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ABSTRACT

Introduction: It is well-documented that type 1 diabetes mellitus shows decreased Bone Mass Density (BMD). Type
2 Diabetes Mellitus (T2DM) affects bone metabolism, but the relationship between T2DM and BMD remains
controversial. This study aimed to evaluate the difference in BMD between diabetic and non-diabetic individuals.

Materials and methods: A total of 150 (50 male and 100 female) diabetic patients and 150 (55 male and 95 females)
controls with a mean age of 58 + 6.5 and 59 + 7.8, respectively, were enrolled for the study. They underwent BMD
measurement for the lumbar spine and left femoral neck through Dual-energy X-ray Absorptiometry (DXA) for the
presence of osteoporosis according to the WHO criteria. The fasting plasma glucose level of all participants was
measured.

Results: Of the 150 diabetic patients there were 11(7.33%), and 21 (14.0%) have osteoporosis and osteopenia in the
lumbar spine, respectively, compared to 35 (23.33%) and 48(32.0%) in the non-diabetic group. There were 9(6.0%)
and 17(11.33%) had osteoporosis and osteopenia in the left femoral neck in the diabetics, respectively, compared to

OPEN 8ACCESS Freely available online

27(18.66%) and 42(28.0%) in the non-diabetics.

Conclusion: Patients with T2ZDM have higher BMD levels when compared to non-diabetics.
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INTRODUCTION

Diabetes mellitus is a common metabolic condition characterized by persistent
hyperglycemia with resultant morbidity and mortality related primarily to its
associated microvascular and macrovascular complications. Type 2 Diabetes
Mellitus (T2DM) is a highly prevalent disorder worldwide [1]. Diabetes
mellitus has evolved as one of the world's most common health problems
that affect almost all organ systems, with substantial morbidity and mortality
[2]. Musculoskeletal complications related to diabetes are common and can
lead to severe morbidity. Consequences following diabetic complications are
muscle infarction, neuropathic arthropathy, and Charcot joint [3]. Metabolic
derangements can lead to Diffuse Idiopathic Skeletal Hyperostosis (DISH) and
osteopenia. Syndromes due to microvascular disease carpal tunnel syndrome,
Dupuytren's contracture, flexor synovitis, Adhesive capsulitis, and limited
joint mobility. Other complications like sclerodactyly, calcific tendinitis of
the shoulder, periarthritis of the shoulder, and reflex sympathetic dystrophy
[4,5]. Osteoporosis is defined as the generalized reduction in bone mass that
disrupts the microarchitecture of bone and attenuates bone strength, leading
to an increased risk of bone fractures [6]. The World Health Organization
defines osteoporosis as a Bone Mineral Density (BMD) below 2.5 standard
deviations of the mean for young, healthy adults of the same sex, whereas T

scores between -2.5 and -1 standard deviations are defined as osteopenia [7].
Association between T2DM and bone mineral density remains controversial.
Because the pathway of the pathogenesis of type 1 differs from that of T2DM,
there is no uniform entity of diabetic bone disease. While decreased BMD
was observed in patients with type 1 diabetes [8,9], studies on BMD in T2DM
showed controversial findings with lower, higher, or even similar results
compared to healthy controls [10]. T2ZDM and osteoporosis share numerous
common characteristics; they are both chronic disorders with an important
medical burden. Although individuals with type 1 DM showed decreased
BMD, those with T2DM often have normal or sometimes slightly elevated
BMD compared with healthy age-matched controls [11]. Bone weakness results
from reduced bone mineral mass and alterations in the microstructure of bone.
Several mechanisms may contribute to increased fractures in T2DM patients.
Glucose toxicity, lack of insulin, and other factors affect bone metabolism.
Several studies examined the association between T2DM and fracture risk
[12,13]. Clinically, assessing the bone microstructure of T2DM patients is
difficult because CT or MRI should be used [11]. Therefore determining
the BMD is the best approach for now. Because of the controversial results
of different studies, this study aimed to evaluate this debatable association
between diabetes and osteoporosis.
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MATERIALS AND METHODS

A cross-sectional study was carried out at the Department of Rheumatology
and Rheumatology Outpatient Unit in Basrah Teaching Hospital from
December 2020 to July 2022. A total of 150 (50 male and 100 female) diabetic
patients and 150 (55 male and 95 females) controls with a mean age of 58 +
6.5 and 59 + 7.8, respectively, were enrolled in the study. BMI was calculated
for all participants, and the adopted BMI ranges were: normal (18.5-24.9),
overweight (25-29.9), and obese (> 30) [14]. All participants underwent BMD
measurement for the lumbar spine and left femoral neck through Dual-energy
Xeray Absorptiometry (DXA) for the presence of osteoporosis according to the
WHO criteria. BMD (as g/cm?) was measured at the lumbar spine (L1-14)
and hip (femoral neck) by DXA machine in the Rheumatology unit in Basra
Teaching Hospital. The T score (comparison with normal, young subjects of
the same sex) was based on the reference values in the DXA machine provided
by the manufacturer (GE Lunar Prodigy Pro). The definition of osteoporosis
according to WHO guidelines were (T score < —2.5 SD) and (T score > —1.0
SD) defined as normal BMD) [15]. All patients and controls were subjected
to detailed clinical evaluation and necessary blood investigations. Patients
with chronic kidney disease, malabsorption syndromes, malignant diseases,
chronic pancreatitis or pancreatotomy, primary hyperparathyroidism, thyroid
disorder, Paget's disease, and inflammatory disorders such as rheumatoid
arthritis, systemic lupus erythematosus, postmenopausal women or those with
history of hysterectomy, patients treated with steroids, immunosuppressants,
anticonvulsants, calcium, and Vitamin D supplements, and bed-ridden
patients were excluded from the study.

Statistical analysis

SPSS software version 25.0 was used for data analysis. Percentages and mean
were used to present the data in tables. In addition, a comparison of study
groups was carried out using a chi-square test for categorical data and Student's
ttest for continuous data. A Pwvalue of <0.05 was considered statistically
significant.

RESULTS

The demographic distributions of patients are shown in Table 1. Of the 150
diabetic patients, there were 50 (33.33%) and 100 (66.67%) men and women,
respectively, with mean age and disease duration of 58 + 6.5 years12 + 5.8
years, respectively. Of the 150 non-diabetic individuals, there were 55 (36.66%)
and 95 (63.34%) men and women, respectively, with a mean age of 59 + 7.8
years. Of the 150 diabetic patients, there were 11(7.33%), and 21 (14.0%)
had osteoporosis and osteopenia in the lumbar spine, respectively, compared
to 35 (23.33%) and 48 (32.0%) in the non-diabetic group the difference
was statistically significant (p=0,022). There were 9 (6.0%) and 17 (11.33%)
had osteoporosis and osteopenia in the left femoral neck in the diabetics,
respectively, compared to 27 (18.66%) and 42 (28.0%) in the non-diabetics the
difference was statistically significant (p=0,022). Osteoporosis and osteopenia
were more pronounced in women than men, as shown in Tables 2 and 3.
Table 4 shows the statistically significant differences in BMI between diabetics
and non-diabetics (p=0.022). There is no significant difference in BMI in the
lumbar spine and femoral neck according to the disease duration in diabetic
patients (p>0.05), as shown in Table 5.

Table 1: Demographic data for both diabetics and non-diabetics.

Diabetics Non-diabetics P value
Total No. 150 (100%) 150 (100%)
Men 50 (33.33%) 55 (36.66%)
Women 100 (66. 67%) 95 (63.34%)
Age (mean = SD) 58 +6.5 59+178 >0.05
BMI (mean + SD) 27 3.7 22 +4.1 <0.05
Disease duration 12£58
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Table 2: Osteoporosis and osteopenia in the lumbar spine in diabetics and
non-diabetics.

Diabetics Non- diabetics P value
Total 150 (100%) 150 (100%)
Osteoporosis (total) 11 (7.33%) 35(23.33%)
Male 3 (2.0%) 25 (16.66%) 0.022
Female 8 (5.33%) 10 (6.67%)
Osteopenia (total) 21 (14.0%) 48 (32.0%)
Male 7 (4.66%) 10 (6.67%) 0.022
Female 21 (9.34%) 38(25.33%)

Table 3: Osteoporosis and osteopenia in femoral neck diabetics and non-
diabetics.

Diabetics Non- diabetics P value
Total 150 (100%) 150 (100%)
Osteoporosis (total) 9 (6.0%) 27 (18.66%)
Male 2 (1.33%) 7 (4.66%) 0.023
Female 7 (4.67%) 20 14.0%)
Osteopenia (total) 17 (11.33%) 42 (28.0%)
Male 4 (2.66%) 32 (21.33%) 0.023
Female 13 (8.67%) 10 (6.67%)

Table 4: BMD for lumbar spine and femoral neck in both study groups.

Lumbar spine Femoral neck

Diabetics 14+ 0.22 -1.5+£0.24
Non-diabetics 23+ 012 -2.2+£0.17
P value 0.022 0.022

Table 5: BMD for lumbar spine and femoral neck according to disease
duration in diabetic patients

Disease duration > 5years <5 years P value
BMD of the lumbar spine -14+0.22 -1.3+0.92 >0.05
BMD of femoral neck -1.5+0.24 -14+0.84 >0.05

DISCUSSION

Osteoporosis is a common and prevalent metabolic bone disease, and its
occurrence in diabetic patients further increases the burden of the disease.
In this study, a significant difference in BMD was observed between diabetic
patients and non-diabetic individuals. Diabetic patients have a higher BMD
than the control group in both the lumbar spine and femoral neck. The
association between BMD and T2DM is still an obscure and debatable issue.
However, the findings of this study are consistent with those of previous
studies conducted by Ma L et al., Vestergaard P et al., Leidig-Bruckner G et
al., and Raj et al. in that DM patients have higher BMDs [16-19]. In contrast
to our study, Shivank Prakash et al. Yaturu and Dutta N et al. found that
diabetic patients were associated with lower BMD [20-22]. In this study,
our diabetic patients have a higher BMI than the control group. Diabetes
could influence bone through several mechanisms, some of which may have
contradictory effects. Obesity, widespread in T2ZDM, is strongly associated with
higher BMD, probably through mechanical loading and hormonal factors,
including insulin, estrogen, and leptin [23-25]. The adipose tissue produces
different adipokines that have an essential role in regulating bone remodeling.
Diabetic patients have higher concentrations of plasma leptin than healthy
controls [26]. Leptin stimulates the growth of bone by stimulating osteoblast
proliferation and differentiation [27]. Hyperinsulinemia may promote bone
formation [28]. However, low insulin levels and the progression of T2ZDM may
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cause reductions in BMD. High fasting insulin levels play an essential role in
the development of DM, mainly resulting in higher bone mass. In advanced
and complicated T2DM, elevated insulin levels have a deleterious effect.
As the resistance to insulin increases, the fasting insulin levels are inversely
related to BMD, and this correlation becomes highly significant as the degree
of insulin resistance increases [29]. In advanced T2DM requiring insulin,
pancreatic - cell function certainly decreases. However, the exact timing of
this phenomenon remains to be determined. In this study, we observed no
significant association between BMD and disease duration in diabetic patients,
a result that is contradictory to the findings of Miso Jang et al., who found a
significant correlation between disease duration and low BMD [30]. In this
study, even osteoporosis and osteopenia were less prevalent in the diabetic
group than in the controls, but it was observed to be higher in women than
in men. Gender has a crucial effect on BMD in T2DM. Barrett:Connor [31]
observed that older diabetic women had higher BMD levels at all sites. Studies
also suggested that obesity and hyperinsulinemia can decrease bone turnover
in diabetic women [26], so the impact of estrogen deficiency on bone mass is
attenuated after menopause [19].

CONCLUSION

One limitation of this study is the low number of participants, and large
prospective studies are needed to establish the mechanisms underlying this
association and, most importantly, the relationship with fracture risk, the most
adverse consequence of osteoporosis. In this study, we found BMI was higher
in type 2 diabetic patients than in non-diabetic healthy controls. Osteopenia
and osteoporosis were less prevalent in diabetic patients than in non-diabetic
healthy controls, and BMD was higher in diabetics than non-diabetics in both
the lumbar spine and femoral neck. Disease duration was not correlated to
BMD in diabetic patients.
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