during January 
– December 2015. The study protocol was reviewed and 
approved by Comenius University research board. All 
patients signed informed consent prior to the conduct of 
any study procedure. The diagnosis of diabetes mellitus 
was confirmed according diagnostic criteria of American 
Diabetes Association 2015 (Table 1) using the value of 
fasting plasma glucose and/or A1C in medical report of 
the patient (2015). 

 
 

Table 1. Criteria for the diagnosis of diabetes (2015) 
 

A1C ≥ 6.5 % DCCT 
Fasting plasma glucose (FPG) ≥ 7.0 mmol/l 
2-h plasma glucose during an OGTT ≥ 11.1 mmol/l 
A random plasma glucose ≥ 11.1 mmol/l 

 
 

Study inclusion criteria were as follows: 
• Subjects with T2DM diagnosed according to the 

guidelines of the American Diabetes Association 
2015 (2015). 

• Patients treated only by a stable (minimal 6 months) 
and maximal tolerated dose of oral antidiabetic drugs 
metformin and DPP-4 inhibitor sitagliptin. These 
drugs should have no effect on BMD or risk of 
fractures (Ceccarelli et al. 2013, Gilbert et al. 2015, 
Chandran 2017). 

• No presence of osteoporosis or treatment for 
osteoporosis with any antiresorptive drug or 
supplementation with vitamin D and calcium.  

• No cause of secondary osteoporosis other than 
T2DM (e.g. malabsorption, rheumatoid arthritis, 
corticosteroid-induced osteoporosis, etc.) or any 
other chronic illness which could considerably 
confound the results of bone measures 
 
From observation were excluded patients: 

• With other potential causes of secondary osteoporosis 
(rheumatoid arthritis, osteogenesis imperfecta in adults, 
type 1 diabetes, untreated long-standing 
hyperthyroidism, hypogonadism or premature 
menopause < 45 years, chronic malnutrition, or 
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malabsorption and chronic liver disease).  
• With history of any glucocorticoid treatment.  
• No presence or history of hormone replacement 

therapy.  
 
Outcome measures 

Basic anthropometric measurements of height, 
weight, waist circumference, and body mass index (BMI) 
were assessed.  

BMD of the lumbar spine (LS), at L1-L4, and 
total hip (TH) were measured using Hologic Discovery 
device with identical software (v.12.3 – Hologic Inc., 
Marlborough, MA, USA).  

TBS measurement was derived from L1-L4 
DXA scans using TBS iNsight® software (Medimaps 
group, Geneva, Switzerland) version 3.0.2.0.  

Using a questionnaire data about clinical 
fragility fracture was collected. Prior major fragility 
fracture was defined as a low-trauma fracture at the hip, 
vertebral, proximal humerus, and radius that occurred 
after the age of 40 years. All patient-reported fractures 
were documented with the appropriate medical record 
from surgeon or traumatologist. Asymptomatic vertebral 
fractures have not been actively searched in this study. 

Measurement of the plasma concentrations of 
glucose after 8-hour fasting, 2-hours postprandial PG and 
A1C were performed in the central hospital laboratory. 
A1C was measured using ion-exchange high-performance 
liquid chromatography (HPLC). FPG was measured in 
venous plasma and hexokinase/Glucose-6-phosphate 
dehydrogenase has been used for the determination of 
plasma glucose levels.  

According the diabetic guidelines a reasonable 
A1C goal for adults is < 7 % (2017b). Using this cut-
point we divided the cohort in two subgroups: subjects 
with A1c ≤ 7.0 % and A1c ≥ 7.1 %. Additionally, the 
analysis of the effect of one, two or all three glycemic 
compensation parameters on bone parameters in the 
comparison model 1, 2 and 3, respectively was 
performed. 

For evaluation of glycemic compensation we 
used the value of A1C ≤ 7.0 %, FPG < 7.2 mmol/l and 
PPG < 10 mmol/l according to position statement of the 
American Diabetes Association and the European 
Association for the Study of Diabetes (Table 2) (Inzucchi 
et al. 2015). 
 
Statistical analysis 

The statistical analysis was performed using the 

IBM SPSS Statistics 19 software. Numeric data were 
expressed as means ± standard deviations (SDs). All 
parameters were check for normality. The statistical 
significance of differences in TBS and BMD was than 
tested by paired t-test or other appropriate test if the 
parameters were not normal. Between-group variances 
were assessed by one-way ANOVA or independent 
sample T-test. A linear regression model to compare 
predictors of primary outcome change was used. 
Correlations were assessed by the Pearson correlation 
test. Tests were adjusted for potential confounding factors 
when appropriate. The parameter of glycemic 
compensation with the highest power to TBS was 
estimated and compared using the receiver operator 
characteristic (ROC) curve analysis. 

 
 

Table 2. Summary of glycemic recommendations for adults with 
diabetes (Inzucchi, et al. 2015) 
 

A1C (DCCT) < 7.0 % 
Preprandial capillary plasma 
glucose 

4.4 – 7.2 mol/l 

Peak postprandial capillary 
plasma glucose 

10.0 mmol/l 

 
 

Results 
 
Study group characteristics 

Analysis included 105 female patients with 
T2DM, mean age 54.3±7.1 years (mean BMI 33.1± 
5.3 kg/m2). All subjects were treated with metformin 
(median dose 1500 mg) and sitagliptin (dose of 100 mg), 
respectively. The study group characteristics are shown in 
Table 3 and 4. Mean values for A1C, FPG and 
2h postprandial glucose was 7.6±0.5 %, 7.31± 
1.73 mmol/l, and 9.16±0.96 mmol/l, respectively. 

According to WHO classification, 59.5 % of 
patients with low bone mass (T-score ≤ -1.0 > -2.5) and 
29.8 % with BMD osteoporosis was present, with no 
differences in the individual characteristics between these 
two groups. In the group of patients with osteoporosis, 
there was a trend towards higher A1C and a longer 
duration of DM (p=0.051). 

 
Effect of glycemic compensation on BMD and TBS 

There were no statistical significant differences 
in BMD according to A1c. Patients with A1C ≤ 7.0 % 
showed higher TBS value than patient with A1C ≥ 7.1 % 
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(1.254±0.148 vs. 1.166±0.094; p=0.01) (Table 4). The 
statistical significant difference was also after adjusting 
TBS for BMI. 
 
 
Table 3. Basic characteristics  
 

Number of subjects 105 
Age (years) ± SD 54.3 ± 7.1 
Height (cm) ± SD 164.27 ± 9.7 
Weight (kg) ± SD 89.3 ± 10.2 
BMI (kg/m2) ± SD 33.1 ± 5.3 
FN BMD (g/cm2) ± SD 0.896 ± 0.01 
LS BMD (g/cm2) ± SD 1.065 ± 0.009 
TBS ± SD 1.185 ± 0.153 
Duration of diabetes (years ± SD) 5.3 ± 3.8 
A1c (% DCCT) 7.6 ± 0.5 
Mean duration of menopause 
(years ± SD) 

6.2 ± 3.3 

Age in time of menopause 
(years) ± SD) 

47.7 ± 3.9 

Clinical fractures (n, %) 14 (13.3 %) 
 
BMI – body mass index, FN BMD – femoral neck hip BMD,  
LS BMD – lumbar spine BMD, BMD – bone mineral density, TBS – 
trabecular bone score  

 
 
The ROC curves for all the compensation 

parameters in TBS prediction showed AUC 0.813; 0.745 
and 0.611 for A1c, FPG and 2h postprandial PG, 
respectively (Fig. 2). 

In the correlation analyses TBS was significantly 
inversely correlated with A1C and fasting plasma glucose, 
also after adjusting for BMI. No correlation of TBS and 
2-hour postprandial PG was observed (Table 5). 
Multivariate linear regression analyses revealed that FPG 
and A1c were significantly associated with decreased TBS. 

Positive correlation between A1C BMD 
(Table 6), BMD and FPG was observed. Mild association 
between BMD (both sites) and 2-h postprandial PG was 
observed. The effect of duration of diabetes was not 
observed, but there was not statistical significant 
difference in the duration of the disease between the two 
groups (divided according A1c). 

 
Fractures 

In the whole cohort 14 patients (13.3 %) 
reported a low trauma clinical fracture – 2 hip fractures,  
6 fractures of distal forearm, 1 fracture of humerus and  
5 ankle fractures. We observed no differences between 
those with fractures and those without in age, BMD or 

BMI. However, those with fractures had higher A1C 
values (8.1 % vs 7.5 %; p=0.05) and lower mean TBS 
scores (1.261 vs 1.305; p=0.031). 
 
Discussion 
 

Diabetes-related complications significantly 
affect patient lives. Therefore, clinicians and their 
patients need to be aware of common comorbidities that 
affect people with diabetes and may complicate 
management (Sudore et al. 2012, Tinetti et al. 2012). 
Nowadays, fragility fractures are becoming the most 
challenging problem and serious comorbidity of the 
diabetes mellitus, especially in type 2 (2017a). This raises 
questions how fragility fractures in T2DM could be 
predicted and prevented. It is widely accepted that routine 
measurement of BMD could not provide the information 
about the fracture risk, since BMD is normal or even 
increased in T2DM patients (Burghardt et al. 2010, Farr 
et al. 2014). Therefore, it is assumed that bone quality 
and strength play major role in the fracture risk, but 
previous studies remains inconclusive. Measurement of 
the bone material strength (BMS; assessed in vivo by 
microindentation testing) revealed significantly decreased 
BMS values in diabetics, after multiple adjustments (Farr 
et al. 2014). 

It is recommended that TBS could be used, in 
addition to BMD, in postmenopausal females with 
T2DM. Fracture prevention strategies for people with 
diabetes are the same as for general population but it is 
necessary to achieve good glycemic compensation. 
Recently, studies performing bone microidentation 
showed that BMS values are inversely correlated with 
disease duration, accumulation of advanced glycation 
end-products (AGE) (Furst et al. 2016), and with the 
disease control (expressed as the average A1c 
concentration for the previous 10 years) (Farr et al. 
2014). Therefore, we conducted the study to compare 
bone measures, BMD and TBS, in postmenopausal 
T2DM women with regard to glycemic compensation.  

 We showed that good glycemic compensation 
with a cut-point of A1C ≤ 7.0 % does not have any effect 
on BMD in patients with T2DM. The effect of optimal 
FPG, as well as optimal 2h PPG was not significant. 
A correlation analysis revealed positive association 
between the individual glycemic compensation and BMD 
at both sites. Possible explanation of this correlation is 
that patients with worse A1c had greater BMI which 
could overestimate BMD values. 
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Table 4. Comparison of the subgroups according to A1c 
  

 A1c ≤ 7.0 % A1c ≥ 7.1 % p 

Number of subjects 42 63  
Age (years) ± SD 53.2 ± 6.7 55.4 ± 7.3 N.S. 
Height (cm) ± SD 163.5 ± 8.8 164.1 ± 9.2 N.S. 
Weight (kg) ± SD 87.5 ± 8.9 92.1 ± 9.5 N.S. 
BMI (kg/m2) ± SD 32.7 ± 7.8 34.3 ± 8.9 N.S. 
FN BMD (g/cm2) ± SD 0.891 ± 0.11 0.907 ± 0.07 N.S. 
LS BMD (g/cm2) ± SD 1.061 ± 0.012 1.072 ± 0.010 N.S. 
TBS ± SD unadjusted  1.254 ± 0.148 1.166 ± 0.094 0.01 
TBS ± SD adjusted on BMI 1.249 ± 0.141 1.174 ± 0.099 0.01 
Duration of diabetes (years ± SD) 5.2 ± 2.9 5.3 ± 1.6 N.S. 
Duration of menopause (years ± SD) 5.8 ± 2.5 6.4 ± 2.2 N.S. 
Clinical fractures (n, %)  5 (11.9 %) 9 (14.2 %) 0.051 

 
 

Fig. 1. Comparison of the effect of 
different models on TBS according 
to number of glycemic compen-
sation parameters in the “good” 
range. The greatest TBS was 
observed when all three compen-
sation parameters were in “good” 
range. Model 0: No parameter is 
compensated. Model 1: only  
1 good marker (A1C ≤ 7.0 % or 
FPG < 7.2 mmol/l or PPG <  
10 mmol/l), Model 2: two good 
compensated markers, Model 3:  
all 3 good compensated markers  
(A1C ≤ 7.0 %, FPG < 7.2 mmol/l, 
PPG < 10 mmol/l) 
 
 
 

 
Table 5. Correlation analysis between TBS and markers of 
glycemic compensation  

 R p-value 

A1C – TBS -0.112 < 0.05 
Fasting plasma glucose - TBS -0.127 < 0.05 
2-h postprandial glucose - TBS -0.158 0.09 

 
 
Similar association between BMD and A1c was 

observed in few previous studies (Oei et al. 2015, Oei  
et al. 2013). In the Rotterdam Study poor glycemic 
control based on A1C ≥7.5 % in T2DM was associated 
with higher risk of all types fractures, higher BMD, and 
thicker femoral cortices in narrower bones (Oei et al. 
2013). Another study found that T2DM was significantly 
and independently associated with increased risk of 

fractures among persons with HbA1C ≥ 8 % as compared 
to those individuals with A1C below 8 % (Schneider  
et al. 2013).  

 
 

Table 6. Correlation analysis between BMD and markers of 
glycemic compensation  
 

  R p-value 

A1C BMD – FN 0.045 < 0.05 
BMD – LS  0.241 < 0.05 

Fasting plasma 
glucose 

BMD – FN 0.039 0.07 
BMD – LS  0.117 0.05 

2-h postprandial 
glucose  

BMD – FN 0.036 0.05 
BMD – LS  0.120 0.06 

 
BMD-FN: Bone mineral density of femoral neck; BMD-LS: Bone 
mineral density of lumbar spine;  
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Fig. 2. ROC curve of the effect of “glycemic trio” on TBS. 
Receiver operating characteristic curves evaluating the 
discriminatory power of A1C (blue line), fasting plasma glucose 
(green line) and postprandial blood glucose (red line) to affect 
TBS.  

 
 

In this study, it was observed that patients with 
A1C ≤7.0 % had better TBS than those with A1C ≥  
7.1 %. An inverse relationship between A1c and TBS was 
proved by correlation analysis. In addition, the values of 
TBS are not influenced by BMI. To support the theory, 
that better A1c leads to better TBS and thus decreased 
risk of fracture, the clinical fractures were analyzed. In  
14 fractured individuals greater A1c and lower TBS in 
comparison to non-fractured individuals was observed. In 
addition, previous study demonstrated that the risk of hip 
fracture increased among patients with higher A1c  
(Li et al. 2015). 

A beneficial effect on TBS also showed optimal 
level of FPG, but there was no correlation between TBS 
and 2-hour PPG observed. Nevertheless, the most 
beneficial effect on TBS was observed when all three 
markers of the glycemic triad were in a satisfactory 
range, with slight superiority of A1c according to ROC 
analysis. 

In our study ROC curves showed greater 
discriminative ability for benefit effect on TBS 
(AUC=0.813) against other markers of glycemic 
compensation. The most effective marker for evaluating 
of diabetic complication is A1C as a marker of long-term 
compensation. Our data suggest the utility of A1C for 
evaluating also the osteoporosis risk in patients with 
T2DM. A1C reflects average glycaemia over 
approximately 3 months and has strong predictive value 
for diabetes complications (Albers et al. 2010, Stratton  
et al. 2000). Thus, A1C testing should be performed 
routinely in all patients with diabetes – at initial 

assessment and as part of continuing care.  
Leidig-Bruckner et al. concluded that clinical 

and chemical parameters diabetes-related are not directly 
linked to BMD. Indeed, the occurrence of fractures is not 
related to the T-score threshold, but similar in patient 
with low BMD and diabetes mellitus (Leidig-Bruckner  
et al. 2014). At the same time, many authors had explored 
how to evaluate the status of skeletal system and its 
related fracture risk in postmenopausal patients with 
T2DM. The aim is to supply physicians a „non-invasive” 
useful tool to assess fracture risk that may help the 
clinician in the decision whether to prescribe or not 
a pharmacological treatment for osteoporosis, according 
to a threshold of intervention. We showed that the group 
patient with fractures had lower TBS and higher A1C. 

This study has several limitations, which are 
cross-sectional design, small sample size and absence of 
the data on asymptomatic fractures. However, the 
strengths are carefully selected study population, data on 
clinical fractures and excluding individual with bone-
affecting diabetes medications.  

In conclusion, this study shows among 
postmenopausal females with T2DM that optimal 
compensation with a glycated hemoglobin value of 
< 7.0 % is associated with better TBS. With regard to 
parameters of glycemic compensation we observed the 
greatest TBS, when all three parameters of glycemic triad 
in the optimal range (A1C ≤ 7.0 %, FPG < 7.2 mmol/l 
and PPG < 10 mmol/l), with superiority A1C, the marker 
of long-term glycemic compensation. In addition, patients 
with clinical fracture had greater A1C and lower TBS in 
comparison to non-fractured individuals. Therefore, it is 
plausible that good long-term glycemic control leads to 
better bone microarchitecture, as measured by TBS. It is 
appropriate to test this hypothesis in the longitudinal, 
controlled study. 

 
Conclusions 
 

As for all diabetic complication, a good 
compensation is the basic principle for management of 
diabetes. We have showed that optimal glycemic 
compensation, evaluated by glycated hemoglobin, does not 
lead to changes in BMD but has a beneficial effect on TBS 
in postmenopausal women with T2DM. We can conclude 
that good glycemic control is required also for reduction of 
the risk of osteoporosis and osteoporotic fractures, because 
of better bone quality. Our study has various limitations – 
it is not prospective study, we did not examine other health 
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conditions which can affect bone health, we do not have 
the occurrence of hypoglycemic episodes, the fractures 
where defined only clinical, not by x-ray. Therefore, there 
are needed further clinical trials to conclude our results and 
also trials for understanding the physiological principles of 
good glycemic compensation on bone.  
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