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Abstract

Objectives: In this review, the authors aimed to clarify the relationship between the occurrence of os-
teoporosis and diabetes, analyze the differences between the pathogenesis of osteoporosis in different
types of diabetes and propose the most effective diagnostic strategy and fracture risk assessment in
diabetic patients.

Material and methods: A analysis of publications in MEDLINE, COCHRANE and SCOPUS databases
was performed, searching for reports on the diagnostics, fracture risk assessment, prevention, and
treatment of osteoporosis in patients with diabetes mellitus (DM) published in the years 2016-2022.
The key words for the search were: diabetes, osteoporosis, and low-energy fracture.

Results: Bone complications of TIDM are more severe than T2DM, because of the lack of anabolic
effect of insulin on bones. In T2DM the risk of fractures is elevated; however, identifying the mecha-
nisms underlying the increased risk of fractures in T2DM is not clear. The FRAX tool is not appropriate
for assessing the fracture risk in young patients with TIDM. It is quite useful in older patients with
T2DM, but in these patients the calculated fracture risk may be underestimated. In T2DM the fracture
risk often does not correspond to BMD value as measured by dual-energy X-ray absorptiometry (DXA).
Diagnostic tools such as the trabecular bone score may play a significant role in this group of patients.
Conclusions: Optimal strategies to identify and treat high risk individuals require further research
and proper definition. The diagnostic criteria for osteoporosis should be clearly defined as well as
fracture risk assessment and choice of anti-osteoporotic medication. In all cases of secondary osteo-
porosis, treatment of the underlying disease is the most important. The relationship between high risk
of fractures and diabetes is inseparable, and its full understanding seems to be the key to effective

management.
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Introduction

Diabetes mellitus (DM) and osteoporosis (OP) are
very common diseases and their frequency is increasing
in the aging population. In recent years weak bone qual-
ity and increased fracture risk associated with diabetes
have been reported [1-3].

It is known that the risk of fractures due to diabe-
tes is significantly higher and often is not reflected in
bone mineral density (BMD) as measured by dual en-

ergy X-ray absorptiometry (DXA). As a result, other BMD-
independent diagnostic measures, including trabecular
bone score (TBS) assessment, have been introduced into
the risk assessment strategy [4].

The aims of our review are to present the relation-
ship between the occurrence of OP and DM and discuss
differences between the pathogenesis of OP depending
on types of DM. We also propose an effective diagnostic
strategy for identifying OP and fracture risk assessment
in diabetic patients.

Address for correspondence:

Joanna Magdalena Tomasiuk, Department of Rheumatology, National Institute of Geriatric, Rhneumatology and Rehabilitation,

1 Spartanska St., 02-637 Warsaw, Poland, e-mail: joannatomasiuk@gmail.com

Submitted: 08.04.2023; Accepted: 26.07.2023

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)


https://orcid.org/0009-0005-2873-3016
https://orcid.org/0000-0003-2365-1079
https://orcid.org/0000-0001-9272-349X
https://orcid.org/0000-0001-5717-4472

Osteoporosis and diabetes

295

Methods

Databases such as MEDLINE, COCHRANE and
SCOPUS were analyzed to search for reports, reviews,
and meta-analyses published in the period 2016-2022
and present diagnostic methods, fracture risk assess-
ment, prevention of OP and fractures in DM patients as
well as treatment of osteoporosis and osteopenia in this
patient group.

The key words for the search were: diabetes, osteo-
porosis, and low-energy fracture.

Diagnosis of osteoporosis and fracture
risk assessment

It is estimated that more than 200 million people in
the world have osteoporosis and nearly 9 million osteo-
porotic fractures occur annually [5]. The World Health
Organization (WHO) defines osteoporosis as a T-score
of —2.5 or less based on BMD measurement, or based on
the occurrence of a low-energy fracture in people with
osteopenia. However, it is known that the number of fac-
tors influencing the risk of fracture is greater than that
resulting from the BMD values [6].

The International Osteoporosis Foundation (I0F) and
WHO recommend the FRAX calculator (Fracture Risk As-
sessment Tool), which takes into account not only BMD
of the femoral neck, but also other risk factors, such as
age, sex, weight, height, previous low-energy fractures,
parental hip fracture, smoking, use of glucocorticoste-
roids, rheumatoid arthritis, secondary osteoporosis, and
alcohol consumption above 3 units per day, to estimate
the 10-year probability of a major osteoporotic fracture
in people aged 40 to 90 years [7]. According to the FRAX
calculator, only type I (insulin dependent) diabetes is
recognized as a secondary cause of osteoporosis. There-
fore, probability calculated by FRAX may underestimate
fracture risk in type 2 diabetes [8].

Diabetes

Diabetes mellitus is a global problem, and the num-
ber of diabetic patients is constantly increasing.
The most common form — diabetes type 2 (T2DM) —is
caused by insulin resistance leading gradually to pro-
gressive impairment of insulin secretion. In turn, chronic
disorders of glucose metabolism are connected with
a number of symptoms and complications, including in-
creased cardiovascular risk, microangiopathy, cataracts,
susceptibility to infection and an increased risk of low-
energy fractures [9]. Densitometrically confirmed OP is
the most significant metabolic bone disease in patients
with type 1 diabetes (TIDM), while low-traumatic frac-
tures occur in both types of diabetes [10].

The pathomechanisms leading to impaired bone
health in diabetes are unknown. Type 1 and 2 diabetes
mellitus were connected with a general increased fracture
risk, with preferential fracture sites at the hip and verte-
brae, and likely the humerus, distal forearm, and foot in
T2DM. In TIDM the most frequent fractures are the hip,
vertebrae, humerus, and ankle [11]. High fasting glucose
variability is associated with higher risk of hip fracture [12].

Sarcopenia, obesity and other diabetic disorders
such as cognitive impairment, peripheral neuropathy,
visual impairment, cardiac arrhythmias, and hypoglyce-
mic episodes increase the risk of falls and fractures [13].
Other skeletal consequences of chronic hyperglycemia
include hypercalciuria caused by glycosuria, and differ-
ent, not quite clear interactions of high glucose levels
with the parathormone and vitamin D [14]. Furthermore,
many patients with T2DM have low serum 25(0H)D,
concentrations due to low physical activity, obesity and
less sun exposure [15]. Common risk factors such as
smoking, osteoporotic fractures in parents, risk of falls
etc. should be evaluated as well.

Considering all these factors, the early estimation
of fracture risk and diagnosis of metabolic bone diseas-
es in diabetic patients are essential.

Bone complications of TIDM are more severe than
T2DM, because of the lack of anabolic effect of insulin
on bones [16, 17]. In children and adolescents the lack
of insulin and low IGF1 levels inhibit the terminal differ-
entiation of osteoblasts from mesenchymal stem cells,
which leads to low peak bone mass [18]. There is a con-
siderable risk of comorbidity of TIDM with other auto-
immune diseases such as rheumatoid arthritis, celiac
disease and for example autoimmune thyroid diseases,
which also increase the risk of fractures [19].

In adult patients with TIDM, the first densitometry
should be performed five years after the diagnosis of
the diabetes mellitus and repeated every 2-5 years.
The FRAX tool is not appropriate for assessing the frac-
ture risk in young patients with TIDM. It is quite useful
in older patients with T2DM. However in these patients
the calculated fracture risk may be underestimated [20].

Similarly in T2DM the fracture risk often does not
correspond to the BMD value as measured by DXA. How-
ever, taking into account the conducted studies, it was
found that these patients tend to have low-energy frac-
tures with higher BMD values compared to the healthy
population [21]. Moreover, the incidence of fractures in
patients with osteopenia is significantly higher in dia-
betic patients than in healthy subjects [22].

It has been proven that patients with T2DM have
a higher risk of fracture than the healthy population at
the same BMD value [23], which may be connected to
deterioration of bone quality and bone microarchitec-
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Table I. Differences and similarities in TIDM and T2DM

Diabetes mellitus type 1 Both types of diabetes mellitus Diabetes mellitus type 2
Decreased BMD Impaired bone microarchitecture Increased BMD

An absolute deficiency of insulin Low level of C-terminal cross-linked telopeptide  Insulin resistance and increased
secretion resulting in insufficient bone  (CTX) and osteocalcin insulin secretion, resulting in
mineralization during adolescence High level of sclerostin increased bone mineralization
Low peak bone mass Decreased IGF-1

Increased AGEs leading to reduced collagen
elasticity and inhibition osteoblasts
Microvascular disease inflammation

Significantly higher risk of hip fracture Bone microarchitectural damage Increased fracture risk of hip,
Diabetes-induced falls spine, and forearm fractures

AGEs — advanced glycation end products, BMD — bone mineral density, IGF-1 — insulin-like growth factor-1.
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DIAP: 4.2 ¢ e’
Results
Region Area [cm?] BMC [g] BMD [g/cm?] T-point PR Z-point AM
L1 13.51 12.70 0.940 -0.5 95 1.3 118
L2 13.40 12.69 0.947 -0.7 92 1.2 116
L3 12.58 10.95 0.870 -1.9 80 0.1 101
L4 16.08 14.96 0.931 -1.2 88 0.9 112

BMC — bone mineral content, BMD — bone mineral density.

Fig. 1 A. Bone mineral density of lumbar spine in patient (68-year-old woman) with T2DM, which indicates
osteopenia.
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BMD — bone mineral density, TBS — trabecular bone score.

Fig. 1 B. Trabecular bone score of the same patient which indicates serious deterioration of trabecular bone

microarchitecture.

ture disorders [24, 25]. Some experts do not call this
osteoporosis but diabetic bone disease [26]. In Table |
the differences and similarities between T2DM and
T2DM are presented.

Trabecular bone score

Importantly, bone strength and fracture risk are af-
fected by factors other than BMD. Microarchitectural
deterioration of bone tissue, structural micro-damage,
and bone turnover and a wide range of clinical risk fac-
tors such as age, prior fracture, family history and fall risk
contribute to the general assessment of fracture risk [27].

The trabecular bone score (TBS) is an index, derived
from DXA scans of the lumbar spine, which facilitates
the analysis of bone microarchitecture evaluating trabecu-
lar number, density and separation [28]. It allows vertebral
fracture risk assessment independently of BMD. It has been
shown that TBS predicts fractures regardless of the frac-
ture probability assessed with the FRAX calculator. Clinical
trials have shown that TBS is important in the assessment
of fracture risk in other causes of secondary osteoporosis
for example hyperparathyroidism and glucocorticosteroid-
induced osteoporosis [29, 30].

An elevated TBS means fracture-resistant and strong
bone microarchitecture. A low TBS reflects weaker, fracture-
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Region Area [cm?] BMC [g] BMD [g/cm?] T-point PR Z-point AM

L1 15.42 16.96 1.100 1.0 111 2.6 136

L2 13.76 15.55 1.130 0.9 110 2.7 136

L3 13.83 15.02 1.086 0.0 100 1.9 124

L4 17.37 20.76 1.195 1.2 113 3.2 141

Sum 60.38 68.30 1.131 0.8 108 2.6 134

CV BMD total 1.0%, ACF = 1.037, BCF = 1.007, TH = 11.481
BMC — bone mineral content, BMD — bone mineral density.

Fig. 2 A. Bone mineral density of lumbar spine in another patient (66-year-old woman) with T2DM, which

indicates normal BMD level.

prone microarchitecture of bone. The largest published
study assessing TBS in 29,407 postmenopausal women
over 50 years old in the Canadian province of Manitoba re-
vealed that lumbar spine BMD and TBS predicted fractures
equally well [31]. Moreover the combination of both antici-
pated fractures better than either individually [32].

The Manitoba data were used to derive an adjust-
ment factor to change the fracture risk probability calcu-
lated by FRAX [33]. Also it is worth emphasizing that in
the Ansung cohort (1,229 men and 1,529 postmenopausal
women including 325 men and 370 women with type-2
diabetes) lumbar spine TBS was lower in both sex with
diabetes than in healthy patients, but lumbar spine BMD
was higher in men and women with diabetes. The trabec-

Reumatologia 2023; 61/4

ular bone score negatively correlated with HbAlc (hemo-
globin Alc) and fasting plasma glucose levels [34, 35]. It
seems that TBS is an important additional factor support-
ing fracture risk assessment in patients with T2DM.

In Figure 1 A and 1 B the picture of osteopenia in
DEXA and serious deterioration of trabecular bone archi-
tecture in TBS assessment in one patient is presented.
In Figure 2 A and 2 B the situation of a significant differ-
ence between the picture of DXA (normal) and trabecu-
lar bone damage in TBS (another patient) can be seen.

Bone turnover and bone turnover markers

The extracellular bone matrix consists of inorganic
minerals and organic structures. The inorganic compo-
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Fig. 2 B. Trabecular bone score of the same patient which indicates serious deterioration of trabecular bone

microarchitecture.

nent consists mainly of hydroxyapatite and is respon-
sible for stiffness and mechanical resistance. The de-
gree of tissue mineralization is measured by DXA and
expressed by BMD. The organic component consists
of collagen fibers and provides bone strength.

The pathogenesis of diabetic bone disease with de-
teriorating bone quality is multifactorial and not quite
clear. Diabetes causes damage to bone microcircula-
tion, impairs osteoblast maturation and bone forma-
tion, and affects bone turnover [36]. Decreased blood
PTH levels, oxidative stress and chronic hyperglycemia
lead to the deposition of advanced glycation end prod-
ucts (AGEs). Non-enzymatic metabolism of many pro-
teins (including collagen) increases the concentration

of sclerostin, an inhibitor of osteoblasts [37, 38]. In ad-
dition, obesity, low physical activity, some antidiabetic
drugs such as thiazolidinediones, sodium-glucose co-
transporter inhibitors [39] and a low level of insulin-
like growth factor-1 (IGF-1) are associated with meta-
bolic alterations in bones [40].

Metabolic disorders in the bones, both known and
unknown, lead to hypermineralization, bone microcrack
accumulation and defective microdamage repair [41]. Al-
though bone mass is high in patients with T2DM, it does
not protect against fractures because of impaired qual-
ity of bone tissue [42]. It has been found that changes
in bone metabolism and damage to the microcirculation
can increase fracture healing time by 87% [43].

Reumatologia 2023; 61/4
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In healthy individuals, the fracture response occurs
within the first few weeks of recovery. It is expressed by
peak levels of increased bone turnover markers such as
osteocalcin, alkaline phosphatase (ALP) and IGF-1 [44].
Conversely, in diabetic patients bone turnover markers
are reduced after a fracture [45], which is presumably
associated with a slower healing process.

Bone metabolism can be measured indirectly using
markers of bone turnover including s-procollagen type
1 amino terminal propeptide (PINP), osteocalcin, C-ter-
minal cross-linked telopeptide of type-l collagen (CTX)
and sclerostin. In particular, the osteocalcin produced by
osteoblasts and PINP are markers of bone formation.
Children with TIDM have low osteocalcin levels, which
negatively correlate with diabetes control and HbAlc
levels [46]. Osteocalcin serum levels are decreased in
both types of diabetes compared to healthy people [47].
On the other hand, sclerostin as a marker of bone re-
sorption, is negatively correlated with markers of bone
formation in T2DM patients [48].

Studies assessing bone remodeling have shown
decreased bone formation, with reduction in the min-
eralization. Moreover, CTX serum levels were also re-
duced [49]. Other markers, such as bone-specific alkaline
phosphatase were within the normal range. Suppression
of bone resorption may be additionally caused in T2DM
by elevated blood levels of osteoprotegerin, which binds
to RANKL (receptor activator of nuclear factor kB ligand)
leading to inhibition of osteoclasts maturation. All these
metabolic mechanisms do not lead to the development
of typical osteoporosis, and for this reason it is instead
referred to as a diabetic bone disease [50]. In Figure 3
the mechanism of diabetic bone disease is presented.

Drugs used to treat diabetes

Hyperglycemia control is the most important treat-
ment strategy for diabetic bone disease.

Drugs used to treat T2DM can have both indirect and
direct effects on bone metabolism and fracture risk. Ob-
servations so far show that some drugs have a benefi-
cial effect on bones, but there are groups of drugs that
should be avoided. Metformin (a biguanide anti-hyper-
glycemic drug), dipeptidyl peptidase-4 inhibitors, sulfo-
nylureas and glucagon-like peptide-1 receptor agonists
should be the first line treatment of diabetes in patients
with osteoporosis [51].

Thiazolidinediones (TZDs) and canagliflozin should
be avoided. The other SGLT-2 inhibitors are the less
explored options. Thiazolidinediones are peroxisome
proliferator — activated receptor y agonists, which are
no longer widely used. They could cause an increased
risk of fractures because they induce increase osteoblast

Reumatologia 2023; 61/4

Hyperglycemia

Antidiabetic drugs

Y

Endocrine disorders:
Low IGF-1
Low PTH

Increased level of sclerostin
AGEs accumulation
Low enzymatic-crosslinking

Y

Low bone turnover

Y

Bone microcrack accumulation
Hypermineralization
Defective microdamage repair

A

Bone fragility and higher fracture risk

Fig. 3. Mechanism of development diabetic bone
disease

apoptosis and promote differentiation of multipotent
mesenchymal stem cells into adipocytes [52].

Another group of drugs that have a negative effect
on the bones is SGLT-2i. These drugs inhibit sodium-glu-
cose cotransporters and their metabolic action consists
in inhibiting the reabsorption of glucose in the kidneys,
which leads to a decrease in glycemic levels. On the oth-
er hand, these drugs may disturb the level of calcium
and phosphate metabolism, causing loss of bone min-
eral density (BMD) and more frequent falls. In terms
of bone health, canagliflozin has been shown to have
a negative effect on bone density, bone resorption, and
the risk of hip fracture [53].

However, there are groups of antidiabetic drugs that
have a beneficial effect on bone metabolism.

Metformin is the most commonly used oral hypogly-
cemic drug. By making tissues more sensitive to insulin,
it improves glycemic control and may slow down the de-
velopment of diabetic bone disease.

Sulfonylureas are among the commonly prescribed
antidiabetic drugs. They are proved to be effective in
controlling glycemia and preventing microvascular com-
plications. Studies indicate a positive or at least neutral
effect of sulfonylureas on fracture risk [54]. Hypoglyce-
mia causing falls is a common side effect of these drugs,
and therefore the risk of fractures may be increased [55].

Incretins are hormones that stimulate insulin pro-
duction, inhibit the release of glucagon and slow down
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Fig. 4. Therapeutic management of osteoporosis
in DM.

the rate of absorption of nutrients into the bloodstream
by delaying gastric emptying. Incretin-based drugs used
in the treatment of T2DM are glucagon-like peptide-1 re-
ceptor agonists and inhibitors of the enzyme dipeptidyl
peptidase-4. To date, studies have shown that treatment
with these drugs has a neutral or beneficial effect on
the risk of fractures [56]. They may improve potentially
positive effects on bone by calcitonin production in thy-
roid C-cells, which inhibits bone resorption [57].

Insulin (protein hormone) is the basic drug which
replaces the endogenous hormone in the treatment
of TIDM and supporting in severe forms of T2DM. In-
sulin should be used with caution to avoid hypoglyce-
mia. In patients with TIDM before starting treatment,
the incidence of OP or osteopenia was found to be sig-
nificantly higher. It has been proven that after several
years of taking insulin, bone turnover markers and BMD
had significantly improved [58]. In Figure 4 the thera-
peutic management of osteoporosis in diabetes mellitus
is presented.

Drugs used to treat osteoporosis

There is currently no evidence of the effect of anti-
osteoporotic drugs on glucose metabolism. Therefore
treatment of osteoporosis should not be modified due
to the presence of T2DM and T1IDM [59].

Additional risk factors

Clinical management should always focus on avoid-
ing known risk factors, implementation of preventing
falls strategies, maintaining good glycemic control, and
making early diagnosis in people at risk of fractures.
Other lifestyle changes such as supplementation ap-
propriate dietary calcium and vitamin D, regular physi-
cal activity, avoidance of alcohol and smoking should be
recommended. Obesity is typical for patients with T2DM

Diagnosis of diabetes mellitus type 1

Y

Perform a DXA after 5 years since
diagnosis of the disease and estimate
fracture risk according to FRAX-BMD

A

Repeat after 2-5 years depending
on the test results

Fig. 5. Diagnostic strategy in TIDM.

and is itself connected with an increased risk of frac-
tures at certain localizations such as tibia, humerus, and
ankle [60]. Importantly, weight loss adversely affects
the skeletal system by reducing bone mass. There are
data that adipocytes which primarily compose adipose
tissue arise from nonhematopoietic mesenchymal stem
cells like osteoblasts [61].

Leptin, resistin and adiponectin affect on skeletal
system. Resistin and adiponectin implicate beneficial
effects of obesity on the skeleton. Leptin stimulates os-
teoclastogenesis inhibition and osteoblastic differentia-
tion [62-64]. Clinical studies revealed that serum levels
of leptin positively correlate with BMD [65].

To summarize the risk of fracture in TIDM is high.
The general guidelines of managing osteoporosis in dia-
betes are early diagnosis and implementation of screen-
ing tests, prevention of hypoglycaemia and falls, pro-
priate glycaemic control, suplementation of witamin
D and exercise programs to increase muscle and bone
strength. In patients with TIDM first densitometry
should be performed earlier than 5 years after diagnosis
of the disease (Fig. 5). Currently, there are no separate
recommendations for diagnostic management in pa-
tients with T2DM, which requires further research.

Conclusions

In T2DM the risk of fractures is elevated, however,
identifying the mechanisms underlying the increased
risk of fractures in T2DM is not clear. Optimal strategies
to identify and treat high risk individuals requires further
research and proper definition. It is worth noting, that
the fracture risk based on FRAX calculation may be un-
derestimated and in T2DM may not match BMD values.

Therefore, bone health in diabetes need further in-
vestigations in search of the best methods for evaluat-
ing bone microarchitecture and alterations in bone qual-
ity. The diagnostic criteria for osteoporosis should be

Reumatologia 2023; 61/4
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clearly defined as well as fracture risk assessment and
choice of anti-osteoporotic medication. Diagnostic tools
such as TBS may play an siginicant role in this group
of patients. In all cases of secondary osteoporosis, treat-
ment of the underlying disease is the most important.
The relationship between high risk of fractures and dia-
betes is inseparable, and its full understanding seems to
be the key to effective management.
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