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Osteoporosis among Patients with Type 1 and 2 Diabetes Mellitus

Abstract

Background and Objective: The incidence of diabetes mellitus is increasing. Osteoporosis has become an alarming health problem 
throughout the entire world. This study was undertaken to estimate the frequency of osteoporosis among Saudi patients with type 
1 and 2 diabetes mellitus.

Methods: Eligible patients were patients with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM). All patients 
were recruited from the population of the Diabetic Centre at King Fahad Armed Forces Hospital.  Eligible patients met with investi-
gators for a complete history and physical examination, to have baseline laboratory assessments including glycosylated hemglobin 
(HbA1c).  Bone mineral density (BMD) in the current study was measured using the lumber spine, neck of femur and hip. 

Main Results: Among 53 cases of individuals with diabetes mellitus who participated in this study, 27 cases (50.9%) were T1DM and 
26 (49.1%) were T2DM. BMD showed that Osteoporosis was found in 26 cases (49.1%). 17 cases (65.4%) of T1DM has osteoporosis 
compared to 9 cases (34.6%) of T2DM, p = 0.0. Male were more frequent with osteoporosis as compared to more frequent osteope-
nia in female, (figure 2). The mean age difference between T1DM and T2DM was -8.2 (95% confidence interval (CI); -13.4, -3.1), p 
= 0.002. Mean HbA1c and diabetes duration differences between T1DM and T2DM were -1.1 (95% CI; -2.3, 0.008), p = 0.05 and 6.7 
(95% CI; 1.6, 11.8), p = 0.01 subsequently. The mean lumbar spine BMD in the T1DM group was -1.9 ± 0. 9 g/cm2 and in T2DM group 
was -1. 5 ± 1.0 g/cm2 (P = 0.2). The mean femur neck BMD in T1DM group was -1.5 ± 1.0 g/cm2 and in T2DM group was -1.3 ± 0.7 
g/cm2, the difference was not statistically significant (P = 0.4). The mean hip BMD in the T1DM group was -1.4 ± 1.0 g/cm2 and in 
T2DM group was -0.95 ± 0.6 g/cm2 (P = 0.08. There were no specific patterns of differences of BMD of the lumbar spine, femur neck 
and hip in between T2DM and T2DM cases according to age, HbA1c and duration of diabetes. 

Conclusion: Our findings demonstrate high frequency of osteoporosis in patients with T1DM and T2DM. Although bone density test-
ing is not routinely performed in patients with diabetes, these data suggest that screening may be important particularly in young 
women with type 1 diabetes. In addition, these women should be counseled regarding lifestyle interventions that may improve bone 
health, including adequate intake of calcium and vitamin D, and exercise.
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Decreased bone density and reduction in the bone strength are most common metabolic bone problems, which are usually diag-
nosed after bone fractures, especially in the lumbar spine and femoral neck [1]. Osteoporosis has become an alarming health problem 
throughout the entire world, and approximately 200 million people in the world are threatened by this deleterious disease [2,3]. Os-
teoporosis is often described as a silent disease because it is typically asymptomatic until a fracture occurs [4]. More than 50 years 
ago, it was shown that diabetes mellitus could be associated with a loss of bone mass leading to osteoporosis [5]. This finding has since 
received a great deal of attention and been investigated by a number of researchers [5-14]. As osteoporosis is a major health problem, 
its occurrence among patients who have diabetes further increases their burden of disease. However, in spite of numerous studies, 
the relationship between diabetes and osteoporosis remains controversial [15-17]. Several reports indicated that T1DM has a strong 
relationship with osteoporosis; whereas in the case of the relationship between type 2 diabetes and osteoporosis, there has been incon-
sistency in the studies [14, 18-21]. These observations suggest that adverse effects on bone health may occur early after the diabetes 
diagnosis. This study was undertaken to estimate the frequency of osteoporosis among Saudi patients with T1DM and T2DM, living in 
the western province, attending the diabetes centre at King Fahd Armed Forces Hospital, Jeddah, KSA.

Eligible patients were patients with T1DM and T2DM. All patients were recruited from the population of the Diabetic Centre at King 
Fahad Armed Forces Hospital. All the patients gave their or their guardian informed consent prior to their inclusion. Eligible patients 
met with investigators for a complete history and physical examination, to have baseline laboratory assessments including glycosylated 
hemglobin (HbA1c). HbA1c was expressed as percentage and measured using the high performance liquid chromatography. All mea-
surements in BMD were measured T-score, converted to Z - scores using a data bank for age-matched speed of sound values supplied 
by the manufacturer. Osteopenia was defined as a Z-score of less than -1 (Z - score < - 1). T-scores at the lumbar spine, neck of femur or 
hip of < - 2.5 defining osteoporosis. Severe osteopenia was defined as Z - score −2.0 and lower (Z - score ≤ −2.0). Mild osteopenia was 
defined as a Z score greater than -2 and less than −1 (−2 < Z-score < − 1). Normal mineralization was a Z score of -1 and higher (Z - score 
≥ − 1). We excluded patients with a history of fractures of less than 1 year and those with associated bone/joint problems, liver disease 
or patients on long-term steroid therapy.

Univariate analysis of baseline and follow up demography and clinical laboratory endpoints were accomplished using unpaired t-
test and one-way Anova with post-hoc between groups where appropriate. Chi square(X2) test were used for categorical data compari-
son. All statistical analyses were performed using SPSS Version 22.0. All P values were based on two-sided tests. The difference between 
groups was considered significant when P < 0.05.

Among 53 cases of individuals with diabetes who participated in this study, 27 cases (50.9%) were T1DM and 26 (49.1%) were 
T2DM, (table 1). The mean age difference between T1DM and T2DM was -8. 2 (95% confidence interval (CI); -13.4, -3.1), p = 0.002. 
Mean HbA1c and diabetes duration difference between T1DM and T2DM was -1.1 (95% CI; -2.3, 0.008), p =0.05 and 6.7 (95% CI; 1.6, 
11.8), p = 0.01 subsequently. 

BMD showed that Osteoporosis was found in 26 cases (49.1%). 17 cases (65.4%) of T1DM has osteoporosis compared to 9 cases 
(34.6%) of T2DM, p = 0.01, (figure 1). Male were more frequent with osteoporosis as compared to more frequent osteopenia in female, 
(figure 2). The mean lumbar spine BMD in the T1DM group was -1.9 ± 0. 9 g/cm2 and in T2DM group was -1. 5 ± 1.0 g/cm2 (P = 0.2), 
(figure 3). The mean femur neck BMD in T1DM group was -1.5 ± 1.0 g/cm2 and in T2DM group was -1.3 ± 0.7 g/cm2, the difference was 
not statistically significant (P = 0.4) (figure 4). The mean hip BMD in the T1DM group was -1.4 ± 1.0 g/cm2 and in T2DM group was -0.95 
± 0.6 g/cm2 (P = 0.08) (figure 5). As shown in (figures 6, 7 and 8) there were no specific patterns of differences of BMD of the spine, 
femur neck and hip in between T1DM and T2DM cases according to age, HbA1c and duration of diabetes. 
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Parameters Total T1DM T2DM  P value

Osteoporosis  Osteoporosis  

Yes No Yes No

Number 53 17 (63.0) 10 (37.0) 9 (34.6) 17(65.4) < 0.0001
Age (years) 27.6 ± 8.2 22.7 ± 4.3 21.4 ± 3.3 30.9 ± 5.6 34.2±8.8 < 0.0001
Gender Male 28 (52.8) 9 (32.1) 4 (14.3) 5 (17.9) 10(35.7) 0.8

Female 25 (47.2) 8 (32.0) 6 (24.0) 4 (16.0) 7 (28.0)
Duration of diabetes (years) 8.4 ± 6.2 11.4 ± .2£ 8.7 ± 2.6 4.7 ± 4.4 7.6 ± 6.2 0.07
Body mass index (kg/m²) 24.7 ± 4.8 22.8 ± 3.1 25.2 ± 2.9 24.8 ± 5.4 25.9 ± 3.4 0.1
Height (cm) 163.2 ± 10.3 160.7 ± 1.3 159.2 ± 6.2 162.5 ± 8.6 168.1 ± 10.8 0.09
HbA1c 8.3 ± 1.5 7.8 ± 0.9§ 7.5 ± 1.3 8.9 ± 1.9 8.9 ± 1.4 0.02
25-hydroxyvitamin D (nmol/l) 35.9 ± 11.9 34.4 ± 10.7 31.6 ± 11.9 27.1 ± 5.4 42.5 ± 12.2 0.06
Total serum calcium (mmol/l) 
[2.15-2.55]

2.3 ± 0.1 2.3 ± 0.1 2.3 ± 0.1 2.4 ± 0.1 2.4 ± 0.1 0.4

Serum albumin (g/l) [34-52] 44.1 ± 3.5 43.6 ± 4.2 43.8 ± 4.0 44.3 ± 1.6 44.6 ± 3.3 0.5
Phosphate(mmol/L) [0.74-1.2] 1.2 ± 0.3 1.2 ± 0.3 1.3 ± 0.2 1.3 ± 0.3 1.1 ± 0.3  0.7
Alkaline phosphotase (U/L) 90.3 ± 54.6 114.7 ± 83.3 79.1 ± 13.7 76.2 ± 20.6 79.2 ± 37.0  0.2
Parathyroid hormome (pmol/L) 
[1.3-7.4] 

6.4 ± 6.8 9.3 ± 11.1 5.0 ± 1.4 5.6 ± 3.0 4.7 ± 1.9  0.2

Magnesium (mmol/L) [0.6-1.1]  0.8 ± 0.1 0.8 ± 0.2 0.8 ± 0.2 0.9 ± 0.1 0.8 ± 0.1  0.2
24-hours urine calcium 2.8 ± 3.9 3.7 ± 6.9 1.6 ± 1.1 2.0 ± 0.8 2.9 ± 1.3   0.6

Table 1: Characteristics of patients with type 1 diabetes mellitus stratified by presence of Osteoporosis 

Data are number (%) and mean ± SD. £: P = 0.01. §: P = 0.05

Figure 1: Number of cases with type 1 and type 2 diabetes 

mellitus according to bone mineral density.
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Figure 2: Number of cases with type 1 and type 2 diabetes mellitus 

according to bone mineral density (A and B) stratified by gender.

Figure 3: Mean of z-spine scores in cases with type 1 and type 2 diabetes mellitus. 

Figure 4: Mean of neck of femur z-scores in cases with type 1 and type 2 diabetes mellitus.
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Figure 5: Mean of hip z-scores in cases with type 1 and type 2 diabetes mellitus.

Figure 6:  Distribution of Spine, femur neck and hip bone mineral density 

subgrouped according to type of diabetes and age in comparison.

Figure 7: Distribution of Spine, femur neck and hip bone mineral density 

subgrouped according to type of diabetes and HbA1c in comparison.
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Diabetes is one of the most common chronic disorders worldwide and its many complications can severely affect quality of life. 
In addition, diabetes has many long term complications affecting almost all tissues. Bone involvement is one of the complications of 
diabetes. Several lines of evidence indicate that low bone mass at the hip, femoral neck and spine in both male and female patients with 
T1DM, may eventually lead to an increased risk of bone fracture. In contrast, in T2DM, investigations appear conflicting, and the exact 
mechanism of this is still unknown [22,24]. These conflicting results may be due to the different methods used to measure the bone 
density, the difference in duration, severity and treatment of diabetes. Our study shows that the frequency of low BMD was higher in 
T1DM than T2DM, although patients with T1DM were about 8 years younger than those with type 2 diabetes. In agreement with many 
studies, the present study has confirmed that osteoporosis is associated with T1DM [25,26]. However, it was unclear until recently 
whether this translated into increased fracture rates [26,27].

 In contrast to our finding, a number of studies have shown that poor glycemic control in patients with T1DM is associated with 
osteopenia and osteoporosis [27,28]. However, Higher HbA1c was associated with osteopenia and osteoporosis in patients with T2DM. 
Poor glycemic control for long period of time can result into microvascular complications and can aggravate the loss of bone density 
by various mechanisms. Nephropathy can predispose patients with diabetes to hypercalciuria and can alter the vitamin D metabolism 
causing vitamin D deficiency [29-30]. Hyperglycemia may lead to an increased loss of calcium in the urine, which can in turn cause a 
negative calcium balance [31]. Furthermore, use of loop diuretics in patients with diabetic nephropathy is associated with low bone 
BMD as these drugs cause the renal excretion of calcium [32]. Insulin-like growth factors and other cytokines may influence diabetic 
bone metabolism [30]. Moreover, insulin resistance and hyperinsulinemia can result in high rate of bone mineral mass in type 2 dia-
betic patients. Insulin is an anabolic hormone that increases bone mass through bone formation by insulin receptor substrate 1 and 2 
on osteoblasts and by lowering sex hormone binding globulin concentration, which results in increased concentrations of estradiol and 
testosterone [33,34]. 

In concordance with our results, T1DM and T2DM have frequent low BMD particularly male. The decrease bone formation and 
inadequate accrual peak bone mass in children with prepubertal onset T1DM has been proposed as a major contributing factor for low 
bone strength and osteoporosis in later life [35]. Men with T1DM tend to be particularly prone to osteopenia or osteoporosis compared 
to women of similar ages. [36,37] Estrogen adequacy and/or use of estrogen-based oral contraceptive pills might be the reason for 
higher bone mass in women compared to men [37,38]. Furthermore, hypogonadism is quite common in men with T1DM and that may 
contribute to osteoporosis in males [39,40]. Another factor which may influence the BMD is body mass index (BMI). Studies have shown 
that lower BMI is associated with higher incidence of osteoporosis. The adipose tissue, apart from providing mechanical loading, also 

Figure 8: Distribution of Spine, femur neck and hip bone mineral density subgrouped 

according to type of diabetes and diabetes duration in comparison.

Diabetes duration (Years)

Discussion
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Our finding of lower femur neck-BMD than Lumbar spine-BMD in patients with diabetes is in agreement with some studies, while 
others did not find such a difference [48-51]. Most studies focus on either T1DM or T2DM, or do not precisely define the diabetes type 
at all and, thus, the assessment of a cohort of consecutive patients of both diabetes types is unique to our study. The increased bone loss 
at the femur neck-BMD compared with the Lumbar spine-BMD suggests that osteoporosis in diabetic patients preferentially develops 
within the appendicular skeleton with predominantly cortical bone. One possible explanation could be the presence of secondary 
hyperparathyroidism due to vitamin D deficiency, as parathyroid hormone causes predominantly cortical bone loss. However, this 
needs further investigation. Another explanation for increased LS-BMD values in patients with type 2 diabetes could be an artificially 
high determination of BMD due to degenerative changes and diffuse idiopathic skeletal hyperostosis, frequently found in such patients 
[52-55]. Many factors such as exposure to sunlight, vitamin D, number of pregnancies, exercise and dairy consumption can affect the 
prevalence of osteoporosis. Although the reasons for the divergent distribution of bone mass at the Lumbar spine-BMD and femur 
neck-BMD cannot be clarified by our study, this finding is of practical relevance and suggests that evaluation of osteoporosis risk in 
diabetic patients should include both measurement sites and not rely on one. 

In conclusion, our findings demonstrate high frequency of osteoporosis in patients with T1DM and T2DM. Although bone density 
testing is not routinely performed in patients with diabetes, these data suggest that screening may be important particularly in young 
women with type 1 diabetes. In addition, these women should be counseled regarding lifestyle interventions that may improve bone 
health, including adequate intake of calcium and vitamin D, and exercise.
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increases BMD through the activity of adipocytokines. Patients with TIDM also have a negative calcium balance as a result of hypercal-
ciuria during periods of hyperglycemia, functional hypoparathyroidism, vitamin D deficiency and alterations in vitamin D metabolism 
[41-43]. 

Cases of both T1DM and T2DM with osteoporosis have lower significantly BMI as compared for cases who have not, 23.6 ± 4.1 vs. 
25.6 ± 3.2, p = 0.046. A low BMI as shown in our study is associated the increased possibility of osteoporosis [44]. Overweight and obe-
sity are believed to be protective factors of BMD [45,46]. Obesity is strongly associated with higher BMD probably through mechanical 
loading and hormonal factors including insulin, estrogen, and leptin [47]. 
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